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Editorial Note

The Journal of Applied Informatics and Technology UIT) has published Volume 7,
Number 2 (2025): July-December, comprising a total of 15 research articles—ten
in English and five in Thai. Each article has undergone peer review by at least
three experts from different institutions. The authors revised their articles based
on the reviewers’ comments until they were approved for publication. The
editorial team also verified the accuracy of the content, references, and language
usage to ensure the highest quality. We sincerely thank all the reviewers for
their valuable feedback and thoughtful recommendations.

The following articles have been published in Volume 7, Number 2

(2025):
1)

2)

3)

4)

5)

6)

7

Warfarin Care: Warfarin Management System for Older Adults

Author: Narit Hnoohom, Konlakorn Wongpatikaseree, Autchariya
Poungkaew, Junporn Kongwatcharapong (Hnoohom et al., 2025)

Measuring Neck Abnormalities for Preliminary Assessment of
Neck Pain Disease using Virtual Reality

Author: Manatsawee Sidajan, Kawintra Sittikraipong, Peerapat
Kusumannukul, Sasiwimon Pornwachirawit, Waichaya Suwannakeeree,
Sutasinee Jitanan (Sidajan et al., 2025)

An In-House Time Tracking Application Development with
a Low-To-No-Code Platform

Author: Sorn Tanharaphan, Thanabadee Rodvanich, Yatawee
Aupasao, Natsuda Kaothanthong (Tanharaphan et al., 2025)

Leveraging PyThaiNLP for Sentiment Analysis of Thai Online
Text: A Comparative Study of Logistic Regression and Support
Vector Machine

Author: Sunisa Duangtham, Setthaphong Lertritrungrot, Nattavadee
Hongboonmee, Wansuree Massagram (Duangtham et al., 2025)

The Flood Simulation System as a New Process for Public
Participation of Local Administrative Organizations in Tha Wang
Pha District, Nan Province

Author: Chamnan Kumsap, Vissanu Mungkung, Lanyanat Patanan,
Phimraphas Ngamsantivongsa, Arisara Charoenpanyanet, Phonpat
Hemwan (Kumsap et al., 2025)

Classification of Guanxi Mandarin Orange Grades using Machine
Vision Algorithms

Author: Fulian Huang, Jialin Xie, Shijun Jie, Nattawoot Suwannata
(Huang et al., 2025)

Development and Cost-Effectiveness Analysis of a Fogging Pump
Control Systemm Commercial Prototype for Oyster Mushroom
Cultivation based on Open-System Greenhouse

Author: Non Pinngern, Bhannawat Wanganusorn (Pinngern &
Wanganusorn, 2025)



8) Web Scraping-based System for E-commerce Price Comparison
and Similar Product Segmentation

Author: Pongsin Jankaew, Wachirawut Thamviset (Jankaew &
Thamviset, 2025)

9) A Comparative Study of Sea Lettuce Cultivation in Seawater
and Scientific Saltwater using loT Technology

Author: Suttipong Klongdee, Sriwaree Sujaritchai, Sommart Promput
(Klongdee, Sujaritchai, & Promput, 2025)

10) Utilizing Association Rule Mining to Understand Phishing Risk
Awareness Levels of Thai University Academic Staff

Author: Pita Jarupunphol, Wipawan Buathong (Jarupunphol &
Buathong, 2025)

11) Approximate String Matching Algorithm using Single Inverted
Lists

Author: Soontaree Thumsuwan, Nuanprang Sangurai, Chouvalit
Khancome (Thumsuwan, Sangurai, & Khancome, 2025)

12) Pneumonia Detection from Chest X-ray Images using
Convolutional Neural Networks and Transfer Learning Techniques

Author: Pongsathorn Chedsom (Chedsom, 2025)

13) Feature Selection with Linear Discriminant Analysis to Improve
the Performance of Heart Disease Classification

Author: Ratiporn Chanklan, Keerachart Suksut, Kedkarn Podhijittikarn
(Chanklan, Suksut & Podhijittikarn, 2025)

14) Information System for Wet Garbage Bin Data Management in
Local Areas: A Case Study of Langu Subdistrict Administrative
Organization, Satun Province

Author: Norathep Sakphet, Chatirot Jitrugtham, Annop Bunjan,
Kullaphat Yingdumnoon, Sakan Rodklai, Chanyanuch Pumpuang
(Sakphet et al., 2025)

15) Rice Seed Production with Smart Farm

Author: chalawan Wantong, Wanida Sumranram, Utis Tahom,
Varit Kitthanarut, Ekkaluk Salukkham (Wantong et al., 2025)

The editorial board of JIT sincerely hopes that the 15 articles published
in this issue will benefit researchers and serve as a valuable source of knowledge
for the advancement of their work. We believe that the insights and findings
presented in this issue will contribute to academic and practical developments in
the fields of informatics and technology. We warmly invite scholars, practitioners,
and students to explore the articles and apply the knowledge gained to their
own research and professional activities.

Assoc. Prof. Olarik Surinta, Ph.D.
Editor-in-Chief
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Abstract: Warfarin Care emerges as a transformative solution in
digital healthcare for the elderly reliant on warfarin. Addressing
specific needs, Warfarin Care serves as a communication and
information exchange among medical personnel, elderly patients,
and family members or caregivers. With a user-friendly interface,
ricorous content evaluation, and a shared database architecture,
Warfarin Care endeavors to mitigate medication errors and
augment overall treatment outcomes. Through the integration
of risk assessment, medication history, and warfarin knowledge,
medication reminders, and educational tools, the application fosters
a deeper understanding of proper medication behavior. The research
is based on the clinical trial, in which 60 cases of elderly patients
and family members, 30 elderly patients, and 30 family members or
caregivers were selected as the sample receiving treatment in the
outpatient department of Sakonnakhon Hospital. The study from
the clinical trial revealed that the majority of elderly participants
fall within the 60-69 age group, predominantly women and
married. The data reveals high satisfaction among both elderly
users and caregivers, underscoring Warfarin Care’s positive impact
on enhancing knowledge, confidence, and support for proper
medication adherence with user-friendly communication. Users

agreed that the use and suitability of the Warfarin Care application
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had an average of 4.57 and a S.D. of 0.57 from
elderly users and an average of 4.67 and a S.D.
of 0.61 from caregivers or family members.
The robust data analysis utilizing mean and
standard deviation values underscores the

application’s effectiveness.

1. Introduction

The primary concern in preparing
for an era where technology plays a crucial
role in an aging society is how to ensure
that technological applications support and
enhance the quality of life for the elderly
across various dimensions. This involves
providing access to information technology
and innovations that contribute to health
promotion, assistance with daily activities,
and reduced dependency on others. The goal
is to enable active aging, empowering the
elderly to rely on themselves and lead
fulfilling lives. While longer lifespans are
indicative of advancements in medical
technology, the changing circumstances bring
about shifts in the types of illnesses prevalent
among the elderly. While aging, there is an
increased likelihood of suffering from chronic
diseases, leading to the use of numerous
medications with complex management
requirements. Some elderly individuals
are responsible for their own medication
management, posing potential risks such
as inappropriate use, overmedication, side
effects, and drug interactions. This complexity
makes disease control and the prevention
of complications more challenging for the

elderly. Warfarin serves as an anticoagulant

(Choicharnchaikul, Malathi, & Kanchanachai,
2008), employed to prevent and manage
blood clots within blood vessels—a condition
particularly prevalent among the elderly.
Consequently, its usage has surged in this
demographic. Even though it works, warfarin
is known to be a high-risk drug (Panichsombat,
2017), with a narrow treatment range based on
the INR value, complicated pharmacokinetics
and pharmacodynamics, and patients having
different reactions to it (Warfarin Clinic, 2014).
The general target for warfarin therapy is to
maintain the INR within the range of 2-3.
However, for certain diseases or specific
patients, physicians may consider different
INR targets, and it is advisable to consult
the attending physician for personalized
guidance. If the INR value exceeds 3, it
indicates increased blood fluidity, putting the
patient at risk of abnormal bleeding, which
will be more critical with elderly patients.
Conversely, if the INR is below 2, it suggests
increased blood viscosity, leading to the
formation of blood clots. Patients with low INR
values are at risk of developing clots that may
block various parts of the body. Numerous
factors, including irregular medication intake,
patient communication, and various drug
interactions, pose potential complications,
notably severe bleeding with the potential

to cause permanent impairment or death.

For elderly patients undergoing warfarin
treatment, stringent monitoring and adherence
to prescribed behaviors are imperative due
to the drug’s narrow treatment window.

Inadequate dosage may result in ineffective
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treatment and heightened clotting risks,
while excessive consumption may induce
life-threatening bleeding. Regular INR blood
tests are crucial to assessing treatment
effectiveness guiding physicians in adjusting
individual dosages. While warfarin is undeniably
valuable, its use entails considerable risks
from the medication, patient factors, and
healthcare service systems. Regular monitoring,
education on proper drug use, and behavioral
guidance are particularly crucial for the elderly
within this patient group to ensure optimal
treatment outcomes and safety. But there
are still problems with how things work. For
example, there isn’t a good way to make
appointments for patients, lab results that
aren’t normal aren’t being checked properly,
and there aren’t any clear identification tools
for warfarin patients or a full list of drugs that
interact with warfarin in Thai hospital clinics.
The existing warfarin clinics in Thailand
predominantly rely on face-to-face interactions,
with pharmacists providing counseling and
guidance and utilizing the Line Application
to track INR values and dispense advice.
While applications have been developed for
medicine reminders and basic management
advice, they fall short in addressing the intricate
issues associated with medication use in the
elderly. Therefore, incorporating technology
and innovative tools into medication
management is pivotal to enhancing health
outcomes, reducing adverse drug events, and
establishing standardized practices in the care

of elderly patients.

Considering the aforementioned
reasons, the researcher has conceived the
idea to create a mobile phone application
tailored for elderly individuals utilizing warfarin.
The proposed innovation seeks to enhance
effective warfarin management by allowing
users to regulate their INR levels and monitor
potential adverse events from drug usage. The
application facilitates consistent adherence
to healthcare provider recommendations,
enabling users to adjust warfarin dosage
according to the treatment plan, link patient
information systems with families, and access
individual health information. This ensures
accurate medication intake in terms of
dosage, quantity, and timing, while maintaining
optimal drug properties. The research team
has selected Sakon Nakhon Hospital for
its leadership in collecting patients’ data,
warfarin information, and enrolling in the
warfarin platform, as it aptly represents
hospitals under the Ministry of Public Health.
The hospital’s warfarin administration system
and network closely mirror those of other public
health facilities, enabling seamless integration
with the Ministry of Public Health’s network.
Upon completion of the research plan, the
developed applications and websites can
be expanded to enhance the capabilities of
existing Warfarin clinic service systems. Espe-
cially in the critical context of the COVID-19
outbreak, this initiative aims to improve health

outcomes for patients using warfarin.

Consequently, the primary objective
of this research is to develop a warfarin

management service, Warfarin Care, that
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aims to facilitate the monitoring and
administration of warfarin usage among elderly
individuals. It is designed to empower elderly
patients with knowledge about warfarin usage,
promote collaboration in medication intake,
and ensure self-care while using warfarin under
supervised support. This platform relies on
the aid of family members and coordinates
with nurses and pharmacists, all guided by
consultations from cardiovascular physicians.
The application is for elderly warfarin users,
with the dual purpose of reducing the
occurrence and severity of medication errors
and establishing a warfarin medication
management and monitoring website for
medical personnel. This Warfarin Care will
assist medical personnel in monitoring the
medication-taking behavior of elderly individuals,
contributing to enhanced patient safety and
overall well-being.

2. Related Work

Presently, healthcare systems globally
are placing significant emphasis on the
integration of digital technology and health
innovations to enhance the efficiency of
various components within the health system.
Though our research topic mainly focuses on
Warfarin’s web-based application for effective
medication and monitoring for older adults
patients and medical personnel, relevant
research on Warfarin’s digital technology was
not provided. On related surveillance and
healthcare management systems, systems
have been introduced to monitor and assess

the risk of various diseases. In United States

(US) healthcare’s dynamic landscape, the
American Hospital Association (AHA) urges
Congress to establish a lasting regulatory
framework for enduring telehealth accessibility
(American Hospital Association, 2021). Aligned
with this, a report on COVID-19’s impact
supports sustained policy changes for
telehealth, emphasizing expanded care
access and reduced disease exposure
(Koonin et al., 2020). The eHealth system,
a transformative tool connecting service
providers and recipients, proves beneficial
in Australia’s Hospital in the Home models,
reducing readmission risks and costs (Brown
et al., 2023, Amar, April, & Abran, 2024).
Meanwhile, the pervasive use of mobile
devices, defined by the WHO as Mobile Health,
contributes significantly to healthcare delivery
through innovative apps (Leavy, 2019; World
Health Organization, 2020). Mobile health
industry growth, exemplified by over 318,000
health apps in 2018, which benefit from global
connectivity (Leavy, 2019). In developing
nations, internet and mobile technology
adoption, even among low-income households,
provides a unique opportunity to bridge
healthcare accessibility gaps (World Bank,
2016). This highlights mHealth’s potential

to connect isolated regions cost-effectively.

In the context of Asian healthcare,
Singapore emerges as a key player, with
its prioritization of eHealth and innovative
healthcare approaches. Insights from the
European Commission’s report highlight
Singapore’s globally recognized strategies

and tools, showcasing the potential impact



Warfarin Care: Warfarin Management System for Older Adults
Narit Hnoohom et al.

215

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

of well-implemented eHealth programs,
emphasizing the importance of addressing
barriers and understanding user perspectives
(European Commission, 2018). In India,
studies unravel the transformative potential
of Online Health Communities, technological
integration in education, and evidence-based
approaches for a more effective healthcare
system (Kalra, Taneja, & Singhal, 2023; Kant
Pal et al., 2023; Kumar et al., 2023). In Japan,
a cross-sectional study on eHealth literacy
among nursing students emphasizes the
need for addressing low perceived eHealth
literacy, providing valuable insights for nursing
educators (Tanaka et al., 2020). In the dynamic
landscape of eHealth research in Southeast
Asia (SEA), a comprehensive bibliometric
review reveals exponential growth, emphasizing
the escalating demand for eHealth in Indonesia,
Malaysia, Singapore, and Thailand. While
eHealth needs comprehensive guidelines
adaptable to local contexts, Singapore stands
out for its inclusiveness (Lwin, Punnakitikashem,
& Thananusak, 2023; Sabrina & Defi, 2021). In
the pursuit of healthcare transformation in
Vietnam, studies focus on patient-centered
care and eHealth challenges. The evaluations
highlight the need for strategic interventions to
overcome challenges caused by government
efforts (Dang et al., 2021; Nguyen et al., 2013).
Similarly, Indonesia’s exploration of eHealth
implementation in Surabaya Municipality
identifies persistent obstacles and opportunities
for improvement, emphasizing the crucial
role of government commitment (Kusumasari,
Setianto, & Pang, 2018). Together, these

studies contribute valuable insights into shaping
patient-centric healthcare models, overcoming
challenges, and guiding effective eHealth

interventions in diverse Asian contexts.

In Thailand, the “eHealth Strategy
- Ministry of Public Health (2017 - 2026)”
outlines Thailand’s vision for leveraging
information and communication technologies
(ICT) in healthcare (Ministry of Public Health,
2017). The strategy focuses on improving
patient care, supporting clinical practice and
service management, and fostering research
and policy through electronic health records.
Challenges include the need for digital skills
among healthcare personnel and public
understanding of eHealth, emphasizing the
goal of a robust eHealth strategy by 2021.
The eHealth Open Data Platform serves as a
centralized hub for health information from
hospitals and patients, accessible digitally
through websites and mobile applications.
This platform includes crucial details such
as a list of medicines received, drug allergy
information, and laboratory test results for
specified items. Furthermore, it facilitates
the dissemination of various information to
medical personnel, contributing to a more
interconnected and responsive healthcare
system. In order to assist patients and the
elderly with knee issues during the physical
therapy session, the knee joint muscle
measurement application (Pintusirakun et
al., 2023) was created. The gyroscope sensor
recorded movement signals that were utilized
to record leg movement degree, duration

of treatment, and postures used in physical
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therapy exercises. After ten participants tried
the equipment, the results showed that, with
a satisfaction rating of 3.95, people in their
20s were content with the knee joint muscle

measurement instrument for physical therapy.

In the pursuit of advancing eHealth
service systems and applications for medicine
management, several noteworthy initiatives
stand out. Notably, the medication reminder
application utilizing Optical Character
Recognition (OCR) for reading medicine labels
demonstrated high user satisfaction,
emphasizing the efficacy of systematic drug
storage and adherence efforts (Lin et al,,
2013). Thai question-answering systems for
diabetes employed advanced methods like
Cosine, Dice, and Jaccard, with the cosine
method achieving a remarkable precision
value of 92.50 percent (Chamnanhan et al,,
2023). The ST-Med-Box system integrated deep
learning methods, providing a comprehensive
drug recognition system with a mobile
application and cloud management platform,
contributing to enhanced medication
adherence and management (Chang et
al., 2019). Additionally, the AppG health
application’s clinical trial showcased improved
outcomes in warfarin administration, with fewer
bleeding events and lower weekly doses in
the experimental group compared to the
control group (Moraes, Winkelmann, & Colet,
2022). Another study employing the Alfalfa
application during the COVID-19 outbreak
emphasized the efficiency and safety of online
warfarin management, further underscoring

the positive impact of digital solutions in

healthcare (Jiang et al., 2022). These diverse
applications exemplify the transformative
potential of eHealth technologies in medicine
management, providing valuable insights for
future innovations and improvements in patient
care. Additionally, Tang et al. (2023) explored
Japanese consumers’ attitudes toward the
digital transformation of over-the-counter
(OTC) medicine purchase behavior, finding
a preference for a hybrid digital experience
design. The study highlighted a positive
association between eHealth literacy and
digital behaviors in OTC medicine information
acquisition, emphasizing the evolving role of
digital platforms in medicine management.
The “Kinyalaew” application was developed
for elderly individuals with chronic illnesses
(Hnoohom, Yuenyong, & Chotivatunyu, 2018).
This application provides notifications and
knowledge about taking medicine for elderly
patients with general chronic diseases, lacking
specificity for those taking warfarin. While
there is no dedicated website for managing
and monitoring warfarin use in Thailand,
a hospital information exchange website has
been developed (Jirapanthong, 2016). This
website facilitates cooperation and information
sharing among hospitals and organizations,
supporting various services. The research aims
to explore the use of computer technology to
enhance health services in Bangkok, conducting
a survey of health services in hospitals
and analyzing the attitudes and abilities of
medical students and doctors. The objective
is to provide recommendations on website

services that support health services. A case
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Table 1.  Literature review of eHealthcare.

Topics Overview of the studies Author Country
Healthcare  Telehealth impacts on emergence of the Pandemic. Koonin et al. us
Land-scape (2020)

Improving of Home-based care using virtual care tech-nology.  Brown et al. Australia
(2023)
Quality improvement of shared clinical data by struc-turing  Amar, April, & Canada
and mapping using Fast Healthcare Interopera-bility Resources.  Abran (2024)
Asian Leading Singapore eHealth policies and activities. European Singapore
eHealth- Commission
care (2018)
Dynamics . . L . . .
Transformative potential of digital health platforms in  Kalra, Taneja, & India
empowering patients. Singhal (2023)
The integration of digital technologies for its trans-formative  Kant Pal et al. India
potential, contributing to a more dynamic and engaging (2023)
educational experience.
Health payment system solution for student health after Kumar et al. India
pandemic through health technology assessment. (2023)
Cross-sectional study to explore the perceived eHealth Tanaka et al. Japan
literacy and learning experiences among Japanese (2020)
undergraduate nursing students.
Japanese consumers' behavior and correlation toward the  Tang et al. (2023)  Japan
digital transformation of over-the-counter medi-cine purchase.
The exponential growth of demand for eHealth in SEA. Lwin, SEA
Punnakitika-shem,
& Thananusak
(2023)
Review of telemedicine guidelines in SEA. Sabrina & Defi SEA
(2021)
Opportunities, challenges, and necessary conditions for Dang et al. (2021)  Vietnam
Vietnam in digital transforming for patient-centered care
model.
Challenges of the implementation of e-Health in Sura-baya Kusumasari, Indonesia
Municipality, Indonesia. Se-tianto, & Pang
(2018)
Knee joint muscle measurement application for physi-cal ~ Pintusirakun et al.  Thailand
therapy treatment. (2023)
eHealth Influential factors on medicine usage in older adults. Rafhi et al. (2023)  Australia
with Aging I ing of eHealth platform f d soci DEPA (2023) Thailand
Population ntegrating of eHealth platform for aged society. 023 ailan
Influential factors on eHealth utilization behaviors among  Wongkampun & Thailand

older adults in Bangkok.

Pani-trat (2023)
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study focused on patients with cardiovascular
disease, creating a prototype website to
simulate the use of computer-based equipment
to support clinic operations. The results show
satisfaction with the website’s use in various
scenarios. The CLIPS language was utilized to
create an expert system for warfarin dosing
management, achieving 100% accuracy in the
evaluation with positive feedback (Olomu et
al., 2018). Simultaneously, surveyed warfarin
patients, particularly younger individuals with
internet access, show interest in using mobile
devices for improved communication with
healthcare providers, indicating the potential
benefits of an online or mobile application

in enhancing care quality (Sratthaphut, 2015).

As the global population ages, the
nuanced interplay of social and individual
factors in medication use among older adults
becomes a focal point in healthcare research,
as evidenced by the study conducted by
Rafhi et al. (2023) in Australia. The research
with 24 participants sheds light on diverse
perspectives on medicine use, uncovering
varying scores on factors like BMQ necessity,
specific concerns, general overuse, and
suggested general harm. A prevalent belief
emerged that medicines might pose more
harm than good, underscoring the complexity
of prescription practices among older adults
and emphasizing the crucial role of individual
experiences and trust in prescribers in influencing
medication adherence. Simultaneously,
Thailand actively addresses the challenges
posed by an aging society, with the eHealth
Open Data Platform poised to play a pivotal

role (DEPA, 2023). Projected to be fully
operational by 2021, the platform facilitates
seamless access to health records for older
adults, integrating with wearable devices
for continuous health monitoring. This
collaborative effort between the public and
private sectors aligns with global trends in
digital health technologies, representing a
significant stride toward establishing a digitally
enabled healthcare ecosystem in Thailand. In
Bangkok Metropolitan, study of Wongkampun
& Panitrat (2023) exploring factors influencing
Health Information Technology Utilization
Behaviors (HITUB) among older people
underscores the importance of tailored
activities and collaborative efforts involving
family, friends, healthcare professionals, public
health service centers, and local communities.
These studies collectively provide valuable
insights into addressing the multifaceted
challenges and opportunities associated with
medication use and healthcare technology

adoption among the elderly.

3. Materials and Methods

3.1 Warfarin Care

The knowledge and expertise in
treating patients in the warfarin clinic was
applied from the Sakonnakhon hospital for
the elderly who use warfarin in using the
application and for medical personnel in using
the website. The application and website will
allow us to expand the scope of care and
monitoring for the elderly and to achieve

maximum treatment results and safety.
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Figure 1. User flow diagram for Warfarin Care.

Warfarin Care was composed of a Warfarin
application for the elderly and a Warfarin
monitoring website for medical personnel.
The warfarin application acted as a reminder
and knowledge for the elderly and caregivers
or family that use warfarin to understand and
be conscious of the importance of warfarin

correct usage. While the website will serve

as a medium for medical service providers
to track the medication intake and treatment
history of each elderly patient, medical
personnel can update and send information
about treatment, precautions, and medication
adjustments as appropriate for each patient’s

condition.
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The application is a medium for
patients and caregivers to receive information
or follow up on treatment, including
sending a preliminary risk assessment to
medical service providers to receive timely
treatment. The application and website consist

of three types of users:

1. Medical personnel user: the user
responsible for controlling and
accessing all data to analyze and

treat patients via the website.

2. Patient user: the elderly user for
receiving information on taking
medicine and sending information
on taking warfarin and symptoms
that may be at risk from taking

warfarin via application.

3. Caregiver/patient’s family user:
the user who receives information
on medication and treatment and
risk assessment from connected
elderly users to monitor patients

via application.

In Figure 1, which illustrates the work-
flow diagram of Warfarin Care, the users will
consist of three types of users, as mentioned
in the previous paragraph. The diagram shows
the in-depth information about the Warfarin
Care process between each user. The medical
personnel mainly provide medicine information
and track elderly user data, which creates
medication and risk information via application.
While caregivers are tracking elderly data to
provide safety action in case of emergencies.

Warfarin Care can provide user connections

to collect all information so that users,
including medical personnel, service providers,
patients, or caregivers, can access information
efficiently and communicate across devices.
The website can access information and make
analysis of patient information, including
treatment history, history of taking medicine,
and risk assessment. The application system
will have access to self-information, including
treatment history, history of taking medicine,
risk assessment, and risk assessment history.
By doing a risk assessment or updating the
medicine interactions list and medicine taken
confirmation, patient information will be
recorded and displayed on both the website
and application. The website and application

are composed of six main functions, which are:

1. user data authentication
and configuration: user data
authentication and configura-
tion are integral parts of creating
a secure and personalized user
experience. Authentication ensures
the security of the system by
confirming the identity of users,
while configuration allows users

to set their preferences.

2. medication treatment of patients:
the medication treatment of
patients is a vital component of
healthcare, aiming for diagnosis,
monitoring, and medical records.
The medical personnel were the
information providers to keep

track of warfarin patients and
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update medication data on the
Warfarin Care website, as elderly
patients and their families could
acknowledge the data given by
medical personnel through an

application.

warfarin prescription and taken
records of patients: the medical
personnel provided medication
dosage prescription and medication
schedule to keep track of warfarin
patients through the Warfarin Care
website, as elderly patients and
family used applications to confirm
warfarin taken, as warfarin needed
specific dose and time intake to
maintain INR value. The warfarin
prescription can be updated via
the website, as patients might
show signs and symptoms of
important blood-related

conditions or a heart attack.

risk assessment and history
records, as warfarin was known
to exhibit interactions with
various foods and medications.
The website provided a risk
assessment questionary (Tomaselli
et al., 2020) for medical personnel
to adjust and confirm a list
of risk assessments such as
blood-related conditions, heart
attacks, or medicine interaction
questions for the application’s

users. While the elderly users were

able to submit assessments to
evaluate preliminary assessments
of warfarin effects via application,
the risk assessment resulted in high
risk, and no warfarin confirmation
after 12 hours will be reported
to medical personnel.

warfarin knowledge data contents:
The website provides a content
editor page for medical personnel
to later add or edit warfarin
knowledge for patients. Patients
can directly access the warfarin
knowledge content list through
the warfarin knowledge section

of the application.

Medical interaction data: The
website provides lists of foods
and medicines that may interact
with warfarin intake; these include
vitamin K-rich vegetables, specific
fruits, alcoholic beverages,
cicarettes, traditional medicine,
herbal supplements, antibacterial
medications, and other biocidal
drugs. Non-Steroidal Anti-
Inflammatory Drugs (NSAIDs) are
crucial to avoid, as this combination
heightens the risk of severe
bleeding. Patients can directly
access the warfarin interaction list
through the warfarin interaction
section in the application, as the
elderly can add medicine or food

to the warfarin interaction lists
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that had to be taken. The
medical personnel can visualize
the list on the website and provide

proper prescriptions to patients.

From Figure 2, the Warfarin Care
had been designed to share the database to
connect data across devices. The FastAPI
was used to create a RESTful API to retrieve
or send information from the PostgreSQL
database and file storage. The website
contained a user interface for visualized data to
medical personnel users on a secured website,
with a socket.io library to control notification
of the website between the client and the
server. While the application contained user
interfaces for Android and iOS applications
using the React Native framework. Firebase
cloud messaging was in charge of controlling
the notification service to send notifications
to application users. As the application was
designed for elderly patients, it helped with
potential challenges such as decreased
eyesight and hearing. The application provided
readable text by using clear and legible fonts,
maintaining a high contrast between text and
backeround, a simple application layout by
utilizing intuitive and large icons with text
labels to enhance understanding of the
function, touch-friendly buttons, and interactive
elements. The website and application
language and contents appropriation were
adjusted and confirmed by five medical experts
with clear and easy-to-understand language.
The risk assessment and warfarin knowledge
data contents can utilize the “TalkBack” or
“VoiceOver” service on mobile devices to

read the contents shown in the application.

3.2 Data Analysis

3.2.1 Data collection and

measurement setting

The research questionnaire is
prepared to evaluate an application for
elderly people who use warfarin by
conducting a closed-ended questionnaire
where the respondents fill out the details
in the questionnaire and follow the choices
given. The study population is a group of
elderly patients and family members from
a total of 60 cases, with 30 elderly patients
and 30 family members or caregivers, as the
sample receiving treatment in the outpatient
department of Sakonnakhon Hospital.
An area for collecting data is distributing
questionnaires by oreanizing activities for
volunteers to test the use of the application
for elderly people who use warfarin and making
60 questionnaires to collect research results.
The participants had been assigned to use
the application for four weeks as a warfarin
reminder, warfarin taken history, medication
treatment, medication appointment, risk
assessment questionnaires, warfarin interaction,

and warfarin knowledge contents.

Information used in the study
process includes data preparation, data
collection Data analysis, interpretation,
and conclusion include primary data. It is
information collected directly from the source.
By using a closed ended questionnaire, data

was collected on the sample population.
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Figure 2. System diagram of Warfarin Care.

3.2.2 Data analysis interpretation

The researcher has set the

statistical values for data analysis, describing

the variables of this study as follows:

1.

1.1

Analysis with descriptive statistics:
the researcher has taken all the
questionnaires and examined
them. Analysis was performed
using descriptive statistics to
explain the results of the study

in the following areas:

Some of the sample characteris-
tics variables are age and gender.
These are nominal measures
because they can only describe
the number of samples based
on their properties and not their
values. Therefore, appropriate
statistics are frequency values and
percentage values (Vanichbuncha,
2007).

1.2 Opinion level variables include
satisfaction and behavior about
perceived benefits from the
application, divided into two

sections consisting of:

® user satisfaction in knowledge on
the use of warfarin, confidence
in using warfarin, taking medicine
correctly, risk of adverse warfarin
reactions management, risk of
adverse reactions knowledge from
the use of warfarin, and medical
personnel can track medication

from patients.

® user satisfaction in using the
application, including factors
such as informative content, user
interface design, use of language,

usability, and appropriateness.
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The questionnaire is a closed-ended
question consisting of sub-answers divided
into five levels using a rating scale and giving
each level a score from the lowest score of 1
to the highest score of 5. The statistics used
are frequency, mean, and standard deviation
(Vanichbuncha, 2007).

The questionnaire results were used to
calculate floor values for data interpretation
by determining the range of data to be
interpreted. The calculation formula and
explanations for each grade level are as

follows:

(maximum-minimum) ( 1 )

Floorvalue =
floors

Floor = % =0.80

Range interpretation can be concluded

as:
® 1.00 - 1.80 : Disagreed
® 1.81 - 2.61 : Slightly disagreed
® 2.62 - 3.42 : Moderate
® 343 - 14.23: Slightly agreed
® 4.24 - 5.00 : Agreed

4. Experimental Results

4.1 Warfarin Care

Warfarin Care had been developed
to create communication between medical
personnel and elderly patients taking warfarin
through a website and application. The
website provided information about correct
usage of warfarin, medicine interactions,
or risk assessment criteria for receiving
warfarin and notified medical personnel users
when patients submitted a risk assessment
at high risk. Figure 3 shows the risk
assessment submitted by the elderly patient.
The website provided high-risk notifications
such as blood-related conditions, heart
attacks, or medicine interaction questions,
and no warfarin confirmation after 12 hours
will be reported to medical personnel. The
medical personnel can visualize the details of
a certain notification, as shown in the image

on the right side.

Figure 4 shows the interfaces of the
Warfarin Care website for medical personnel

and applications for patients and caregivers.

000vuwuowyw

Figure 3. User interfaces of Warfarin Care website for medical personnel.
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Figure 4. User interfaces of Warfarin Care application for patients and caregivers.

The main page, warfarin knowledge data
contents, and medical interaction data,
respectively. Patients can directly access the
warfarin knowledge content list through the
warfarin knowledge section and can access
the warfarin interaction list through the
warfarin interaction section in the application,
as the elderly can add medicine or food to
the warfarin interaction lists that had to be
taken. The medical personnel can visualize
the list on the website and provide proper

prescriptions to patients.

4.2 Data Analysis

In this section, we presented the
outcomes of an investigation into user
satisfaction with the Warfarin Care application,

focusing on various facets such as knowledge

acquisition, confidence levels, guidance, risk
awareness, and support for anticoagulation
medication adherence. The utilization of
mean and standard deviation as analytical
tools offered a thorough examination of user

sentiments.

4.2.1 Analysis interpretation of the
elderly satisfactory

In this section, the study presents the
findings of an examination of the personal data
of elderly individuals, including age, gender,
and marital status. The data is elucidated
through frequency and percentage values.
The results show that the majority of the 30
participants who took the test and completed
all 30 assessments fall within the age range of
60-69 years (46.66 percent), then 70-79 years
(36.66 percent), 80-89 years (13.33 percent),
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Table 2.

Satisfaction in using the application among the elderly group that affects

the benefits received from the application and the use of the application by

the elderly group that affects the usability and suitability received from the

application.
Satisfaction with using the application Warfarin Care X S.D. Interpretation
and the benefits received from the application

Have knowledge about the use of anticoagulants. 4.60 0.56 Agreed
Gain confidence in using anticoagulants. 4.66 0.55 Agreed
Take medicine correctly, both in dosage and time. 463 0.56 Agreed
It helps with the use of anticoagulants according to the treatment plan.  4.76 ~ 0.50 Agreed
Know the guidelines if there is a risk of adverse reactions from 4.63  0.56 Agreed
medication, such as easy bleeding or blood clots in important organs, etc.

Reduce the risk of adverse reactions from the use of anticoagulants. ~ 4.70  0.47 Agreed
Family members are aware and encourage the use of anticoagulants  4.83  0.38 Agreed
according to the treatment plan.

It helps health team personnel track medication uses by patients. 473  0.45 Agreed
Appropriate content 4.63 0.56 Agreed
Good user interface design 4.60 0.62 Agreed
The media and content language are easy to understand. 4.67 0.55 Agreed
The application is convenient to use and not complicated. 447  0.68 Agreed
Overall use and suitability of the Warfarin Care application. 457  0.57 Agreed

and over 90 years (3.33 percent). Regarding
gender, the majority are women, accounting
for 53.30 percent, while men account for 46.70
percent. Regarding gender, the majority are
women, accounting for 53.30 percent, while
men account for 46.70 percent. The study
also categorizes participants by marital status,
revealing that the majority are married (66.60
percent), with 30 percent being widowed and

3.33 percent single.

In the next section of the questionnaire,

the study focuses on evaluating user

satisfaction with the Warfarin Care application
in terms of awareness and support for using
warfarin medication through the application.
Utilizing mean and standard deviation values
to analyze the data, Table 2 shows that
participants are most satisfied with being
aware of and getting help with taking their
warfarin medications as prescribed, which is
in line with the treatment plan. The mean
score is 4.83 with a standard deviation of 0.38,
indicating the highest level of satisfaction.
The patients have gained knowledge about

the use of anticoagulants with an average of
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4.60 and a standard deviation (S.D.) of 0.56;
on-time medicine taken; and understanding
guidelines for the risk of adverse reactions
from medication with an average of 4.63 and
a S.D. of 0.61; family members are aware of
and encourage the use of anticoagulants
according to the treatment plan, with an
average of 4.83 and a S.D. of 0.38; and Warfarin
Care can help health team personnel track
medication use by patients with an average
of 4.73 and a S.D. of 0.45. Simultaneously,
the presentation of data on application

usage and user suitability in terms of language

Table 3

communication reveals the highest satisfaction
level with easy-to-understand language
communication. The mean score is 4.67 with
a standard deviation of 0.55, indicating the

highest level of satisfaction.

4.2.2 Analysis and interpretation
of the family members or caregivers
satisfactory

In this section, the study presents
findings related to the personal data of relatives
of elderly participants, including details such

as age, gender, and familial relationships. The

Satisfaction in using the application among the family members or caregiver

group that affects the benefits received from the application and the use of the

application by the elderly group that affects the usability and suitability received

from the application.

Satisfaction with using the application Warfarin Care X S.D. Interpretation
and the benefits received from the application

Have knowledge about the use of anticoagulants. 470 0.53 Agreed
Gain confidence in using anticoagulants. 460  0.56 Agreed
Take medicine correctly, both in dosage and time. 470 053 Agreed
It helps with the use of anticoagulants according to the treatment plan.  4.67  0.55 Agreed
Know the guidelines if there is a risk of adverse reactions from 4.67  0.61 Agreed
medication, such as easy bleeding or blood clots in important
organs, etc.
Reduce the risk of adverse reactions from the use of anticoagulants.  4.60  0.62 Agreed
Family members are aware and encourage the use of anticoagulants ~ 4.67  0.55 Agreed
according to the treatment plan.
It helps health team personnel track medication uses by patients. 463 056 Agreed
Appropriate content 4.63 052 Agreed
Good user interface design 460  0.66 Agreed
The media and content language are easy to understand. 4.67  0.58 Agreed
The application is convenient to use and not complicated. 447  0.78 Agreed
Overall use and suitability of the Warfarin Care application. 457  0.61 Agreed
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analysis involved the use of frequency and
percentage values. A total of 30 participants
participated in the assessment, resulting
in the completion of thirty evaluations.
The outcomes highlight that the majority of
respondents fall within the age range of 20-29
years, constituting 23.33 percent. Furthermore,
participants aged 30-39 years account for 20.00
percent, those aged 40-49 years make up
33.33 percent, individuals aged 50-59 years
represent 16.66 percent, and those over
70 years comprise 3.30 percent. Regarding
gender distribution, the study indicates that
the majority of respondents are female,
making up 63.30 percent, while males
constitute 36.70 percent. Further categorization
of the elderly participants’ relatives based on
familial relationships reveals that the majority
of respondents are children, representing 70
percent. Other relationships include spouses
(6.70 percent), siblings (16.70 percent), and

sons-in-law (6.70 percent).

The study presented the results
of user satisfaction with the Warfarin
Care application concerning knowledge,
confidence, guidelines, risks, and support
for using anticoagulant medication through
the application. The chosen analytical tools
for this assessment include the calculation
of the mean and standard deviation. The
summarized findings are detailed in Table 3.
With a mean score of 4.70 and a standard
deviation of 0.53, the Warfarin Care application
has the highest level of satisfaction when it
comes to the benefits of learning about how

to use anticoagulant medications and the right

way to take them, including the right dosage
and timing. The family members know more
about anticoagulants and make sure they
take their medicine on time (with an average
score of 4.70 and a standard deviation of 0.53)
and understand the risk of bad reactions to
medications (with an average score of 4.67
and a standard deviation of 0.61). The family
members also know and encourage the use
of anticoagulants according to the treatment
plan (with an average score of 4.67 and a
standard deviation of 0.55), and Warfarin
Care can help health team members keep
track of medication use. Additionally, the
study examines user satisfaction with the
Warfarin Care application in terms of usage
and appropriateness among participants. The
analysis results show the highest satisfaction
levels with content suitability and easy-to-
understand language communication, with a
mean score of 4.73 and standard deviations
of 0.52 and 0.58.

5. Conclusion

5.1 Summary of Warfarin Care

Warfarin Care represents a crucial
advancement in digital healthcare technology
tailored to the specific needs of the elderly
population using warfarin. By facilitating
efficient communication and information
exchange among medical personnel, elderly
patients, and their caregivers, the application
and website aim to reduce medication errors
and enhance overall treatment outcomes.
The user-friendly interface, rigorous content

evaluation, and shared database architecture
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demonstrate a thoughtful and comprehensive
approach to addressing the challenges
associated with warfarin usage. Warfarin
Care’s impact on achieving its objectives is
evident in the successful integration of risk
assessment, medication history, and knowledge
of warfarin usage. The application serves as
a medication reminder and educational tool,
fostering a better understanding of proper
medication behavior. Medical personnel
benefit from real-time access to patient data,
enabling them to make informed decisions

and provide timely interventions.

However, it’s essential to acknowledge
certain limitations. Warfarin Care’s effectiveness
heavily relies on user adherence and regular
engagement, which might vary among elderly
users. Additionally, factors such as technological
literacy and access to smartphones or tablets
may influence the user’s reach. Ongoing
efforts should be directed toward addressing
these limitations, potentially through user
training programs or alternative communication
channels. Additionally, the Warfarin Care
application did not offer notification sounds,
real-time pop-up notifications, or medicine
confirmation services to alert the elderly to
confirm medication intake, even though us-
ers were required to do so by navigating to

specific application pages.

In conclusion, while Warfarin Care
has showcased promising potential toward
maximizing its impact, it requires an ongoing
commitment to refinement and adaptation.

Warfarin Care can contribute significantly to

the advancement of anticoagulant therapy
management for the elderly. This commitment
ensures that Warfarin Care remains a relevant,
effective, and sustainable tool for both
patients and healthcare providers in the

dynamic landscape of digital healthcare.

5.2 Summary of the Analysis of
Usage Data of the Users

In conclusion, the comprehensive
analysis of usage data for both elderly individuals
and their caregivers or relatives regarding the
Warfarin Care application yielded insightful
findings from this clinical trial. Among the
elderly participants, the majority, particularly
those aged 60-69 years, demonstrated a high
level of satisfaction with the application’s
features, emphasizing its effectiveness in
promoting awareness and supporting
adherence to anticoagulation medication.
The caregivers or relatives, predominantly
falling in the age range of 40-49 years, also
expressed significant satisfaction, particularly
in terms of the application’s contribution to
knowledge, confidence, and guidance related
to anticoagulation medication. Furthermore,
overall user satisfaction with the application’s
language communication and content
appropriateness was notably high, highlighting
its user-friendly nature. These findings
collectively underscore the positive impact
of the Warfarin Care application on both
elderly users and their caregivers, emphasizing
its effectiveness in enhancing knowl-
edge, confidence, and support for proper

medication adherence.
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6. Discussion

Expanding on further research, A
comprehensive longitudinal study could
provide valuable insights into Warfarin Care’s
effectiveness over an extended period of time.
This includes assessing whether improved
adherence to warfarin regimens translates
into better health outcomes for the elderly
population, such as reduced incidences of
adverse events or hospitalizations related to
anticoagulant therapy. Warfarin Care’s user
experiences and insights can inform iterative
improvements, ensuring that Warfarin Care
remains responsive to the evolving needs

and preferences of its diverse user base.

The traditional practice of nurses and
pharmacists making phone calls to monitor
patients’ medication adherence can be
streamlined through the implementation of
a dedicated mobile application. The medical
team has expressed approval of this approach
through its website and application. Notably,
patients’ knowledge regarding medications
and dietary considerations has significantly
improved through the use of the application,
which is curated based on information
provided by medical personnel. Moreover, the
involvement of family members in facilitating
medication adherence has been instrumental.
Users agreed that the use and suitability of
the Warfarin Care application had an average
of 4.57 and a S.D. of 0.57 from elderly users
and an average of 4.67 and a S.D. of 0.61 from
caregivers or family members. Incorporating

user feedback mechanisms, perhaps through

user surveys, focus groups, or usability testing,
will enable developers to identify areas for
enhancement and address any emerging

challenges promptly.

Additionally, staying attuned to
emerging technologies and healthcare trends
is paramount for the sustained success of
Warfarin Care. The field of digital healthcare is
dynamic, with innovations and advancements
occurring regularly. Integrating these developments
into Warfarin Care’s service, such as incorporating
artificial intelligence for personalized risk
assessments or leveraging wearable devices
for real-time health monitoring, can enhance

its capabilities and overall impact.
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equipment found primarily in large hospitals. The challenges
posed by the COVID-19 outbreak further hinder access to such

evaluations. This study proposes the development of a Virtual

Reality (VR) application designed to measure neck movement
range, enabling users to self-administer assessments under the
guidance of the VR application. The VR application development
process commences with storyboard creation, all components
were designed and creates models object using Blender. The
development of VR applications for angle measurement follows
the storyboard, was executed using the Unity program. Prioritizing
user satisfaction, the application capitalizes on the proven accuracy
and reliability of VR devices. Usability experimental focused on
user independence, with participants autonomously following
instructional videos. Noteworthy user satisfaction, reflected in an
average score of 4.36 + 0.52, underscores the potential of the VR

application in addressing neck pain symptoms. The study emphasizes
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meticulous design considerations, including
character and scene elements, aiming to
enhance user engagement and immersion in
the virtual environment. Users demonstrated
focused attention during the measurement

process, unaffected by external factors.

1. Introduction

Neck pain is a symptom caused by
defects in the cervical spine joints, neck
muscles, and shoulder blade muscles. It
is prevalent in the general population and
tends to increase annually (Guo et al., 2023).
Incorrect postures in everyday life have been
a long-standing cause of neck pain (Nainate,
2020). Individuals experiencing neck pain may
also encounter complications such as a fear
of movement, which can significantly impact
their daily lives. If neck pain becomes chronic,
it may lead to other future health issues, such
as rheumatoid arthritis, osteoporosis, etc.
(Sarig Bahat et al., 2018). Additionally, this
symptom can affect other mental illnesses,

such as stress-related disorders.

According to the Global Burden
of Disease (GBD) report, an estimated 124
million cases of neck pain increased worldwide
from 1990 to 2017 (Sarig Bahat et al., 2018).
Neck pain is a symptom that is commonly
attributed to musculoskeletal system and
connective tissue disorders. Many patients
suffer from the disease, which is ranked 3rd
out of 10 in the 2021 annual case report
by the Ministry of Public Health of Thailand
(Strategy and Planning Division. Ministry of
Public Health, 2019). According to studies on

the prevalence of neck pain at the Faculty of
Medicine, Chiang Mai University, and medical
colleges in Malaysia, 65% of personnel and
1% of students, respectively, experienced
neck pain from long periods of computer
use (Punwaree, Klaphajone, & Kovindha,
2009; Alshagga et al., 2013). In 2011, a study
at Thammasat University found that 46% of
undergraduate students between the ages of
18 and 25 had neck pain (Kanchanomai et al.,
2011). Subsequently, a study at government
health facilities in Yala Province, Thailand,
found that a total of 136 people had neck,
back, or shoulder pain (Ahmadmusa, 2020).
Today, neck pain is the most common health
problem among students in the 4th and 5th
years of the Faculty of Allied Health Sciences
at Naresuan University (Lertsinthai et al.,
2020). These studies suggest that neck pain
is a prevalent problem that can affect people
of all ages, from teenagers to working adults.
Therefore, neck pain treatment is crucial and

should be widely available.

Furthermore, the increasing number
of patients with neck pain has an indirect
impact on the economy because they must
stop working due to pain (Kazeminasab
et al,, 2022). The assessment of treatment
effectiveness involves the measurement of neck
deformity and movement, which necessitates
the use of cervical range of motion (CROM)
equipment, as shown in Figure 1. However,
CROM equipment is not only expensive but
also limited in availability, typically found
only in large hospitals. The challenges have
been exacerbated by the COVID-19 outbreak,
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further complicating access to evaluations
for neck pain utilizing such equipment in
hospitals (Parasate et al., 2022).

The medical field has adopted
virtual reality (VR) technology to treat the
symptoms of various diseases. VR head-
sets take users out of the real world by
immersing them in a simulated environment,
as shown in Figure 2. These VR headsets
contain sensors that can track various types
of movement, including head tracking,
which utilizes gyroscopes, accelerometers,
and magnetometers (Freeman et al., 2017).
The accuracy of these sensors has been
demonstrated in a study conducted by Xu
et al. (2015).

The VR Oculus Rift presents only a
slight degree of deviation when compared
to the motion tracking system (Xu et al,,
2015), and the VR device can be seamlessly
integrated with sensors on mobile phones
through the app. Furthermore, a study by
Chang et al. suggests that the measurement
of neck angles using a goniometer sensor
from a mobile phone is highly reliable (Chang
et al., 2019).

In 2021, Yan et al. (2021) concluded
that VR can still measure neck angles with
an expected deviation of no more than
2 degrees compared to measurements
with goniometers. Along with the accuracy
between VR and medical devices for measuring
the angle of neck movement such as CROM,
according to the Santos-Paz study, VR is still

very accurate, but the size of VR devices is

large and expensive (Santos-Paz et al., 2022).
Addressing this concern, Trinidad-Fernandez et
al. developed an application for the VR Meta
Quest 2 HMD device. They chose this device
due to its affordability, popularity, and excel-
lent quality and accuracy in measuring neck
angles (Trinidad-Fernandez et al., 2023). VR
applications for measuring neck movement,
as discussed in the above articles, typically

require expert guidance during usage.

Virtual reality (VR) applications de-
veloped for use with head-mounted displays
(HMD) are typically customized to suit the
specific application and intended purpose.
Tao et al. (2021) conducted a literature review
focusing on the design of VR applications
within the healthcare domain. They asserted
that effective VR application design enhances
user comprehension, leading to increased
user retention and repeated usage (Tao
et al., 2021). However, prolonged usage of
VR applications with HMDs can have adverse
effects on user health, including eye strain,
dizziness, and the potential for neck injuries.
Therefore, it is imperative for VR applications
to be meticulously designed to mitigate these

health-related concerns.

VR demonstrates high accuracy
and reliability when compared to medical
measurement devices. VR is becoming
exponentially more popular, and most people
are aware of this technology. Additionally,
the equipment used for measuring neck
movement angles, CROM is both expensive

and limited in quantity, often only available
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in larger hospitals. This means that a physical
therapist or specialist must be present while
using the equipment. COVID-19 has made
it even more difficult to access neck pain

assessment using such devices at hospitals.

This study aims to develop a VR
application for initial neck injury assessment,
leveraging the accuracy and reliability of
VR equipment. Therefore, the focus of this
research is on designing the application to be
user-friendly with the goal of achieving user
satisfaction. The application is designed and
developed for users to utilize independently,
aiming to alleviate the workload of experts
and the limitations of CROM devices.

2. Materials and Methods

2.1 VR Device

There are now several varieties of
VR technologies, which are grouped into
three categories (Heizenrader, 2023). Firstly,
Non-Immersive VR: this type of virtual reality
is often integrated into daily activities, such
as gaming on platforms like PlayStation.
Users may not be fully aware that they are
experiencing VR. While interacting with the
virtual environment through a screen, they
control characters without physically entering
the virtual world. Secondly, Semi-Immersive

VR: this category provides a 3D-viewable

Figure 1. Cervical Range of Motion (CROM)

virtual world. Users can manipulate the virtual
environment using a computer mouse, but
their body movements are not tracked and
replicated within the virtual space. Thirdly,
Fully Immersive VR: this is the most advanced
form of VR, offering users a complete and
immersive experience. Users can move their
bodies within the virtual world through motion
detection technology. High-resolution
head-mounted display (HMD) glasses and
various VR controllers are essential for optimal

vision and interaction.

In this study, we utilized fully immersive
VR through the PICO 4 VR device (PICO,
2023), which is conducive to application
development due to the availability of an
SDK (Software Development Kit) for creating
applications. The device is reasonably priced,
making it a cost-effective choice compared
to other VR models. Additionally, the device
boasts a balanced design where its weight is
symmetrically distributed towards the back.
This design facilitates prolonged usage as the
weight is concentrated towards the front only,
and a cushion supports the entire device, both
in the front and back, reducing discomfort
for the user. The PICO 4 weighs a light 350
grams and offers adjustable pupil distance

to accommodate individual user needs.

Figure 2. VR device (PICO 4)
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It also features tracking and positioning
sensors, including optical sensors on the
sensor board, an AKM Semiconductor three-axis,
six-axis MEMS gyroscope, and an accelerometer

from TDK-InvenSense.

2.2 VR Application Design

The VR application has been designed
to align with the process of measuring
neck pain levels using the CROM device, as

illustrated in Figure 3.

The initial phase of the physical
therapy assessment for neck abnormalities
involves the completion of a visual analog
scale questionnaire (VAS). This instrument
prompts the assessor to delineate their pain
level on a horizontal 10-centimeter line,
the parameters of which range from no pain
on the left end to excruciating pain on the
right, as illustrated in Figure 4. Subsequently,
the measurement of CROM device will be
conducted to quantify angles in six distinct

directions: Flexion, Extension, Right Lateral

Visual Analog Scale questonnaire
VAS,

Range of motion

H H Right rotation H Left rotation

Flexion H Extension H

Right lateral
fexion

Left lateral
flexon

Intraciass correlaton
coefficient | ICC

Flexion, Left Lateral Flexion, Right Rotation,
and Left Rotation. The data obtained from
both the VAS questionnaire and CROM device
are subsequently utilized to comprehensively

evaluate the assessor’s neck condition.

Furthermore, a well-designed VR
application has a positive impact on user
usability, reducing the occurrence of
discomfort during device utilization, such as
neck strain and eye fatigue from prolonged
VR usage. Deserver’s study (Park, Lee, & Ko,
2013) suggests that VR game design should
include a user guide to provide users with a
foundation and understanding of how the
game works for a more enjoyable experience.
Another interesting aspect of VR is its ability
to immerse users in a simulated reality,
creating a more engaging and realistic experience.
Therefore, based on the above conclusions,
our study designed a VR application featuring
a step for measuring neck pain levels in

alisnment with CROM device and designed

Visual Analog Scale questionnaire (VAS)
Pain level cuestionare for use in screening for rese

Resud

Date.

Figure 3. CROM procedure to measure
neck abnormalities

Figure 4. CROM procedure to measure
neck abnormalities



Measuring Neck Abnormalities for Preliminary Assessment of Neck...
Manatsawee Sidajan et al.

240

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

the internal environment to be interesting

and user-friendly.

Storyboarding is a crucial aspect of
application development as it provides a visual
representation of the application’s direction.
It allows for a comprehensive view of the
development path, showcasing the overall
picture of its progression. Moreover, it outlines
the work process in a step-by-step manner,
facilitating easy editing and incorporation of

additional components within the application.

In this study, the storyboard of the
application has been designed, comprising
key scenes as follows: user guidance, VAS

Table 1. Storyboard for VR application

measurement, measurement of CROM
in Flexion and Extension directions,
and measurement of CROM in Right Lateral
Flexion and Left Lateral Flexion directions.
The procedural steps for each scene adhere
uniformly to the guidelines derived from VAS
and CROM measurements, as outlined in
Table 1. Place tables at the top or bottom
of pages. Avoid placing them in the middle
of pages. Table heads should be above the
tables. Insert tables after they are cited in
the text. Use 9-point Calibri for Table labels
as shown in Table 1.

1. Introduction

Physical therapist

VR Application

Explain details about the process of assessing neck
pain levels.

Introduction

™ 00
Introducing the Application Functionality: Upon clicking

"Enter," a video showcasing the entire opera-tional
process, including equipment usage and necessary
user actions, will be displayed on the introduction
page. Additionally, users have the option to pause
and repeat the video for enhanced comprehension
and convenience.
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Table 1. Storyboard for VR application (cont.)

2. Visual Analog Scale questionnaire (VAS)

VAS

VR Application

In the process of utilizing VAS measurement, users
are instructed to mark symbols on a 10-centimeter
straight line on paper. The positioning of the mark
corresponds to the intensity of pain experienced
by the user at the specific moment of assessment.

The design for measuring pain levels involves a
horizontal straight line similar to VAS. Users can use
the controller to mark their pain level, following
the same conditions as VAS. After the user makes
their selection, an auditory signal will notify them
of the chosen pain level.

3. Measure the angle of neck movement in the directions of extension and flexion

CROM

VR Application

2

During the measurement process in this particular
direction, the assessor is seated and wearing the CROM
device. They are instructed to elevate and lower
their head while the physical therapist orchestrates
the movement to gauge the angle. It is imperative
for the physical therapist to initially set the starting
angle and posture to 0 degrees, ensuring consistency
across all measured directions. This meticulous ap-
proach is essential to prevent inaccuracies in the
subsequent measurements.

Design a central red dot, configuring angles to 0
degrees in all directions (%, y, z). Following this,
create a duck model to symbolize the user's head,
dynamically orienting itself based on the user's
head movements in all directions. The measure-
ment process includes integrating a guiding pipe
to demarcate the permissible range of movement,
directing users to maneuver the duck within the
confines of the pipe. It is imperative to ensure that
the duck, representing the user's head, remains within
the pipe before angle meas-urement, as deviation
may result in inaccurate angle meas-urements. After
conducting angle measurements in each direction
using VR, a display screen will present the ob-tained
angles and the duration of use.
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Table 1. Storyboard for VR application (cont.)

4. Measure the angle of neck movement in the directions of right lateral flexion and left lateral
flexion

VR Application

To measure lateral flexion, the assessor is instructed
to tilt their neck to the left and then to the right.
Before commencing the measurement, the physical
therapist must ensure that all measured directions
are set to 0 degrees to ensure accuracy. Once
the lateral flexion movements are complete, the
physical therapist should verify that the readings for
all other directions remain at 0 degrees to prevent
any errors in the assessment.

The measurement in this section is designed with a
single central red point and no pipes, allowing users
to tilt their necks left and right. The duck must not
exceed the designated red point to ensure accurate
angle measurement.

5. Measure the angle of neck movement in the directions of right rotation and left rotation

CROM

Application

This phase of angle measurement involves instructing
the assessor to turn the neck both left and right. It is
essential to ensure that all directional measurements
are initially set to 0 degrees before initiating the
movement. Following the completion of the neck
movement, the physical therapist must verify that
the measurements for other directions remain at 0
degrees to avoid potential errors.

b RESULT [3

The measurement of this angle will be designed
similarly to the measurement steps for Flexion and
Extension but with a change in the orientation of
the tube from vertical to horizontal for guiding left
and right neck rotations.
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2.3. Satisfaction Assessment

Utilizing the precise head movement
tracking features of VR devices, this research
focuses on designing and developing
user-friendly VR applications. To assess
the user-friendliness of the developed VR
application, a questionnaire will be employed
in this study. The questionnaire aims to
evaluate user satisfaction and collect feedback

on various aspects of the application’s usability.

This study examined the satisfaction
levels of VR application usage among
voluntarily participating health-conscious
individuals, encompassing both females and
males aged between 20 and 59 years. The
sample size consisted of 50 participants,
excluding individuals experiencing neck pain,
those with recent neck or back surgeries, or
any other discomfort related to the neck.
The selection of the sample was based on
the COSMIN methodology for evaluating the
content validity of Patient-Reported Outcome
Measures (PROMs) User Manual version 1.0.
(Terwee et al., 2018).

Satisfaction Assessment Form: The
questionnaire will be organized into four
sections for a comprehensive evaluation.
These 4 sections include sections 1 VR
design 4 questions: 1) Patterns of using the
application with realistic technology devices
that are easy to use. 2) The design of the
application is beautiful and interesting. 3) The
colors in the application design. 4) The font style
and size are appropriate., sections 2 application

usability 2 questions: 1) The speed of using the

application with realistic technology devices.
2) The arrangement of menus or categories is
appropriate., sections 3 model and animation
design 3 questions: 1) 3D modeling and
animation styles suitable for the content.
2) The 3D model and animation are interesting
and beautiful. 3) 3D modeling and animation
convey accurate meaning and are easy to
understand., and sections 4 The effectiveness
of utilizing applications with VR devices 5
questions: 1) VR device are user-friendly and
convenient. 2) The sound of the subtitles is
clear. 3) The content is well-organized. 4) The
content is explained clearly. 5) The content
is easy to understand. Participants will rate
their satisfaction levels on a rating scale from
1 to 5, where 1 denotes very unsatisfied,
2 denotes unsatisfied, 3 denotes moderate
satisfied, 4 denotes satisfied, and 5 denotes
very satisfied. The evaluation of satisfaction
with VR applications will entail computing
both the mean and standard deviation of
satisfaction scores. This approach aims to
offer a concise overview of the average
satisfaction level among participants while
also providing insights into the range of

variability in the satisfaction scores.

The analysis will employ the mean
and standard deviation (SD) to assess the level
of satisfaction among the participants. The
results will be compared against predefined
criteria for interpretation: a score range of
4.51-5.00 indicates very satisfied, 3.51-4.50
indicates satisfied, 2.51-3.50 represents
moderate satisfaction, 1.51-2.50 implies

unsatisfied, and 1.00-1.50 represents very
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unsatisfied. Specifically, in the context of
user application satisfaction assessment, it is
essential to ensure that the mean score is at
least 3.51, and the standard deviation is not
less than 1.00 (Collado-Mateo et al., 2020).

3. Results and Discussion

3.1 VR Application

VR application development, the
BLENDER program is utilized to craft models
in alignment with the intended application
format. These model files are then imported
into the Unity Engine for further development,
given its widespread usage as a game
development platform, commonly employed
for VR games and applications. Integration of
sensors into Unity for VR games allows for
the incorporation of various sensor types. To
enhance user interaction, motion tracking
features such as head tracking are implemented
within the Unity engine. This enables users to
explore virtual environments by tracking head
movements effectively, thereby facilitating

the creation of three-dimensional games in

Figure 5. Video screen for introducing the

usage of the VR application

diverse formats. In the VR application, an
initial video will serve as an introduction,
providing users with step-by-step guidance on
the measurement procedures for values such
as the Visual Analog Scale (VAS) and various
angular metrics. The primary objective is to
acquaint users with the assessment process
and anticipate the forthcoming steps,
encompassing detailed instructions on
utilizing the controller in conjunction with the
interactive elements of the game, as shown
in Figure 5. After the introductory video,
users will proceed to measure their pain levels
using the Visual Analog Scale (VAS). On the
user interface (Ul) page, a horizontal straight
line, similar to the CROM measurement,
will be displayed. Figure 6 illustrates the
VAS measurement process. Users will be
prompted to select the point on the line that
corresponds to the severity of pain they are

experiencing at that moment.

The next step involves measuring
head movement in all six directions. A red
circular spot, denoting 0 degrees in the x, y,
and z axes, serves as the focal point for each

2o eeeeeess———— 20
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Figure 6. VAS measurement in the

VR application
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direction. A duck model is used to simulate
user head movements. The user is prompted
to perform the motion to evaluate neck
pain. The VR application will provide audio
cues indicating the direction before each the
measurement. Additionally, the user is
instructed to align their head with the line
of sight or guide tube to maintain proper
posture in each direction, as shown in

Figure 7.

The VR application is designed to
utilize the left controller for start and stop
the measurement of the range of head
movement. Simultaneously, it captures the
time taken for each movement. The outcomes,
comprising the measurable degrees of
motion, along with the corresponding durations,
are then displayed on the screen. Users can
subsequently press the button on the right
controller to enter the angle measurement

in other directions. This process is repeated

until users have measured the range of head
movement in all six directions, including
Flexion (Figure 7(a)), Extension (Figure 7(b)),
Right Lateral Flexion (Figure 7(c)), Left Lateral
Flexion (Figure 7(d)), Right Rotation (Figure
7(e)), and Left Rotation (Figure 7(f)).

3.2 Satisfaction Assessment
Results

The effectiveness of the VR
application was evaluated through user
testing, as shown in Figure 8. During user
testing, participants were provided with VR
headsets and instructed to interact with the
application. Their feedback was collected
to assess the usability, effectiveness, and
overall experience of the VR application.
From the user satisfaction assessment of the
application, the mean and SD values were
presented and separated into 4 categories,
as shown in Tables 2- 5.
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Figure 7. Measurement of head movement in all 6 directions
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Figure 8. User testing with VR application

Table 2. VR Design satisfaction

Question Mean = SD Level

1. Patterns of using the application with realistic technology devices that ~ 4.28 + 0.76 Satisfied

are easy to use.

2. The design of the application is beautiful and interesting. 4.34 + 0.82 Satisfied
3. The colors in the application design. 4.44 + 0.70 Satisfied
4. The font style and size are appropriate. 4.24 + 0.82 Satisfied

Average 4.33 + 0.66 Satisfied

Table 3.  Application usability satisfaction

Question Mean + SD Level

1. The speed of using the application with realistic technology devices. 4.32 +0.74 Satisfied

2. The arrangement of menus or categories is appropriate. 4.38 + 0.75 Satisfied

Average 4.35 + 0.68 Satisfied
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Table 4. Model design and animation satisfaction
Question Mean + SD Level
1. 3D modeling and animation styles suitable for the content. 4.4 +0.70 Satisfied
2. The 3D model and animation are interesting and beautiful. 4.36 + 0.88 Satisfied
3. 3D modeling and animation convey accurate meaning and are easy ~ 4.36 + 0.66 Satisfied
to understand.
Average 4.37 + 0.63 Satisfied
Table 5.  The effectiveness of utilizing applications with VR devices
Question Mean + SD Level
1. VR device are user-friendly and convenient. 4.06 + 0.77 Satisfied
2. The sound of the subtitles is clear. 4.26 + 0.85 Satisfied
3. The content is well-organized. 452 + 0.61 Very satisfied
4. The content is explained clearly. 4.54 + 0.61 Very satisfied
5. The content is easy to understand. 4.56 + 0.67 Very satisfied
Average 4.39 + 0.57 Satisfied

3.3 Discussion

In the usability testing of the application,
it was observed that users have the ability to
watch an instructional video explaining how
the application operates and can follow the
steps autonomously. Those who participated
in the testing phase conveyed a notable sat-
isfaction level in all aspects, reflected by an
average score of 4.36 + 0.52. Throughout this
study, careful attention was given to crafting
character and scene designs, aiming to elicit
excitement and interest, thereby fostering
a heightened sense of immersion into the
virtual world. Furthermore, users exhibited
focused attention during the measurement

process, undisturbed by external factors.

However, the researchers have received
user suggestions regarding the design of the
VR application. It is recommended to adjust
the size of the animation to be larger. In
terms of application usability, it should be
designed to be user-friendly. Additionally,
regarding the efficiency of using applications
with virtual reality technology, feedback
suggests that controlling the controller remains
difficult to use.

3.4 Limitations and Future Works

Although user satisfaction with the use
of the application is at a high level, there are
still limitations to the VR application. These
include the necessity of calibrating the VR

equipment accurately before proceeding
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with various measurements to minimize angle
measurement errors. It is also crucial to align
the gaze with the application. This research
employed measurements and satisfaction
evaluations for participants with good health.
Consequently, the derived satisfaction level
can only be extrapolated to this specific
demographic and cannot be directly compared
with the satisfaction levels of individuals
experiencing genuine neck injuries. Despite the
VR application demonstrating reliable accuracy
in angle measurements, there exists a slight

deviation when compared to CROM device.

Based on the above limitations, we
will focus on developing VR applications that
can measure degrees more accurately and
reliably compared to standard tools in the
medical field and test them with a sample

group of people with real neck pain.

4. Conclusion

Neck pain, arising from issues in cervical
spine joints, neck muscles, and shoulder
blade muscles, often results from prolonged
incorrect postures in daily life. The traditional
method of measuring neck deformities and
assessing treatment levels involves expensive
and limited cervical range of motion (CROM)
device, primarily available in large hospitals
and it is necessary to have experts in using the
equipment. Therefore, this study has developed
Measuring Neck Abnormalities for Preliminary
assessment of neck pain disease using virtual
reality (VR). VR technology, known for its sensors

and tested accuracy, is reliable in measuring
neck angles. The primary focus of this study
is on the design of the application, aiming to
ensure user satisfaction and usability. Users
should be able to operate it independently,
with efforts made to minimize any potential
impact on their health. User satisfaction,
based on a sample of 50 users without neck
pain, indicated satisfied (average score of
4.36 + 0.52). However, this study necessitates
a comparative analysis of precision
measurement and device reliability between
VR and CROM to validate accuracy. This
verification is crucial for determining the
potential future usability of the VR application.
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Rez\gszz\:/ember 2023 an in-house application without requiring database establishment
22 January 2024 and technician using a low-to-no-code (LCNC) platform that aligns
Accepted: with the organization’s business case for tracking working time
2 April 2024 and leave request of employees. We developed the application
using Google AppSheet and Google Sheets for data storage. The
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proposed application has three main functions to accurately
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Management, Human
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Software, Low-Code/No-Code  that align with the organization’s regulations. Furthermore, there
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collect a daily clock-in, clock-out, retrieve the total number of
working hours in the current month, and deal with leave requests

are three functions for an administrative employee manage the

staff’s information, generate a monthly work report, and perform
leave request approvement. The application has been tested
at the Artificial Intelligence Association Thailand (AIAT), where
time tracking and leave request were previously managed with
paper-based. The usability test shows that the staff takes on
average less than 1 minute to perform a daily clock-in and
clock-out, less than 2 minutes to complete a leave request as
well as cancel the submitted request. The learnability test shows
that the users take less than 1 minute to complete the daily
working timestamp and send leave requests.
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1. Introduction

Human Resource Management (HRM)
is an essential part of businesses, regardless
of their size. HRM focuses on activities like
recruiting, hiring, deploying and managing an
organization’s employees. To help simplify
the HRM processes, companies can utilize
the Human Resource Information System
(HRIS) to assist in the storing and processing
of employees’ data without needing to spend
too many resources. Available software in
the market costs ranging from $20-$40 per
user per month for a basic plan to $80-$100
per user per month for a pro plan (Empeo,
2024, Gusto, 2024). Plus, the adoption of new
technologies comes with switching costs,
which include not just the software but also
associated expenditures like learning and
training (Avlonitis & Panagopoulos, 2005).
Due to these costs of information system
acquisition, some organizations still apply a
traditional method with paper-based, which
is resource-intensive. In this work, we focus
on time recording and leaves submission

functions in HRM.

Many low-to-no code platforms have
been introduced to facilitate non-technical
users. Data analysis software such as Power
Bl, Tableau, and RapidMiner were introduced
to allow an end-user to complete the task by
drag and drop procedures without requiring
any complicated coding. With user interfaces
and understanding of data, the users are able
to produce a dashboard for a descriptive

analysis and perform a simple predictive

analysis. In addition, software for simple data
management from data entry, data storage,
and data retrieval was proposed. Application
development software like Power Apps and
Google AppSheet were proposed for building
cross-platform applications. With a connection
to the available database or spreadsheet,
the users can create their own application
that can be executed on mobile devices and
web sites. One advantage of low-to-no code
platforms is that the end users are able to
create their own applications and the cost of
software or applications acquisition is lower
than a software development or installation.

This work demonstrates how a low-to-no
code application is applied to implement
simple function of HRM without establishing a
company database. The developed application
can facilitate employees recording working
hours, and submission of absence requests,
which is one of the functions in HRM. The
proposed application is built using the Google
AppSheet which is a no-code platform. The
development of the application requires low
technical knowledge in programming and can
be integrated well with widely used tools such
as spreadsheets. The completed application
has been implemented and tested with
a small business. The result shows that the
learnability and the usability of the proposed
is satisfactory.

2. Previous Work

Human Resource Management (HRM)
is the strategic strategy which firms employ

to manage their employees efficiently. HRM
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includes the policies, processes, and systems
that are set up to recruit, instruct, and
manage company personnel. To perform HRM,
a human resource information system (HRIS)
performs an essential part in facilitating the
effective integration of technology solutions
(Thite, Kavanagh, & Johnson, 2012). The main
purpose of HRIS is to ensure data integrity,
provide up-to-date information, and keep
track of the employees that the company
can use to support daily operations such as
monitoring personnel work time and leave
requests. Applications of HRM have been
incorporated through HRIS to assist HRM at
different levels within an organization. While
HRIS primarily focuses on the technological
aspects of managing HR information, a human
resource management system (HRMS) takes a
step further by integrating these technologies
into @ more comprehensive framework. HRMS
not only ensures data integrity and real-time
information but also actively contributes to

the strategic management of human resources.

Low-code and no-code (LCNC) data
analysis platforms offer advanced analytical
capabilities, seamless data integration, and
interactive visualization tools. These platforms
can help users make the data analysis
processes more efficient since manual efforts
are less required to complete each task,
making it easy for data-driven businesses
seeking for insights without relying only on IT
expertise. For example, Power B, as a LCNC
platform, is available for users to perform
data analysis without extensive knowledge

in programming. However, the limitations of

the LCNC platforms include vendor lock-in
concerns, complex use cases handling, and

a lack of on-premises support (Sufi, 2023).

Low-to-no-code platform expedites
the development of applications by
reducing the amount of coding and resources
associated with building an application from
scratch. For businesses, this technology helps
in terms of speed to market and little cost
of creating software (Sattar, 2018). One of
the low-code platforms is Microsoft Power
Apps. Power Apps combines the positives of
low-code development with the capacity of
integration with Microsoft products such as
Excel. Despite that, one of its setbacks comes
in the form of subscription cost; since to
use Power Apps, the user needs a Microsoft
Dynamic subscription with the add-on of
Power Apps billing. On the contrary, Google
AppSheet offers similar services at a lower
subscription fee. Platform called OutSystems
is a user-friendly interface that can be
developed using pre-built templates. The
platform enables across devices accessibility
which helps developers with streamline
delivery of mobile and application (Martins
et al., 2020). The developed applications using
a low-code platform has advantages of minimal
coding and short time to market. However,
the vendor-lock effects lead to challenges
of governance plan and design limitations.
Though the low-code development platform
possesses limitations, it is applicable for the

secondary business activities (Ledl, 2022).
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3. Material and Method

In this work, we adopt the business
rules of one small association in Thailand
to develop the application accordingly. We
employ cloud software called AppSheet to
develop a mobile application. There are 3
main functions that allow a small business
owner to perform an employee management:
1) working hours record, 2) leave request, and
3) a monthly report. The application applies
spreadsheets to read and record the data.

To implement the HRM management
software with AppSheet, spreadsheet files for
recording employees’ profiles, working hour

reports, leave availability and transactional

data are required. The entity relationship
diagram of the organization is depicted in
Figure 1.

3.1 Data

The HRM of organization relates to
6 entities that are ‘Staff’, ‘Time record’,
‘Leave request’, ‘Leave available’, “Work-
ing_hour report’, and ‘Generate_work hour’
as shown in Figure 1. The record of each entity
is stored in a spreadsheet file. The ‘Staff’ file
stores the record of each employee that are
an employee ID, name-surname, phone num-
ber, and start working date. The employee
ID is used as a key.

Working_hour_report

Time_record Statf Leave_request
PK, FK | staff ID o # PK | staff ID PK | tran_ID
PK timestamp + |
name ™ FK | staff_ID
address
ﬁ:ion phone_number — tran_date
month email leave_type
date_of_birth I_eave_data
vear start_date file_attach
resign_date leave_duration
- approval_status
approval_date
updated_date

PK, FK1 | staff_ID Leave_available
PK, FK2 | year
PK, FK2 | month Generate_work_hour PK,FK | staff_ID
PK year
PK | year s
expected_hour PK | month .
work_hour bt H snck_
used_sick business
used_business status annual
used_annual working_day
- leave_request_iterator
record_iterator

Figure 1. Entity relationship diagram
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Clock-in and
Clock-out

~_ ——( Leave request
Staff\

Staff management

Approve leave
requests

Figure 2. Application’s use case diagram

For each working day; date, clock-in
time, clock-out time, and location entered
by each employee are recorded in the daily
working hour file called “Time_record’. This file
is a transactional data that collects timestamp
records when staff clock in and clock out.
The organization’s employees have 3 types
of leave: 1) annual leave, 2) sick leave, and
3) business leave. The file ‘Leave request’
collects transaction of requests submitted that
record the data of transaction ID, employee
ID, leave duration, leave type, and approved
status. The number of leave days available for
each employee can be retrieved from the file
‘Leave_available’. The records in the spread-

sheet files “Time_record’ and ‘Leave request’

are used to calculate the total working hours
of each employee at the end of the month
and stored in the file ‘Working_hour report’.
The file ‘Generate_working report’ is a master
file for generating the working hour report
since it stores the required number of work-

ing days of each month.
3.2 Application Development

3.2.1 Users

For data access control, the applica-
tion manages data access by enabling users
to both retrieve and update specific data
according to their assigned roles. The appli-
cation has 2 roles of users: staff and admin.
Staff is a normal user as depicted in Figure 2.
Admin is a super user, who can approve the
leave request, generate a monthly report, and
edit some data files that store the records.
Staff is a user who can access the working
time stamp, submitting leave requests, and

retrieve his working hours.

3.2.2 Function

Our designed application has six functions
in total as shown in Figure 2. Three functions
are used by a normal user: 1) clock-in and
clock-out, 2) leave request, and 3) personal
working hours. The other three functions are
used by a super user: 1) staff management,
2) generate working reports, and 3) approve
leave requests. The detail of each function

is described below.
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Figure 3. User interface of (a-b) clock-in function and (c-d) clock-out function of each staff
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3.2.3 Clock-In and Clock-Out

The aim of this function is to ensure
that the date and time entered at the time
of the clock in, clock out, and location of
each member of staff. The values of every
employee are recorded in the same file

named ‘Time record’.

To ensure the integrity of working
hours such as the time entered the system,
a staff press a button labeled as ‘clock-in’
when arrived the company and ‘clock-out’
before leaving then the timestamp and
location are automatically inserted into the
record. The user interface of the function is
shown in Figures 3(a) and 3(c). The values of
current date, clock-in time, clock-out time
are automatically retrieved from the system

and saved into the file with the employee

ID. To ensure that the employee is in the
office premises, the value of location is also
recorded in the file “Time_record” but it will
not be seen by the staff. The clock-in and
clock-out time of each day? can be checked
by the staff on the application as depicted
in Figures 3(b) and 3(d).

3.2.4 Leave Request

The leave request feature is
available for users to submit leave requests
to the system. Then the leave requests will
be proceeded further by the admin. Figure
4 shows an interaction diagram for managing
leave requests (Adamu, 2020). When the
request was submitted by the staff, it can be
canceled if it has not been approved by the
admin. If the request has been approved, only

an admin can cancel the approved request.

Application
Staff Admin
sdbmlt leave request )
: P
Cancel leave request B
- —p

- Approve/Reject leave reque&.

. Cancel approved request

Figure 4. An interaction diagram for managing leave requests
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To submit a leave request with the
developed application (Fortich & Marcial,
2014), the users will begin with the “+” button
and it will lead the users to the request form.
This form requires users to provide specific
details, including the type of leave (e.g,
sick, annual, or business), the start date of
the leave, and the leave duration. The users
will be informed of their leave availability,
ensuring it remains within the available leave
balance. If the leave duration exceeds the
leave balance, the warning message will be
shown, and the user cannot submit the leave
request until the error is fixed. The conditions

for each leave type are as follows:

- For sick leave, the leave date should
be either the current date, yesterday, or
before yesterday. Requests must be submitted
within two days after the sick leave date. If
the sick leave is two days or longer, the users
will be required to attach medical evidence

as shown in Figure 5(a).

- For annual leave, the users must
submit requests at least two days in advance
without attaching any files as depicted in
Figure 5(b).

- For business leave, the users are
required to submit requests at least two days
in advance and must attach a business leave
document before submission in any case as

represented in Figure 5(c).

When a leave request is submitted,
it will initially display a “Pending” status.
According to the approval status, there are

four types of results that will be shown on

the “Send Leave Request” page including
“Rejected”, “Canceled”, and “Approved”
status. While a request is in the “Pending”
status, users have the option to cancel it
before the admin decides. If a user cancels their

request, the status changes to “Canceled.”

3.2.5 Personal Working Hours

This feature allows staff members to
access their individual work record report in
a particular month and year. After the admin
generates the monthly work report at the end
of each month, the new monthly report of
each employee will show up on the personal
work report page. In this page, the data is
retrieved from the ‘“Working hour report’
sheet, showing the expected and actual
working hours of each month. Also, the users
can review the number of leave days used

in each month as shown in Figure 6.

3.2.6 Staff Management

These functions are restricted to the
admin and revolve around supervising staff’s
information. Staff records are stored in the
‘Staff’ file. Actions to manage information
of staff include adding, viewing, and editing.
Figure 6(a) shows the list of existing staff.
On each row, there are shortcut buttons for
editing, looking for staff’s address using Google
Maps, e-mailing, making a phone call, and

sending a text message.

To add a new staff, tap the plus
icon. It will bring up the form in Figure 7(b).
Information required to create a new staff

record comprises of ID, name, address, phone
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Figure 5. User interface of submitting leave request of each type. (a) Sick leave,
(b) Annual leave, (c) Business leave, and (d) request history
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Figure 6. Personal work record

number, email, date of birth, and date of start
work. The staff ID is automatically populated
by incrementing the last staff’s ID by one.
For staff to be able to use this application,
the inputted email must match the email
the staff uses to log in. When a new staff
is added to the ‘Staff’ file, an automated
script will be called to generate a record in
the ‘Leave available’ data file telling how
many days that staff has for sick, business,
and annual leave. To view information about
the staff, tapping the record of the staff in
Figure 7(a) navigates you to the detail screen
shown in Figure 7(c). For editing, the admin
can either tap on the first shortcut icon on
the staff record in Figure 7(a) or enter the

Figure 7(c) detail screen and tap the floating
edit button. Both will bring up the edit screen
depicted in Figure 7(d).

3.2.7 Generate Working Report

This function generates monthly
working reports for all staff. The related
data files are ‘Generate_work hour’ and
the “Working_hour report’. The purpose of
‘Generate_work_hour’ is to manage the creation
of working reports of staff in specific months
and years with the status of either Generated
or To Generate. The ‘Working_hour_report’ is

used to hold the generated reports.

This function executed JavaScript
code in the Google Apps Script. To generate
the staff’s working report for the previous
month, the admin clicks the add button on
the bottom-right corner in Figure 8(a) which
brings up the form shown in Figure 8(b). Inside
the form, there are 3 input fields: month, year,
and number of working days. Despite that, the
admin is required to fill in only the number of
working days. After the number-of-working-day
field is entered, and the Save button is
clicked, it triggers the JavaScrip written in
the Google Apps Script. However, if there
is not report generated in last two months
which has the status of ‘To Generate’ in the
record, the application does not allow the

admin to proceed.

The Apps Script’s function iterates over
‘Leave request’, ‘Staff’, and ‘Time record’.
The ‘Staff’ is used as the dimension table with

staff ID as the primary key. Firstly, the function
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Figure 7. Example of user interface of functions that can be accessed by admin of
the organization. (a) Viewing every staff detail, (b) Adding a new staff,
(c) Detail of each staff, and (d) Editing information of each staff
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goes over ‘Leave request’ to sum up the
approved leave date based on leave types
by all staff. If there is a record of the month
the admin is generating the report having
the status of Pending, the process ends and
notifies the admin through email to approve
or reject that request. Otherwise, the process
continues to iterate over the ‘Time record’
to calculate the working time of staff. After
finishing the process, the function now has
the number of leave days of each leave type
and the working time of all staff. It then inserts
these records into ‘Working hour_report’.
After new records generated from the Apps
Script function were appended, the admin can
view all staff’s working hour reports shown

in Figure 8(c).

3.2.8 Approve Leave Requests

This enables admins with the ability
to accept, reject, and cancel leave requests

= AIAT Q & & AIAT
Generated
o
nsnAN 2023
10
Faman 2023 *
2023
o 2023
DTl T R K Pl
20
Q Z X Cancel

-aanau Uszidnsinu daluan

(a) Generate working
report page

(b) Generate new working
report page

made by normal users. The function will be

available only for super users’ applications.

As depicted in Figure 9(a), it will
display the following features: Pending,
Approved, Rejected, and Canceled. Admin
clicks the ‘Pending’ option to view leave
requests made by normal users following to
Figure 9(b). Next, choose the user’s request
to modify the requested status by clicking on
it. It will lead admin to the page as seen in
Figure 9(c). By selecting the “edit” button in
the bottom right, the admin can modify the
desired status and also update the desired
status. The status will indicate ‘Pending’ as
a default value. Only super user may modify
a status to ‘Approved’ or ‘Rejected.” The
status cannot be changed from “Pending” to
“Canceled”. The program will show a mistake
as anything that appears in Figure 9(e). The
status will change when the admin clicks the

& AIAT

2023

AIAT 01
fanAN 2023

AIAT 02
aanAnN 2023

AIAT_03
amAN 2023

AIAT_04

Aa1au 2023

AIAT_05
fAanaxN 2023

AIAT_06
faaN 2023

AIAT_ 07
fanAN 2023

-4
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o

-eenau

X

daluan

Save

(c) Working hour
report page

Figure 8. User interface of monthly working report generation
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Figure 9: User interface of approve leave request method

‘save’ button. The date of the leave will be
deducted from ‘Leave Available’ sheet. For
the ‘canceled’ status, it can be available only
when normal user wants to cancel the leave
request with ‘approve’ status only. To cancel
a request, the administrator will select the
‘Approve’ option in Figure 9(a), click on the
request, select “Edit”, change the status to
‘Canceled’, and then click “Save”. The leave
date will be restored to the ‘Leave Avail-
able’ sheet and the status will change to

the ‘Canceled’.

4. Results and Discussion

4.1 Results

The result of the application is
assessed by its usability. After the development
phase, the application went through testing
by the business staff members. We evaluate

three firm customers in varying age ranges
(21-30, 31-40, and 41-50), in sequence,
based on Table 1. Before the actual testing,
staff members had around 15 minutes to
experience and navigate functions inside the
application. The main test cases are clocking
in and out; sending and canceling leave
requests; and viewing the details of work
reports. The clock-in-clock-out function was
fulfilled by all test pilots easily. The staff were
also asked to carry out the task of sending
three types of leave requests. These actions
were done in under 2 minutes. The last test
case is to view the individual working report
where testers navigate effortlessly. However,
the AppSheet limitation of no backeround
refresh put a hindrance for test persons in
using the application by leaving the status

unchanged after the action was completed.
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Table 1.  Usability test and learnability test with 3 users in the company
Case Task Test User1l User2 User3  Average
as
No. Result (Sec) (Sec) (Sec) (sec)
Usability Test

1 Click Clock-in PASS 5 6.2 52 58

2 Look at the clock-in history from Case No. 1 PASS 4.6 15 8.9 9.5

3 Click to see working report PASS 2.8 6.7 55 5
Users ask for sick leave for 2 days,
counting as the testing day is first day

4 L PASS 51.6 136. 82.2 90
of leave, and attached file which is not
more than 2mb
Users ask for annual leave for 2 days in

5 PASS 31.7 80 68.3 60
the next week
Users ask for business leave for 3 days

6 in 2 days advance with attached file PASS 21 44.3 24.7 30
(file size must less than 2mb)
Users cancel their own leave requests

7 i . ) PASS 42 75.2 56.8 58
which are still on pending status.

Learnability Test

8 Click Clock-out PASS 3.2 5.4 4.1 4.2
Look at the clock-out history from Case

9 PASS 1.3 3 1.7 2
No. 8
Users ask for sick leave 2 days, 2 days

10 PASS 33 11.7 9 8

before the testing day

4.2 Discussion

The results of this paper indicate that,
for small businesses: (1) the development of
an HRM application for in-house use using the
LCNC platform is simple and does not demand
high technical skills; (2) the application built
with this technology is cost-effective in both
development and maintenance; and (3) the
finished application imposes a very low learning

curve for new users. The application is able

to perform essential functions of clocking,
calculating working hours, staff management,
and submitting leave requests. With Google
Sheet as the database, it simplifies the process
for small businesses in terms of database
maintenance. Although this study presents
the feasibility of utilizing the LCNC platform
for the implementation of HRM applications,
there are some limitations to the platform.

Some of them are the trade-off between
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streamlining the development process and
the level of customizability; and concerns
about the scalability of using Google Sheet

as the database.

For future research, it could explore
the use of alternative LCNC platforms
that offer similar benefits plus additional
customizability and scalability. The results
section presents the raw data, the
experimental data, and the results after
applying the techniques outlined in the

methods section.

5. Conclusion

In summary, the HRIS implementation
through Google AppSheet offers a cost-effective
and efficient solution for small businesses.
According to usability and learnability testing,
its results confirm the user-friendliness and
effectiveness of this application, proven by
users performing the key tasks with ease,
including clocking in and out, managing leave
requests, and accessing working reports. The
feedback from real users also emphasizes
the application’s efficiency in streamlining HR
management. The integration of AppSheet
with spreadsheets, along with its automated
features, ensures data accuracy and reduces
manual tasks. Despite its minor limitations,
AppSheet, as a no-code platform, demonstrates
its potential to enhance HR management and
productivity. This work highlights the importance
of low-code and no-code platforms in
facilitating HR management to be accessible

and practical for businesses of all sizes.
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Received: Abstract: The objective of this study is to compare the
Re?z/:\s/\:;/:2024 performance of sentiment analysis models for Thai online text

28 June 2024 using the existing PyThaiNLP libraries. For extracting text from online
Accepted: sources to create a dataset, the text was manually categorized

19 September 2024 into positive, neutral, and negative sentiments. Data preprocessing

g involved removing punctuation marks, tokenizing, removing non-
Keywords:
w Thai characters, and bag of words creation. The data was then

PyThaiNLP, Sentiment Analysis,

divided into training and testing sets to build models using three
Thai Online Text.

aleorithms: logistic regression, logistic regression with stochastic

gradient descent (SGD), and support vector machine (SVM). Upon
comparison, the logistic regression model was found to perform
the best - achieving accuracy of 80.73% with a 90:10 train-test
split using the newmm word tokenization tool and the augmented
dictionary. The accuracy for analyzing positive sentiment was
81.10%, for neutral sentiment, 80.16%, and for negative
sentiment, 80.97%.

1. Introduction

The popularity of social media and online platforms
in Thailand has fueled a vast amount of user-generated data
expressed in Thai. Analyzing the sentiment within this data
offers valuable insights into public opinion, brand perception,

and social trends. However, sentiment analysis for online Thai
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text presents unique challenges due to the
dissimilarity from the formal written Thai. Thai
language used in online media mostly does
not adhere to the correct principles of the
Royal Institute Dictionary. Instead, it often
consists of intentional misspellings, newly
coined words, and phonetic alterations to
convey emotions (Noro-a et al., 2018). Previous
sentiment analysis models may not fully
support the analysis of sentiment from Thai

text in online media.

Furthermore, Thai relies on diacritics
for tone differentiation, which can be easily
omitted in an informal online setting.
Additionally, Thai sentiment often incorporates
cultural nuances and sarcasm, making

automated analysis even more intricate.

The unique challenges in sentiment
analysis for online Thai text stem from its
informal nature, including intentional misspellings
and phonetic alterations, complicating accurate
interpretation. Omission of diacritics, crucial
for tone differentiation, and the integration of
cultural nuances and sarcasm further hinder
automated systems from effectively analyzing

sentiment.

This research aims to leverage the
existing PyThaiNLP library of Python, which
already includes functions for text preparation,
such as word tokenization, Thai character
checking, a Thai dictionary, and stopword
removal. The study will explore the effectiveness
of the following sentiment analysis techniques:
logistic regression, stochastic gradient descent,

and support vector machine on online Thai

text, in order to create a modern sentiment
analysis model for Thai language used on
the internet, addressing the challenges of
informal text, omitted diacritics, cultural

nuances and sarcasm.

2. Related Work

This section provides an overview of
the background for this study which includes
challenges of online sentiment analysis,
PyThaiNLP, literature review and the three

chosen sentiment analysis models.

2.1 Online Sentiment Analysis

Online sentiment analysis is challenging
for several reasons. Online text often utilizes
informal language, slang, abbreviations, and
emoticons that can be difficult for traditional
sentiment analysis models to interpret
accurately. These elements don’t always
adhere to formal grammar rules, making it
harder for machines to understand the true

sentiment.

Sarcasm and irony in online
communication can also be hard for sentiment
analysis tools to detect. Sarcastic statements
might use positive words to express negative
sentiment, confusing the model. Similarly,
online communication can be ambiguous.
Some words or phrases can have multiple
meanings depending on the context. For
example, “that’s cool” could be positive or
negative depending on the situation, posing

a challenge for sentiment analysis models.
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Understanding the sentiment of
online text often requires considering the
broader context of the conversation or post.
Sentiment can be influenced by humor,
cultural references, or the relationship
between the participants. Moreover, online
discussions within specific communities
(e.g., gamers, K-Pop, financial forums, etc.)
might have their own jargon and slang,
requiring domain-specific knowledge for
accurate sentiment analysis. Pang, Lee, &
Vaithyanathan (2002) explored the difficulties
of sentiment analysis for online movie reviews,
highlighting the impact of informal language,
subjectivity, and domain-specific vocabulary
-- laying the groundwork for further research on
sentiment analysis techniques that can handle

the complexities of online communication.

Online Thai writing style vastly differs
from formal Thai writing style. Noro-a et al
(2018) discussed that formal Thai writing uses
more complex vocabulary and adheres to
stricter grammatical rules. Online Thai often
incorporates slang, abbreviations, and emoticons
for a more casual tone. It also uses shorter
sentences, fragments, and informal sentence

structures for quicker communication. Formal

Thai writing employs a system of honorifics to
show respect to the recipient. This involves
using specific pronouns and sentence starters
depending on the social hierarchy between
the writer and reader. Online Thai tends to be
less strict with honorifics, especially in casual
conversations with less frequent courtesy
markers. The majority of negative comments
online tends to be very impolite. Table 1
summarizes the key differences between

formal and online Thai writing styles.

2.2 PyThaiNLP

PyThaiNLP (2024) is an open-source
Python library specifically designed for
processing and analyzing Thai text. Its tool
set consists of word tokenization, part-of-
speech tagging, named entity recognition, text
normalization, stemming and lemmatization,
machine translation, and sentiment analysis.
While PyThaiNLP offers sentiment analysis
functionalities, online Thai text presents its
own challenges mentioned previously. This
study uses PyThaiNLP word tokenization during
the data preparation process to break down

text into individual words or meaningful units.

Table 1.  Summary of key differences in formal vs online Thai
Feature Formal Thai Writing Online Thai Writing
Slang, abbreviations, emoticons, newly
Vocabulary Complex, formal, correctly spelled.

coined, intentionally misspelled

Sentence Structure

Complete, proper grammar

Shorter, informal structures

Honorifics Used extensively

Less strict, more casual

Courtesy Language

Frequent politeness markers

Less frequent, less polite, more direct
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2.3 Literature Review

Bowornlertsutee & Paireekreng (2022)
proposed a study titled “ The Model of
Sentiment Analysis for Classifying the Online
Shopping Reviews” utilizing techniques such
as word tokenization, bag of words, and
Stop-word Removal with the PyThaiNLP
library in Python. They employed machine
learning techniques including LSTM, SGD,
logistic regression, and SVM for text analysis.
The variables considered were positive
sentiment, neutral sentiment, and negative
sentiment. The accuracy of the analysis
results was as follows: LSTM 81.27%, logistic
regression 69%, SGD 66%, and SVM 65%.
However, the model had limitations in

analyzing ambiguous words.

Lisirikul & Numpradit (2018) proposed
a study titled “ Opinion Analysis System to
Business by Text Mining On Twitter” utilizing
techniques such as word tokenization and
stop-word removal with the THSplitlib library
in PHP. They employed naive Bayes and
SVM techniques for text analysis using the
RapidMiner program. The variables considered
were positive sentiment and negative senti-
ment. The accuracy of the analysis results
was as follows: naive Bayes 56.66% and SVM
76.47%. However, the model had limitations

in analyzing neutral sentiment.

Chaisanguan & Romsaiyud (2018)
proposed a study titled “ Development of
a Real-time Sentiment Analysis System of
Students on Facebook Using Naive Bayes

Classifier in Thai Language” They utilized

the longest matching and maximal matching
techniques for data preparation, and naive
Bayes classification for sentiment analysis with
the RapidMiner program. Variables included
positive sentiment, neutral sentiment, and
negative sentiment. Data were collected using
the Facebook Graph API. The analysis yielded
the following accuracy metrics: Accuracy
97.60%, Precision 96.61%, Recall 96.50%, and
F-measure 96.55%. However, the system had
limitations: 1. It couldn’t analyze conflicting
sentences, and 2. It couldn’t analyze incorrect

text, leading to potential misinterpretations.

Aliman et al (2022) proposed a study
titled “Sentiment Analysis using Logistic
Regression,” analyzing potential mental
health crisis tweets using data preprocessing
techniques based on Singh & Kumari (2016),
including removing URLs, slang words,
misspelled words, and “@” mentions. They
employed support vector classifier, SGD,
naive bayes, and logistic regression models for
text analysis, The variables considered were
positive sentiment and negative sentiment.
The accuracy of the analysis results was as
follows: logistic regression 819%, naive Bayes
77%, SGD 719%, and support vector classifier
69%. However, a limitation of this model is
that it was developed for English, Filipino,
and Taglish, not for Thai language.

2.4 Sentiment Analysis Model

Sentiment analysis models are
algorithms that automatically identify the
emotional tone (positive, negative, or neutral)

within a piece of text. Learning from labeled
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data, the models can be more adaptable
to different types of text and can improve
over time with more data. Common machine
learning models used for sentiment analysis
(Wankhade, Rao, & Kulkarni, 2022;
Scikit-learn, 2024) are logistic regression,
support vector machine (SVM), naive Bayes,
and neural networks. The latter two models
can be effective for sentiment analysis;
however, they require significant amount
of data. Logistic regression estimates the
probability of a text belonging to a specific
sentiment class and can be effective for
smaller datasets. SVM excels at finding clear
boundaries between different sentiment
classes, even for non-linear data — making

it suitable for complex online text analysis.

1) Logistic Regression

Logistic regression is a statistical
method commonly used in machine learning
for classification tasks, especially when dealing
with binary outcomes and interpretability
is a concern. The core of logistic regression
lies in finding the optimal coefficients for
the linear equation that best separates the
classes. This is achieved through an iterative
process called gradient descent, where the
model continuously adjusts the coefficients
to minimize the error between predicted
probabilities and actual class labels even
in the small training data set — making it
suitable to estimate the probability of an
online text belonging to a specific sentiment

class (positive, negative, neutral).

One approach to enhance logistic
regression models is to use an optimization
algorithm such as stochastic gradient descent
(SGD) to train various models. SGD iteratively
adjusts the model’s internal parameters
to minimize the error between predicted
sentiment and actual labels in the training
data. However, it can be slow to converge
and often requires careful tuning of learning

rate parameter to avoid overfitting.

2) SVM

SVM is another statistical method
commonly used for classification tasks in
machine learning. Unlike logistic regression,
which excels with linearly separable data,
SVMs can effectively handle both linearly
separable and non-linearly separable data.
An SVM aims to find a clear hyperplane
that separates these positive, negative, and
neutral classes with the maximum margin. A
larger margin indicates a clearer separation
between the classes -- making it easier to
classify new data points accurately and is

better for generalization on unseen data.

Moreover, when dealing with non-linearly
separable data, SVMs employ a kernel trick
that involves transforming the data into a
higher-dimensional space where it becomes
linearly separable. The SVM then operates in
this higher dimension to create the optimal
separation hyperplane. Common kernels used
include linear, polynomial, and radial basis
function (RBF).
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Figure 1. Illustration of system overview diagram

In sentiment analysis of online Thai
text, both logistic regression and SVM models
have their merits. If the dataset is small
with potentially linear relationships, logistic
regression might be effective enough. However,
for complex, non-linear language nuances
often present in online text, SVMs could
be a more robust choice, especially with
larger datasets. Hence, this study experiments
with both models and compares their
performance on our data to determine the
best approach for this sentiment analysis

task for online Thai text.

3. Materials and Methods

This section details the approach
employed to analyze sentiment within the
chosen dataset. The steps taken to prepare

the text for analysis are described. Following

this, the specific sentiment analysis techniques
utilized are explained, along with the
evaluation metrics chosen to assess the
model’s performance, as summarized in the
system overview diagram in Figure 1 and

elaborated further in sections 3.1 to 3.5.

3.1 Dataset

The data collection process involved
amassing a corpus of 15,000 Thai-language
texts. These texts were sourced from comments
on YouTube, Pantip, and a subset from the
Wisesight Sentiment dataset (Suriyawongkul
et al,, 2019). The collected texts were free
topics to ensure that the sentiment analysis
model created could comprehensively predict
online texts. The collection period spanned
from March 2023 to September 2023. These
texts were manually edited to correct the

wrong typing, except for those intentionally
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wrong typing to convey emotions. They were
manually categorized into three sentiment
categories: positive, neutral, and negative, with
each category comprising 5,000 records. The
text that expresses admiration, care, interests,
and likes were classified as positive. Questions,
commands, and ordinary narratives were
classified as neutral. Texts containing insults
or provocations were classified as negative.
These texts were then recorded into a .csv
file in their corresponding category. Examples
of each text category can be seen in Figure 2.

for positive, neutral, and negative respectively.

3.2 Data Preparation

1) Removing punctuation marks such
as ?,.;: 1% > < /-. These punctuation
marks were omitted in this study to simplify
the model; however, they will be taken into

consideration in our future works.

2) Tokenization using the word
tokenize function from the PyThaiNLP library
(Kanoktipsatharporn, 2020). The words were
tokenized according to the existing PyThaiNLP
dictionary with three word-tokenization tools,
which are already available in PyThaiNLP
and are low computational resource:
longest matching, newmm (maximal matching
with Thai Character Cluster), and multi_cut
(maximal matching). The accuracies of each

tokenization method were then compared.

3) Parsing only Thai characters by
removing non-Thai characters was achieved
using the Thai character checking function

from PyThaiNLP library. This step also involved

removing emojis since they are not considered

Thai characters.

The example results from the first
three steps of data preparation are compared

with their original text in Table 2.

4) Data splitting by dividing the
dataset into training and testing sets using
three different ratios: 80% training and 20%
testing, 85% training and 15% testing, and
90% training and 10% testing, to compare

their accuracy.

5) Bag of words (BoW) creation by
constructing a vocabulary from the words
in the training data. The BoW was achieved

by converting the words into numerical

YoIWNINASUTIULN pos
yosuauBnegiisfionsaitisdnorguunineiuvas muAnanag 3 9
uazuudiliey pos
vadlusn. aseenneg1ee. iitlsiidndoniiag pos
vafumy a8 Ay pos
yoFummiinaudaianiitruasninnuiusenieuldinnds deil

ay5e1 ianniimthusiee pos

(a

ganumuwigUansnuenlsllignuiuusandmiuiiudifely

Jiedlne nev
Ynfaass.sIniiving neu
yanenlidadiogivuny neu
gauilsnzuuuil neu
ﬂqmﬁﬁu 3 AuALBIYN neu

(b)

nssunsidendslilinssunsiansaifesainefundy neg
nmnadstimenslalenalssrvunasUsssau neg
nysulalasnonssudugouniuauas neg
ATTUADULYT neg
nssudfeundweddifiunmnfasssininouvemeui neg

(@)

Figure 2. Example of (a) positive, (b) neutral,
and (c) negative text
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representations. Then, using this vocabulary
as features to count the occurrences of each
word in the text, resulting in a sparse matrix

representation.

3.3 Model Creation

To conduct a comparative analysis,
three sentiment analysis models for Thai
text were constructed utilizing the existing
PyThaiNLP libraries for the algorithms
mentioned in section 2.4: logistic regression,
logistic regression with SGD, and SVM. The
selection of these three algorithms is based on
their low computational resource requirements
for training, their ability to handle high-
dimensional datasets, and the ease of using
their functions from scikit-learn. Their parameter

settings with the following details.

1) Logistic Regression

The models were created with
penalty = ‘12, dual = False, tol = 0.0001, C
= 1.0, fit intercept = True, intercept scaling
= 1, class weight = None, random state =
10,000,

multi_class = ‘auto’, verbose = 0, warm_start

None, solver = ‘lbfgs’, max iter =

= False, n_jobs = None, 1 ratio = None.
These parameters are all default values from
scikit-learn, except for max_iter, which was
set to 10,000 to increase the iterations and
ensure the solutions converge with the scale

of the dataset.

2) Logistic Regression with SGD

The models were created with loss =
‘hinge’, penalty = ‘12’, alpha = 0.0001, l1_ratio

Table 2. Example results from first three steps of data preparation
Data preparation step Example 1 Example 2 Example 3
» Fovosaneaulatsian  winpanduainunds o
Original text P ’ Tlnasfuaee @
sndq TduneD YININULAL <3
_ _ Fovesaneeuladsim  winaandununds -
1) Removing punctuation ) Tlnafiuaee @

sndeldunD

VDININLT1ULAL 3

(%9, w4, ', 'saulail,
‘5901, U, 5

[wanaay, Wupny,
Wi, a9, 'WINsT,
|u$ﬂgl’ 1 I’ I3I]

M Ina, ', e,
56

(%9, w4, "0, 'saulail
‘5107, U1, 'Sad, el

[wanmad, Ou, ‘A
P, U949, 'WINL,
wugpy, 3]

M, lna, ', e,
‘EJ', 1 |y 1 ]

(%', wad, 9 neaulall,

longest
Wy’ 'd']

2) Tokenization newmm
W', 'D'

multi_cut

'57A11nsn’, A
Wne', D]

[wanaas, Huey
W, 999, 'WINST,
wray, 3]

M, lna, ', e,
‘EJ', 1 |y 1 V]

3) Parsing only Thai
characters

%9 999 90 eaulal 1A
11 $nd ol wne Lag

[ [
WINFI VU AU
UBI WINKIT UTAY

1 lna fiu ae @




Leveraging PyThaiNLP for Sentiment Analysis of Thai Online Text:...
Sunisa Duangtham et al.

276

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

= 0.15, fit_intercept = True, max_iter = 10,000,
tol = 0.001, shuffle = True, verbose = 0, epsilon
=0.1,n_jobs = None, random_state = None,
learning_rate = ‘optimal’, etal = 0.0, power t
= 0.5, early_stopping = False, validation frac-
tion = 0.1, n_iter no_change = 5, class_weight
= None, warm_start = False, average = False.
These parameters are all default values from
scikit-learn, except for max iter, which was
set to 10,000 to increase the iterations and
ensure the solutions converge with the scale
of the dataset.

3) SVM

The models were created with C =
1.0, kernel = ‘rbf’, degree=3, gamma="scale’,
coef0=0.0, shrinking=True, probability=False,
tol=0.001, cache size=200, class_weight=None,
verbose=False, max iter=-1, decision_func-

tion_shape="ovr’, break_ties=False, random

state=None. These parameters are all default

values from scikit-learn.

3.4 Dictionary Augmentation for
Word Tokenization

After the models were built, it was
observed that words prefixed with “lal» (mean-
ing “not”), e.g. “liwau» (not like), “laiviae»
(not handsome), “liung» (not expensive),
and “li$n» (not love) were incorrectly
segmented. Additionally, some words, such
as abbreviations, slang, proper nouns, and
commonly misspelled words, e.g. “Baan»
(bitch), “nla» (CUPT), “nna» (ECT), “a1919
1 (Lazada), and “wUasd@ilu» (toothbrush)
were also incorrectly segmented. Forty of
these words, comprising 14 words prefixed
with “not”, 2 abbreviations, 2 slangs, 5
loanwords, 11 proper nouns, and 6 commonly

misspelled words, were augmented into the

Table 3. Accuracy and precision results before dictionary augmentation
- . - . . Support Vector Machine
Logistic Regression Logistic Regression with SGD
(SVM)
Precision  Trian
(%) (%) Accu- Precision (%) Accu- Precision (%) Ac- Precision (%)
racy racy curacy
(%) pos neu  neg (%) pos neu  neg (%) pos neu  neg
longest 80 78.80 80.10 77.16 79.15 77.80 80.20 76.27 7692 74.13 7174 7319 77.53
85 79.47 80.96 7884 7854 7893 80.96 7951 76.25 T74.62 7171 7385 78.41
90 80.33 81.30 79.38 80.36 79.53 80.49 79.38 7874 7547 73.17 7374 79.55
newmm 80 78.00 79.40 76.46 7814 T78.37 79.70 76.46 7895 74.30 71.54 7299 78.44
85 79.11 80.83 7844 78.00 78.62 80.44 77.49 77.87 74.67 7223 7332 7854
90 80.33 81.30 79.18 80.57 80.33 80.08 80.35 80.57 75.47 7398 7276 79.76
multi_cut 80 76.07 7701 7418 T77.02 76.07 77.01 7517 76.01 7237 67.46 7210 T77.63
85 77.11 7836 7561 7733 T77.07 79.66 75.61 7584 73.07 68.71 73.18 77.46
90 77.87 78.66 76.65 7834 T77.33 7785 T76.26 77.94 73.80 69.51 7335 7854
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Table 4.  Accuracy and precision results after dictionary augmentation
- . e . . Support Vector Machine
Logistic Regression Logistic Regression with SGD
(SVM)
Tokeniza-  Trian
tion (%) Accu- Precision (%) Accu- Precision (%) Accu- Precision (%)

racy racy racy
(%) pos neu neg (%) pos neu neg (%) pos neu neg
longest 80 7877 80.10 7736 7885 7810 80.70 7577 7783 7480 7234 7349 78.64
85 80.36  81.49 79.38 80.16 80.09 8149 80.19 7854 7498 7262 7399 7841
90 80.40 81.10 79.38 80.77 80.47 8130 79.18 80.97 7587 7398 7315 8057
newmm 80 78.40 79.70 7696 7854 7840 80.20 76.96 78.04 74.60 7194 7349 7844
85 79.51 80.70 7844 7935 79.42 8162 7803 7854 7489 7262 7305 79.08
90 80.73  81.10 80.16 8097 80.67 80.69 7996 8138 7600 7419 7354 80.36
multi_cut 80 76.67 7731 7517 7753 76,57 7821 7527 7621 7283 6796 7309 7753
85 78.00 78.10 77.49 7841 7756 7862 7588 7814 7356 69.10 7426 T77.46
90 7827 7886 76.26 79.76 78.00 7805 76.07 79.96 7407 6992 7374 7854

original tokenization dictionary. These forty
words were identified by examining the test
data to see whether the model’s predictions
were correct. All models were then recreated
using this enhanced dictionary. The analysis
results were compared with those obtained
from the original dictionary to assess the

accuracy improvement.

3.5 Result Testing and Analyzing

Accuracy and precision are commonly
used matrices for sentiment analysis. There
mathematical representations are shown in
equations (1) and (2), respectively. Accuracy
measures the overall correctness of the model
by indicating what percentage of sentiment
classifications the model is correct. Precision
focuses on the positive predictive value, i.e.

out of the instances the model classified as

positive sentiment, what percentage were,
indeed, positive. Thus, while accuracy is
desirable, precision is also needed to analyze

the performance of the models.

For example, in sentiment analysis
for social media, a model with high accuracy
might classify most tweets correctly, but also
label many neutral tweets as positive. This
inflates its accuracy but misses the mark. A
lower accuracy model with high precision
might miss some relevant tweets, but excels
at identifying true positive sentiment, which

might be more valuable for the company.

NumberofCorrectPrediction

Accuracy = (1)

TotalNumberofPredictions

TruePositives

Precision = — —
TruePositives+FalsePositives

2
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4. Experimental Results

As explained in the previous section,
three different algorithms were used to
create the sentiment analysis models. The
tokenization dictionary was also enhanced
to improve the model performance. The
accuracy and precision performance of each

model is reported here.

4.1 Model Comparison

Upon building sentiment analysis
models for Thai text from the existing
PyThaiNLP libraries to perform word tokenization,
various train-test splits, algorithm selections,
and dictionary augmentations, the comparison
yields the following accuracy percentages
(%). The results of comparison can be seen
in Tables 3 and 4 for the before and after
dictionary augmentations. From Tables 3
and 4, it can be observed that the model
providing the highest accuracy is generated
from the logistic regression algorithm after
dictionary augmentation, using the newmm
tokenization tool with a 90:10 split for train-
ing and testing data. Additionally, the model
yielding the highest precision for predicting
positive and negative texts is generated from
the logistic regression with SGD algorithm after
dictionary augmentation, using the newmm
tokenization tool with 85:15 and 90:10 splits
for training and testing data, respectively.
Moreover, the model providing the highest
precision for neutral texts is generated from
the logistic regression algorithm before
dictionary augmentation, using the newmm
tokenization tool with a 90:10 split for training
and testing data.

4.2 Results of Sentiment Analysis
Precision Selected Model

Based on the comparison of models, it
was found that the Logistic Regression model
with a 90:10 train-test split using the newmm
word tokenization tool and an augmented
dictionary consistently exhibits the highest
accuracy for both before and after dictionary
augmentation. Therefore, this model was
selected to evaluate precision, recall, and
f-measure using equations (2), (3), and (4) to
determine if the values were sufficiently high
for practical use. The model’s computational
time per text was also assessed using equation

(5) to measure the speed of text prediction.

TruePositives
Recall = — - (3)
TruePositives+FalseNagative

PrecisionxRecall

F —measure =2———— (4)
Precision+Recall

. totalcomputationaltimeforthetestset
time = (5)

numbero ftextsinthetestset

The confusion matrix of the best
model is shown in Figure 3. From the 1,500
test samples, this model correctly predicted
399 positive texts, misclassifying 66 as neutral
and 27 as negative. It correctly predicted 412
neutral texts, misclassifying 53 as positive
and 49 as negative. It correctly predicted 400
negative texts, misclassifying 27 as positive
and 67 as neutral. The precision of predicting
positive, neutral, and negative texts, calculated



Leveraging PyThaiNLP for Sentiment Analysis of Thai Online Text:...
Sunisa Duangtham et al.

279

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

using equation (2), was 81.10%, 80.16%, and
80.97%, respectively. The recall for positive,
neutral, and negative texts, calculated
using equation (3), was 83.30%, 75.60%,
and 84.30%, respectively. The f-measure for
positive, neutral, and negative texts, calculated
using equation (4), was 82.18%, 77.81%, and
82.47%, respectively.

The model calculated the total
computational time for the test set as
0.0010001659393310547 seconds with
1,500 texts in the test set. Therefore, using
equation (5), the computational time per text
was 0.0000006668 seconds.

The model’s performance before and
after dictionary augmentation were improved
throughout the board as a result of only
additional forty new words in the existing
data. Furthermore, the accuracy, precision,
recall, and f-measure are high for the best
performance model indicating that the model

performs well across different sentiment

True label

neg neu pos
Predicted label

Figure 3. Confusion Matrix: Results of the
analysis of texts by the best performance
model.

categories. Additionally, the computational
time per text is very low, making this model

suitable for practical use.

5. Discussion

5.1 Comparison of Data Splitting

From the comparison of accuracy
values of sentiment analysis models for online
Thai text, it was found that the amount of
data used for training has an impact on
accuracy. The more data used for training, the
higher the accuracy of the model. As seen
from Tables 3 and 4, models trained with
90% of the data have higher accuracy than
those trained with 85%, and models trained
with 85% of the data have higher accuracy
than those trained with 80%.

5.2 Comparison of Word
Tokenization

In comparing the accuracy values of
sentiment analysis models for online Thai text,
it was found that the multi_cut tokenization
tool, which employs maximal matching, resulted
in the lowest accuracy. This was observed
when compared with models using longest
matching and newmm tokenization tools,
which provided similar accuracy values. The
models using the newmm tokenization tool
consistently showed the highest accuracy, as

seen in Table 4.

5.3 Comparison of Dictionaries

The addition of vocabulary words to

the existing dictionary from the PyThaiNLP
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library resulted in an increase in the accuracy
of the model. This can be seen from the results
in Table 3 (before dictionary augmentation)
and Table 4 (after dictionary augmentation).
The same algorithm, tokenization tool, and
train-test split were used, but the accuracy
in Table 4 is higher because the model
in Table 4 had an augmented dictionary
before tokenization. This allowed the model
to recognize more words, leading to more
accurate tokenization and predictions. For
example, before the dictionary augmentation,
the text “liviastas” (“not handsome at all”)
was tokenized as “[li, wan, waa]” (“[not,
handsome, at all]”), leading to an incorrect
prediction of positive sentiment because
the word ““d@e” (handsome) was present
in the text. However, the true sentiment of
this text is negative as it conveys an insult.
With the augmented dictionary, the text was
tokenized as “[laiude, @e]” (“[not handsome,
at all]”) and correctly predicted as negative
sentiment. This illustrates why models with
an augmented dictionary before tokenization
predict texts more accurately and have
higher accuracy compared to models without

dictionary augmentation.

5.4 Comparison of Algorithms

In comparing the accuracy values of
sentiment analysis models for Thai text, it
was found that the SVM algorithm yielded
the lowest accuracy. This was observed that
the models using logistic regression (with
or without SGD) provided similar accuracy

values. Logistic regression without SGD yielded

the highest accuracy, while logistic regression
with SGD achieved the highest precision for

each text category.

Algorithms used in the model
comparisons utilized default parameters from
scikit-learn. This resulted in the SVM algorithm
having the lowest accuracy, followed by logistic
regression with SGD and then without SGD.
Adjusting the parameters in future research

might yield different results.

6. Conclusion

The comparison of models revealed
that the model generated from the logistic
regression algorithm, with a 90:10 split for
training and testing data, using the newmm
tokenization tool with an augmented dictionary,
achieved the highest accuracy of 80.73%.
Additionally, it exhibited a precision of 81.10%
for analyzing text with positive sentiment,
80.16% for text with neutral sentiment, and
80.97% for text with negative sentiment.
The dictionary augmentation shows a clear
improvement for all the models despite
adding only a few words. The future direction
of this work will be improving the dictionary
for better performance of the online Thai

text sentiment analysis.

This model is suitable for predicting
sentiment in Thai texts on online media.
However, it may not be appropriate for
predicting sentiment in academic articles or
articles requiring deep understanding. This is
because the dataset consists of Thai language

texts from online media with free topics, and
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the data preparation was specifically tailored
for such texts.
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the knowledge and skills to flood situation preparedness of

their workplace or missions was analyzed through sub-questions

and illustrated in a series of tables. The results showed that the
contents of the knowledge sharing were comprehended between
82-90%. Following the technological workshop, the participants
planned to use the knowledge to flood preparedness at 100%
with measured skills at 100%. The paper concluded that 100%
of the respondents agreed with the use of the flood simulation
system in terms of building cooperation upon the knowledge and
technology exposure, collaboration with relevant agencies, and
support for the implementation of the flood simulation system.
The official coordination of agencies and institutes was the key for
the successfully organized activities, thus be it the new process
for the focus-group public participation of local administrative

organizations.
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1. Introduction

Situated between mountains running
North-South, the area of Tha Wang Pha
District, Nan Province, is a basin (Figure 1 left)
in the north of Nan Province that supports
the whole Nan River flowing downwards and
into the Chao Phraya River. Therefore, the
study area about 60.83 sg.km. of Tha Wang
Pha District (Figure 1 right) is the first lowland
area, painted in blue representing frequent
flooding risk. Recurring flooding problems in
Tha Wang Pha District directly and indirectly
affect 50,519 people, for example, the Kon
Son Tropical Storm in 2010 affecting 2,437
people in 5 villages, from heavy rains on 7
August 2011. Soil and mud flood kept villagers
stranded and unable to lift electrical
appliances, vehicles and agricultural equipment
to higher ground. There were also landslides
and fallen trees blocking the road in Ban Sop
Khun - Doi Tiw and Ban San Charoen, making
villagers of more than 6 villages unable to
pass through.

Figure 1. Nan River Basin (left)

Government officials in Tha Wang
Pha District recognize the importance of
encouraging people and localities to take
care of themselves. However, as far as the
discussion with authorities in the district
was concerned, access to the technology
that helps local communities to prepare for
and deal with the flood situation has never
been provided. This paper gives the aspect
of the people willingness to adopt the flood
simulation system already delivered to a
military unit in the area rather than tries to
deliberately explain the creation of the system
itself. The flood simulation system was used
as a medium for activities of transferring the
knowledge and technology and technical
workshop in order to study a new process
for the invited and focus-group participation
of 7 local administrative organizations in Tha
Wang Pha District, Nan Province.

Banks (1998) defined simulation as
the imitation of the operating of a real-world

process or system over time to describe

oS

e sat i iy

and study area (right)
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and analyze the behavior of the system,
ask what-if questions about a real system,
and aid in the design of real systems. The
flood simulation system in this study was
developed to imitate real flooding situations
in which its users can simulate a what-if-
the-flood-level-was-x.xx-meters-from-
a-reference-station question and realize the
damage the people might anticipate, that is,
simulating to achieve subjective goals. Balci
(1998) stated that the reason for subjectivity
was twofold: modelling was an art and
credibility assessment was situation dependent,
and further required that a unifying approach
to measure qualitative as well as quantitative
aspects of a simulation be studied. Since the
public participation in this study was to include
various decision making groups, the results
needed to constitute a form of supporting
their decision making. Following the work
of Musselman (1998) closely, the activities
detailed in this paper were to reflect how
comprehensive the decision makers were
towards their results when the welfare of
the people of Tha Wang Pha District was at
stake amidst flooding situations.

This research paper described the
knowledge and technology transfer of the
flood simulation system which was the
product of the cooperation between Defence
Technology Institute and Chiang Mai University,
previously delivered to Mobile Development
Unit 31 in Nan Province. Literature review on
public participation and significant leadership
coordination during emerging incidents was

emphasized and on remote sensing and GIS

for a reliable simulation system was sampled.
The activities to transfer knowledge and
technology on the flood simulation system
to 7 local administrative organizations in Tha
Wang Pha District and Nan Provincial Office
of Disaster Prevention and Mitigation, Chiang
Klang Branch was presented by the proposed
methodology. The flood simulation system
was demonstrated with its founding knowledge
bodies, being both creditable advocacy and
delivered knowledge contents. Processes to
arrive at the dashboard was presented in a
cartographic modelling diagram. The activities
and their results were summarized and discussed
towards the end of the paper. Conclusion
and recommendations were provided at
the end.

2. Related Work

Disasters have an impact on the life
of communities. Negative effects lead many
communities to engage in disaster mitigation,
for example Cambria, Ca. The study of Lucett
(2002) revealed the treatments (chipping,
limbing, invasive species removal, and prescribed
fire) that were accepted in the community of
Cambria as well as identifying common areas
of management priorities among Cambrians.
Yeo & Comfort (2017) examined the structural
characteristics of large-scale, inter-sector and
multi-jurisdictional flood response coordination
during the 2011 Thailand floods and identified
three major gaps including the highly
fragmented coordination structure, the poorly
leveraged inter-sector relationships, and the

weak liaison of provincial organizations to
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serve upper and lower actors. As the literature
suggested, the flood simulation system was,
then, used as the medium of coordination

in this research paper.

Duan et al. (2020) employed a
structural equation model to study the
influencing factors of public participation in
the meteorological disaster prevention and
mitigation. They found that the behavior of
the government had a significant positive
influence on the public’s participative
willingness. When it came to individual
response to disaster prevention and
mitigation, Abdulkasan et al. (2021) determined
the extent of participation among citizens of
Cotabato City, Philippines in five participation
goals: inform, consult, involve, collaborate,
and empower. Conclusively, government,
community and down to individual
participation played an important role in
disaster management. Thus, there was the
need to study for the process that every
engaging party would participate to anticipate
successful disaster prevention and mitigation,

and this paper tried to respond to that need.

To meet the complex needs of
vulnerable populations, Adams et al. (2022)
developed a free online course to draw on
decades of research to examine the factors
that influenced social vulnerability to
disasters. Back in 2007, Bryman stated that
the widely held principle of social research
was questionable as a representation of
social research practice. Ismail & Zubairi (2022)

examined the content validity evidence of

an instrument to measure the reading ability
of university students using Item Objective
Congruence (I0C) analysis. Therefore, this
current research for public participation included
formulating questionnaires that underwent

the 10C analysis for questionnaire liability.

Gultom (2016) investigated how
the culture and network ties of an affected
community encouraged trust and participation
in disaster communication. Kamarudin et al.
(2018) explained one of 5 strategic results
for disaster risk reduction from focus group
discussion was to improve the level of
cooperation and risk communication between
agencies to identify victims’ status, facilities/
property affected or damaged during the
disaster. Hsu (2017) examined village heads’
information seeking and decision making in
2014 Kaohsiung Blast and found that they
received regular disaster trainings but acted
like lay people during the incident. To sum
up, with the increasingly common occurrence
of unprecedented disasters, researchers and
practitioners need to study how community
leaders reacted differently to different
disasters and how their authority, knowledge,

and social capital interacted.

Recently, Marchezini et al. (2022)
aimed to identify gaps and the potentialities
of citizen-generated data in an international
virtual dialogue that engaged 40 public
servants, practitioners, academics and
policymakers from Brazilian and British
hazard and risk monitoring agencies during

the Covid-19 pandemic. The common
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challenges identified were lack of local data,
data integration systems, data visualization
tools and lack of communication between
flood agencies. Tamang et al. (2014) introduced
a method to predict the area vulnerable to
flood and integrated MIKE 11 GIS to provide
surface geometry modeling. Bibi, Nawaz, &
Abdul (2018) reported that the Union Council
Agra in Pakistan vulnerability to flood hazard
was due mainly to its geographical location
and the lack of pre-disaster preparedness
activities. There was an immense need of
prevention and mitigation measure as floods

were frequently occurring disaster in the area.

Khamutova et al. (2021) presented
main components, models and methods
of forecasting and the structure of a typical
flood monitoring and forecasting system. The
simulation results provided a more complete
picture of the flood development in the
dynamics and allowed decision makers
to plan actions aimed at preventing and
eliminating the effects of floods made
effectively. Samdaengchai et al. (2022)
analyzed disasters caused by flood via data
from Sentinel-1 Satellite in Sukhothai Province,
Thailand. At this provincial level, data on
flood analyzed from optical data was at flood
areas of 106.632 sg.km. and at 96.751 sg.km.
from radar Sentinel-1 Satellite at around
9.593% difference. More criteria on sensors,
acquisition time, to name a few, needed
intensive consideration if accurate flooded

area results were anticipated.

van den Bout et al. (2023) explained
FastFlood model with the potential to alter
the field of flood modelling. It showed two
orders of magnitude of increase in simulation
speed, while obtaining highly similar accuracy
as full dynamic models in presented case
studies. With the reported increase in simulation
speed, many avenues of research and
application might be unlocked, from ensemble
modelling for uncertainty, user-interactivity
in web interfaces, or real-time modelling of
large areas in early warning systems. However,
the report reminded research communities to
note that the aim of the FastFlood method
was not to provide the most accurate flood
hazard prediction and not with fine resolution.
Therefore, the validity of the underlying
assumptions were more focused to risk
reduction planning or early warning at a large
flooded area extent.

3. Method and Materials

3.1 Method

The flood simulation system was the
product of the agreement between Defence
Technology Institute and Chiang Mai University
institutionalized cooperation already delivered
to Mobile Development Unit 3 and was
affirmative upon military acceptance for
use. In 2021, data collection included
UAV terrain modelling, ground survey for
construction, buildings and seasonal
agricultural products, making the data for
damage assessment dashboard with GIS

analysis an obvious and temporal drawback.
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The understanding of the system provided
by bodies of knowledge and technology
underlying the system was seen as the key
to open the door to local administrative
acceptance. Therefore, it is hypothetical that
knowledge and technology transfer activities
of the flooding simulation system will gain
acceptance from representatives of invited
local administrative organizations to embrace
the system as the tool for flood situation
preparedness and risk reduction and also
bring a new process for focus-group public
participation of the invited local administrative

organizations.

The research methodology for the
knowledge and technology transfer of flood
simulation system is illustrated in Figure 2.
It is a target group-participatory approach.
There were two frameworks in the activities.
Framework 1: knowledge sharing among

researchers from DTI, Chiang Mai University

Dashboard components: Damage Assessment Report

Damaged values of construction

178,018.3 Baht

and officials of Chiang Klang Branch for a
common understanding of the flood
simulation system. The bodies of knowledge to
share included field survey, terrain modelling
with unmanned aerial vehicle, creation of
a geo-spatial database, creation of 3D common
operating picture, damage assessment from
flood situations, and creation of a dashboard
to support damage assessment from flood
situations. Framework 2: technological workshop
to transfer technology from the researchers
to the officials of Chiang Klang Branch and
representatives of the 7 local government
organizations. Questionnaires were used to
assess skills of the target groups capable of,
for example, locating each flooded house in
the system, and checking how the house/
property is damaged when simulating the
flood level x meters high from the reference

station.

Affected area

Affected people

1.8k households

Damaged values 3f agiiquitural products

1,

915,361 Biht~

Figure 2. The research methodology flow chart
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1.Defence Technology Institute
2.Chiang Mai University

Access by QR Code
Or sharing URL Link

I

Flood Simulation System

Methods for transferring
knowledge and technology

\ 1.Nan Provincial Disaster
¢ | Prevention and Mitigation
2. Technological workshop | Office at Chiang Klang branch
‘ 2.Local administrative
i) ‘ organizations in 7 sub-districts

1. Knowledge Sharing

Flood situation
preparedness

-

Assessment of knowledge and
technology skills with a questionnaire

2781373.6um  25.788,340.4 uw

Check how the house/property is

damaged when simulating the flood level
x meters high from a reference station

Figure 3. The flood simulation system dashboard

3.2 Materials

3.2.1 The Flood Simulation
System

The flood simulation system for Tha
Wang Pha District, Nan Province, was the product
from the application of the knowledge shared
in Framework 1 to the local officials of Chiang
Klang Branch and the 7 sub-district administrative
organizations of Tha Wang Pha District, Nan
Province consisting of 10 villages of Tan
Chum, 9 villages of Rim, 8 villages of Si Phum,
7 villages of Tha Wang Pha, 5 villages of Pa
Kha, 2 villages of Pha Tor, and 2 villages of
Saen Thong.

The flood simulation system made
available by ArcGIS online as shown in Figure 3
consists of three main components: 1) toolbar

shown as the left dotted box of Figure 3

working in conjunction with map display
and links commands to display flood level
simulation, agricultural activity data, water
level reference stations, village locations,
and administrative data; 2) map component
shown as the middle dotted box of Figure 3 for
controlling the display of 2D/3D maps, details
of affected villagers, agricultural data, and
weather forecast; and 3) damage assessment
providing the analysis of the area and the
simulation of flood level by determining the
water level in the situation at every input
20 cm. interval from reference stations of
the Nan River. This information was used to
analyze the flood situation effecting buildings
and agricultural areas. The value of the building
and its assets, and the crop vyield per rai
and the value were calculated for damage
assessment, as shown in the enlarged inset

on the left of Figure 3.
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Data preparation

Aerial images/fine satellite images Field survey
classification l
DTM processing digifize dightize
v v | y
Roads Water Building Agricultural DEM Water-prone Water level at
ways areas areas areas and water Nan river watergate
level
Spatial analysis and flood level situation
DEM Water way Area and past flood level Water level at
| | Nan river and watergate
reclassification buffer
I Terrain elevation l Water way and Buffer combination for simulation

1 | J
overlay
v

| Area and situational flood in 20 cm interval |

Residential and agricultural flooded areas

Building area DEM Agricultural area

T T
overlay overlay
Buildings with base height Agricultural areas with terrain elevation Area and situational flood in
I 20 cm interval
|
, . : |
scenarlo analysls scenario analysis
Building data each with water level | | Agricultural areas with flood level

—am m e mesmssma el
T

Field surve
Building data each Y Agricultural areas
‘ "' with flood level

with water level
- Building value - Crop types
- Asset of building - Value/agricultural
- Infrastructure (road) products
| 1
Mul ﬂcnterlla Analysis

1
| Damage assessment from flood

Figure 4. Cartographic modelling for the dashboard

3.2.2 Cartographic Modelling for  diagram that consisted of 4 main steps towards

Damage Assessment Dashboard  the damage assessment tool. In data

o ) preparation, the study area was first acquired by
The dashboard creation illustrated in ] ) .
' . ) UAV at 10 m. resolution with equal positional
Figure 4 was a novel cartographic modelling
accuracy to ASPRS standard 1:500 map of no
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less than 0.125 m. This UAV terrain modelling
yielded 10 cm ortho-imagery with horizontal
and vertical accuracy of no less than 8 cm.
and 15 cm. respectively, allowing the spatial
analysis for contour intervals of 20 cm.
as incremental flood simulation levels.
Residential and agricultural areas were
thoroughly surveyed to accommodate accurate
and real values in 2021 and to attain reliable
and verifiable flooding scenario analysis.
Damage assessment values, for example, rice
at 1,113 baht/rai and house each at 49,500
baht, followed guidelines for the damage
assessment of Ministry of Agriculture and

Cooperatives regarding flood-caused damages.

3.2.3 Questionnaire

Questionnaires were to respond to the
designed frameworks where questionnaire no.1
tried to create the common understanding
towards the system and questionnaire no. 2
tried to assess skills of the target groups in
linking the acquired knowledge to utilization
of the system for trial use. Ratings were set
from the most (5), much (4), moderate (3),
little (2), and the least (1). Purposely, the
questionnaire no.1 was to assess the
anticipation of the knowledge sharing that
included the knowledge and skills of each
training topic both before and after the
training and most importantly on applying
the knowledge to prepare for flood
situations, the questionnaire no. 2 was to collect
technological details of the flood simulation
system that the target group received before

and after the workshop.

3.2.4 Index of Item Objective
Congruence (I0C)

The guestionnaires were presented to
5 experts to determine content validity, the
index of consistency between questions and
the objectives or IOC; being 1 interpreted as
consistent with the objectives, 0 as uncertain
and -1 as inconsistent with the objectives.
The 10C was calculated by:

YR (1)
N

I0C =

where IOC = Index of Item-Objective
Congruence, 2% ; R = sum of the scores for
question 1 to question n, and N = the number

of experts.

The I0C calculation gave all questions
to each arrive at greater than 0.5, whereby
the IOC for each questionnaire must be > 0.5
to ensure the questionnaire meet the desired

content and fit for use in the questionnaire.

3.2.5 Manual of the Flood
Simulation System

The manual was provided in form of
a tab on the ArcGIS online map engine with
sections of introducing the toolbar section
within the dashboard, flood elevation
simulation, detailed display of agricultural
data, water level station location information,
village location information, jurisdiction
information, weather information, using toolbars
within the map, and dashboard map section.

It also included data needed to answer the



The Flood Simulation System as a New Process for Public Participation of...
Chamnan Kumsap et al.

292

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

questions indicated in the questionnaires.
Copies of the manual were also distributed
at the activities of knowledge sharing,
technological workshop, and focus group
apart from the QR code or URL.

4. Experimental Results

4.1 Knowledge Sharing

The activity was held on 13 - 14
June 2023 at Si Phum sub-district conference
center for 50 experts and authorities from the
7 invited sub-districts. The results of before
and after knowledge sharing was summarized
in Table 1. The result on field survey showed
the knowledge of the respondents on the
subject. Before the event participation, there was
no respondent with the most, 5 respondents
with much, 32 respondents with moderate,
and 13 respondents with little and least
knowledge and skills. After participating the
activity, 5 respondents had the most level
of knowledge and skill, respondents with
increased knowledge and skills rising up to 40,

and 5 respondents had the moderate level

Table 1.

of knowledge and skills. Therefore, it can be
seen that 45 out of 50 of the respondents
had knowledge and skill on the field survey

at the most and much levels or at 90%.

On UAV based terrain modeling, Table
1 shows 1 respondent with much knowledge
and skill, 29 respondents with moderate
knowledge and skill, and 20 respondents with
little and least knowledge and skill. Upon
the activity participation, the Table shows 1
respondent with the most knowledge and
skill, 40 respondents at the much, and 9
respondents on the moderate level. Totally,
82% of the respondents had the knowledge

and skill at most and much levels.

For geo-spatial database creation,
Table 1 shows no respondents were with
the most level, only 2 persons with much
level, 33 persons with moderate level, and 15
respondents with little and least level. After
the activity ended, the Table shows 2 persons
were at the most level, 42 persons at the
much level, and 6 persons at the moderate

level. Therefore, 88% of the respondents

Summary of before and after knowledge sharing

Knowledge on the topic before

Shared knowledge bodies

the knowledge sharing

Knowledge on the topic after

the knowledge sharing

Most ~ Much Moderate  Little least Most ~Much  Moderate Little least
Field survey - 5 32 12 1 5 40 5
UAV based terrain modeling - 1 29 12 8 1 40 9
Geo-spatial database creation - 2 33 12 3 2 42 6
Flood damage assessment
- 1 39 9 1 2 a1 7

and dashboard creation
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had the knowledge and skill at the most and

much levels.

Table 1 shows the results on flood
damage assessment and dashboard creation.
Before participating in the event, there was
no person with the most knowledge and
skill, only 1 person with the much level, 39
persons with the moderate level, and 10
persons with the little and least levels. After
the activity ended, the Table shows that 2
persons were with the most level, 41 persons
with the much level, and 7 persons with the
moderate level, making 86 percent with the

much and most levels.

4.2 Plan to Apply the Knowledge
and Skills to Flood Situation
Preparedness

On questionnaire questions of how
the participants planned to apply the gained
knowledge and skills, Table 2 shows that 13
persons were ready at the most level, 31
persons at the much level and 6 persons at
the moderate level. Therefore, the participants
were able to apply the gained knowledge and
skills at 88 percent. For their own use, the
Table says that 14 persons were able to at

Table 2.

the most level, 29 at the much level, and 7
persons at the moderate level, meaning that
the participants were able to use the received
knowledge and skills at 86 percent. Finally,
Table 2 says that 14 persons were able to
disseminate the acquired knowledge and skills
to their agencies with 29 and 7 persons at the
much level and moderate level, respectively.
Therefore, 86 percent of the participants were
able to disseminate knowledge/transfer to

their agencies at the most and much levels.

4.3 Technological Workshop

Four questions on the use of the
dashboard were as follows: 1) determining
reference station to increment the flood level;
2) inputting house or building coordinates in
the study area on the system; 3) investigating
the value of damaged buildings and
agricultural areas; and 4) checking the number
of affected people in the area. The measured

numbers are summarized in Table 3.

With the measured skill to determine
reference station to increment the flood level,
Table 3 shows one respondent with the most,
7 with the much, 17 with the moderate, 21
with the little, and 4 with the least level,

Summary of plan to use the knowledge to flood preparedness

Knowledge on the topic before the knowledge sharing

Knowledge application

Most Much Moderate Little least
Work back in office 13 31 6 - -
Apply for own use 14 29 7 - -
Disseminate/transfer further 14 29 7 - -
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Table 3. Summary of measured skills
Levels of measured skill
Activities
Most Much Moderate Little least

Determining reference station

Before workshop 1 7 17 21 4

After workshop 13 29 8 - -
Inputting coordinates

Before workshop - 8 17 21 4

After workshop 12 32 6 - -
Investigating values

Before workshop - 9 14 24 3

After workshop 14 30 6 - -
Checking the number of affected people

Before workshop - 7 17 23 3

After workshop 15 30 5 - -

meaning that 50 percent of the respondents
having the little or least levels.

However, the Table shows 13
respondents having the most level with 29
having the much level, 8 having the moderate
level, and no respondents with the little or
least level after the workshop. Therefore,
the respondents, at least, were able to set
a reference station at the moderate level

after the activity.

For the skill to input house or building
coordinates of the study area on the system,
the Table reveals 8 respondents with the
much, 17 with the moderate, 21 with the little,
and 4 with the least level, meaning that 50
percent of the respondents having the little

or least levels. But after the workshop, the

Table says 12 respondents having the most
level, 32 having the much level, 6 having the
moderate level, and none having the little or
least level, meaning that the respondents, at
least, were able to input house or building
coordinates of the study area on the system

at the moderate level.

With the skill to investigate the value of
damaged buildings and agricultural areas, the
Table shows none with the most knowledge
and skills, 9 with the much level, 14 with the
moderate level, 24 with the little, and 3 with
the least level, meaning that 54 percent of the
respondents having little or least knowledge
and skills. But after the workshop, the Table
says 14 respondents having the most level, 30

having the much level, 6 having the moderate
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level, and none having little or least level,
meaning that the technical training allowed
the respondents to, at least, detect the
damage to buildings and agricultural areas at

the moderate level.

For the skill to check the number of
affected people in the area, Table 3 has no
respondents with the most knowledge and
skills, 7 with the much level, 17 with the
moderate level, 23 with the little level, and 3
with the least level, meaning that more than
50 percent of the respondents having little but
no least knowledge and skills. But after the
workshop, the Table shows 15 respondents
having the most level, 30 having the much
level, 5 having the moderate level, and none
having the little nor least level, meaning
that the flood simulation system enabled
the respondents to monitor the number of
affected people in the area, at least, at the

moderate level.

Table 4.

4.4 Collaborative Workshop

To assess the attitude of the
respondents to embrace the flood simulation
system in their work routine for collaboration
among local administrative organizations, the
questionnaire was designed to evaluate the
results in terms of building cooperation on
the acquired knowledge and technology, the
collaboration of engaged agencies, and the

support for implementation of the system.

4.4.1 To Embrace the System
for Building Cooperation on
the Acquired Knowledge and
Technology

Table 4 shows the prospect of how
cooperatively the respondents reacted when
exposed to the knowledge and technology.
There were sub-questions to extract on the
point of the respondents using the internet
to find information about floods and other

disasters. Ten respondents rated most to

Summary of cooperating the acquired knowledge and technology

Levels of agreement

Cooperative activities

Most Much Moderate Little least
Using the internet for information about
, 10 33 6 1 -
floods and other disasters
Information obtained from internet to
- 12 27 11 - -
help make decisions
Technology and information used in deal-
: . N ) 2 26 21 1 -
ing with flood situations/other disasters
Technology to deal with the flood situation
22 22 6 - -

and reduce the damage to the people
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the question, 33 gave much for an answer,
6 gave moderate for an answer, and 1 gave
least for an answer. The result shows that
98 percent of the respondents used the
internet to search for information about flood
situation and other disasters. Therefore, the
internet played a key role on reaching out

to an outside source.

The second cooperative activity was
measured on how useful the respondents
viewed on the information obtained from
internet searches that would help make
decisions. Twelve respondents gave most
for an answer, 27 gave much for an answer,
and 11 responded moderately. The Table
shows that 100 percent of the respondents
used the information obtained from internet
searches to make decisions with the plan to

deal with various flood/disaster situations.

For the question of technology and
information from the internet being used in
dealing with flood situations/other disasters,
two respondents gave most for an answer,
26 respondents gave much for an answer, 21
persons gave moderate for an answer, and
only 1 person gave the least for an answer.
The Table shows that 98 percent of the
respondents in use of the technology and
information from the internet were able to
say useful in dealing with flood situations/

other disasters.

For the question of whether the
technology could help the respondents plan

to deal with the flood situation to help reduce

the damage to the people, 22 respondents
gave most for an answer, 22 persons gave
much for an answer, and 6 respondents gave
moderate to the answer. The Table also shows
that 100 percent of the respondents believed
technology could help the respondents plan
to deal with the flood situation to help reduce
the damage to the people.

4.4.2 To Build Cooperation on
the Acquired Knowledge and
Technology

Table 5 shows the prospect of how
the respondents build cooperation on the
acquired knowledge and technology. There
were sub-questions to show how they built

such cooperation.

To cherish network and cooperation
with stakeholders or other relevant agencies,
the respondents would request assistance from
relevant agencies when a flood situation took
place. Twelve respondents gave most for an
answer, 32 gave much for an answer, and 6
gave moderate for an answer. The Table shows
that no respondents or responsible agencies

worked alone during the flood situation.

The Table shows a strong tie of the
respondents with other local government
agencies. Nineteen respondents gave most
for an answer, 28 gave much for an answer,
and 3 gave moderate for an answer. It reveals
that 100 percent of the respondents agreed
that their agencies had good relationships

with other government agencies.
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Table 5.

Summary of building cooperation on the acquired knowledge and technology

Levels of agreement

Building cooperation activities

Most Much Moderate Little least
Requesting assistance from relevant agencies 12 32 6 - -
Strong tie of the respondents with other local 08 5
government agencies
Having a network of cooperation to provide 9 36 5
help for each other
Dealing with flood situation demanding the a1 5

cooperation of many agencies

From Table 5, it shows whether the
agencies of respondents had a network of
cooperation to provide help for each other
when flooding occurs. Nine respondents gave
most for an answer, 36 persons gave much for
an answer, and 5 persons gave moderate for
an answer. They all agreed that the agencies
had a network of cooperation to help each

other when flooding occurred.

Finally, the Table shows whether the
agencies of respondents dealt with the flood
situation by demanding the cooperation of
many agencies. Seventeen respondents gave
most for an answer, 31 gave much for an
answer, and 2 gave moderate for an answer.
They all agreed that coping with the flood
situation required the cooperation of many

agencies.

4.4.3 To Support the Implemen-
tation of the Flood Simulation
System

Table 6 summarizes the encouragement

of the respondents to use the system to cope

with flooding or other disasters. It shows good
encouragement of the respondent agencies
to use modern technology to cope with
flooding or other disasters. Ten respondents
gave most for an answer, 18 respondents gave
much for an answer, and 22 respondents
gave moderate for an answer. Most of them
agreed that the activities encouraged them
to use the technology in dealing with flood

situations or other disasters.

The Table reveals the respondents’
support of having devices or technologies and
in support of the use of technology. Only 1
respondent gave most for an answer, 20 gave
much for an answer, 20 gave moderate for an
answer and 9 gave little for an answer. Thus, the
respondents believed that there were devices
and technology for disaster management

and supported the use of technology.

The Table shows the ability of the
respondents to share the flood simulation
technology with others. Two respondents
gave most for an answer, 37 respondents gave

a much for an answer, and 11 respondents
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gave a moderate for an answer. Assumedly,
the respondents were certain to distribute

the flood simulation system to others.

The Table shows respondents’
willingness to recommend/transfer the flood
simulation system to others. Five respondents
gave most for an answer, 39 respondents gave
much for an answer, and 6 respondents gave
moderate for an answer. It can be anticipated
that the flood simulation system will be

recommended/transferred to others.

Table 6 also shows the respondents’
view of whether the flood simulation system
could help to reduce the loss/damage from
the flood situation. Seventeen respondents
gave most for an answer, 33 gave much for
an answer. Therefore, 100 percent of the
respondents agreed that the flood simulation
system could reduce the loss/damage of
flooding situations.

Table 6.
disasters

Finally, Table 6 shows if the respon-
dents thought that the simulation system was
useful for planning for flooding. Seventeen
respondents gave most for an answer, 27
respondents gave much for an answer, and
6 respondents gave moderate for an answer.
Therefore, 100% of the respondents agreed
that when the flood situation occurred,
the flood simulation system was useful for

planning for flooding situations.

Therefore, it can be concluded from
the summary of Table 6 that 100% of the
respondents agreed with the use of the
flood simulation system in terms of building
cooperation through knowledge and technology
exposure, collaboration with relevant agencies,
and support for the implementation of the

system.

Summary of the support for use of the system to cope with flooding or other

Activities of supporting the use of the system

Levels of support

Most Much Moderate Little  least

Encouragement to use modern technology to cope 10 18 2
with flooding or other disasters
Having devices or technologies and su ting th

s s pporing the 1 20 20 9 -
use of technology
Ability to share the flood simulation technology 5 a7 1
with others
Recommending/transferring the flood simulation 5 39 6
system to others
The system helped to reduce the loss/damage from 17 33
the flood situation
The system was useful for planning for flooding 17 27 6 - -
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5. Discussion

Table 7 gives the results in percentage
of after knowledge and technology transfer
activities for focus-group public participation.
Where the acquired knowledge was
concerned, only much and most levels were
cited as significant for the following activities
and deemed crucial to the decisiveness to
embrace the technology for later routine use.
Where technological and technical skills were
involved, the moderate up to most level
were summed up in the Table, given just a
few day activities but that much picked up
technical skill. Answers for sub-questions as
seen in the last three rows of the Table were

in an overall.

From Table 7, the knowledge sharing
was considered a success. The knowledge of
the respondents after attending the activity on

field survey was rated 90% at most and much

Table 7.
focus-group public participation

levels, on UAV based terrain modelling rated
82% at most and much levels, on geo-spatial
data creation rated 88% at most and much
levels, and on flooding damage assessment
and dashboard creation rated 86% at most
and much levels. Therefore, the knowledge
sharing delivered the good understanding of
the representatives of the local organizations
towards the flood simulation system. That
was the crucial key for them to embrace the

system for their flood situation preparedness.

As the activity was conducted to
assess whether the respondents were certain
to apply the knowledge and skills to flood
situation preparedness, 100 percent of the
participants were able to apply the gained
knowledge and skills to work in their units,
100 percent confident and able to apply
the received knowledge and skills, and 100
percent able to disseminate knowledge/

transfer to their agencies. Therefore, it was

Results in percentage of after knowledge and technology transfer activities for

Activities of knowledge
and technology transfer

Levels of knowledge and technology
comprehension

Most  Much  Moderate Little least
Knowledge sharing 82-90% - - -
Plan to use the knowledge to flood preparedness 100% - -
Measured skills after the technological workshop 100% - -
Willingness to cooperate the acquired knowledge
98-100% - -
and technology
Building cooperation on the acquired knowledge
100% - -
and technology
Support for use of the system to cope with
PP Y P 82-100% - -

flooding or other disasters
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increasingly convincing that the participants
were certain to apply the knowledge and

skills to the flood situation preparedness.

For the technological workshop, the
results showed that they managed to determine
the reference station, to increment the flood
level, to set the reference station, and to
increment the height of the flood level at
least at the moderate level and showed none
at little or least levels. That may have led
to the assumption that they could use the
system at ease and could have had positive
implication where the building cooperation
was concerned. Indeed, that linked to the fact
that 100% of the respondents agreed with the
use of the flood simulation system in terms

of building cooperation through knowledge

and technology exposure, collaboration
with relevant agencies, and support for the

implementation of the flood simulation system.

It was gathered from the literature
review that the weak liaison to serve upper and
lower actors indicated the lack of coordination
to the need for the process in that every
engaging party could participate to achieve
successful disaster prevention and mitigation.
When the activity was successfully organized,
the questionnaire commonly used to extract
the required essence should undergo the
IOC analysis for questionnaire liability. The
contents should not discard the point where
community leaders would react differently
to different disasters and how their authority,

knowledge, and social capital would interact.

Knowledge sharing: 1) field survey,

2) UAV based terrain modelling,
3 3)geo-spatial database creation, and
4) flood damage assessment and
dashboard creation: at 82-90%

" Defence Technology Institute
Chiang Mai University

l

rJ

Technical Worksho

Coordinated by official documents flood Preparedness at 100%
signed by an organization CEO 2. Measured skills after the
l technological workshop at
1. Nan Provincial Sty
- Nan Frovinci 3. Willingness to cooperate the
Disaster Prevention

and Mitigation Office Tl
at Chiang Klang branch

2. Administrative
organizations of Tha

Wang Pha District, Tan —
Chum sub-district, Rim
sub-district, Si Phum
sub-district, Pa Kha
sub-district, Pha Tor
sub-district, and Saen

Thong sub-district.

1. Plan to use the knowledge to

acquired knowledge and
technology at98 -100%
4. Building cooperation on the
acquired knowledge and
technology at 100%
S.Support for use of the system
to cope with flooding or other
disasters at 82-100%

Vi
0

Analysis by
questionnaires
after activities

Iimonlimmwi&avﬁhblemnll

Figure 5. The new process for public participation of local administrative organizations
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Thus, all the results summarized
above were affirmative that the flood
simulation system could be used as the
tool among decision makers such as the
officials of Chiang Klang Branch and the local
authorities in flood situation preparedness
and risk reduction. The activities also hugely
contributed to the creation of the new process
for invited and focus-group public participation
of local administrative organizations such as
those in Tha Wang Pha District, Nan Province
as illustrated in Figure 5. The system was the
product previously delivered to the military
unit for test and evaluation and used in
this current study as the tool for formally

coordinated public participation.

The official coordination among relevant
agencies and institutes was the key for the
successfully organized activities. Official
documents signed by organization CEOs often
viewed as the enormous document workload
but strictly exercised in this study acted as
the evidence that all involved parties were
formally committed and to act accordingly to
arrive at the same goal of public services for
flooding situations. The analysis conducted on
the questionnaires after the activities played
the major role in accomplishing the success
of the knowledge and technology transfer

activities of the flood simulation system.

A few drawbacks of the flood
simulation system were realized and
periodically conveyed to the participants
while the activities being run. The 2021 data

collection especially for the field survey of the

construction, buildings and seasonal agricultural
products may have carried temporal errors
to yield current damage assessment at time
of using the simulation system, making the
seasonal updates of land use map containing
agricultural products necessary and the topic
worthy of further investigation. In addition,
the water level was mandatory to input each
incremental 20 cm interval from the reference
station to avoid clumsy online processing of
the simulation, making the damage assessment
to yield average values at that specific
input water level not anywhere in between.
The principles of modelling to simulating
that involve sampling to projecting may be
excusable in this study. In this regard, the
participants were aware and reminded early

in the knowledge sharing activity.

6. Conclusion and
Recommendations

The knowledge and technology transfer
was the process adopted to bring the flood
simulation system to the door steps of the
7 local administrative organizations in Tha
Wang Pha District, Nan Province. The district
is the first floodplain with repeated flooding
problems to have either directly or indirectly
effected 50,519 people. The knowledge
sharing and technology transfer via technical
workshop were introduced to create the new
way for 7 local administrative organizations to
represent as focus-group public participation
in the flooding situation preparedness.
Official documents were central to all the

necessary coordination and to have all
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involved parties committed to the same goal
of the local administrative preparedness for

flooding situation.

Having the respondents hugely valued
good relationships with other government
agencies, worked with and through the
network of cooperation to cope with the flooding
situation, and required the cooperation
of many agencies, other local administrative
organizations of Nan Province especially
those located along both sides of Nan river
banks should have the similar and extended
simulation system to push the results to a
larger extent. Where the respondents vastly
agreed with the use of the system for building
cooperation through knowledge and
technology exposure, required the collaboration
with relevant agencies, and encouraged
the support for the implementation of the
flood simulation system, the extension and
suggestion of this best practice should be
recommended to other local administrative

organizations.

From an insight into the flood
simulation system, the UAV based terrain
modeling and geo-spatial database creation
were technology dependent, and the focus
was prompted to the need of the field survey,
and flood damage assessment and dashboard
creation. The latter two processes had to be
equipped with seasonal changes as a result of
agricultural and manmade activities. Frequent
field survey is suggested in order for the flood

damage assessment and dashboard creation

to yield accurate and up-to-date results.
A complete circle of public participation
throughout the simulation process is seen to
reflect resilience and sustainability in disaster
preparedness and risk reduction. The damage
assessment and dashboard creation need to
really enjoy high performance computation
in order to make the utmost use of ultra-fine
resolution of the UAV terrain modelling. The
water level being allowed for users to input
incrementally much less than 20 cm interval
from the reference station will arguably yield
even more accurately averaged values, that
is, applying finer modelling to achieve more

realistically simulating results.
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Abstract: This article proposes a method for categorizing Mandarin
orange grades based on Chinese standards using a computer vision
system that integrates both hardware and software components.
A mechanical roller-flipping device adjusts the Mandarin orange’s
position in various orientations. Subsequently, a machine vision
system acquires thirty photographs of mandarin orange skin from
various viewpoints and employs many processing approaches,
such as image acquisition, blob analysis, preprocessing,
seegmentation, and feature extraction. The process of classifying
oranges involves applying techniques such as morphology, median
filtering, and the Fourier transform to identify and analyze pixels
that represent imperfections on the surface of the orange. Then
the faulty pixels are transformed into the diameter and the area
of the faults in order to classify them for grading. The experiment
demonstrates that the diameter and rectangular regions can be
utilized to categorize Mandarin oranges into three grades: Special
Grade, Grade 1, and Grade 2. Grade 3 can be determined by
measurement of the diameter and calculation of the percentage
of the faulty region in the orange peel. The overall recognition
accuracy by the system is 87.5%. This experimental method can
accurately identify defects in the skin of oranges, reducing labor

costs and the error rate of manual identification for enterprises.
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1. Introduction

Citrus cultivation covers an area of
1.85 million mu (123,333 hectares) in Guangxi,
China, yielding an output of 4.7 million tons.
China is the foremost global producer of
citrus fruits and maintains a substantial role as
an exporter of oranges (Spreen et al., 2020).
Nevertheless, the primary challenge is devising
a method to differentiate ill or contaminated
oranges from high-quality oranges, with
the aim of maintaining quality control over
mandarins throughout the whole process.
The key types of diseases that impact citrus
include oil spot disease, penicillium, scab
disease, Mal secco disease, anthrax, melanin
diseases, brown spot disease, phytophthora,
and citrus ulcers (Garg et al., 2023; Batuman
et al., 2020). This article primarily concentrates
on the visual categorization and arrangement
of orange skin resulting from melanosis and

melanin synthesis.

Machine vision is currently a key
technology in the field of intelligent devices and
automation (Kamalakannan & Rajamanickam,
2012; Dey, Biswas, & Le, 2023; Sangkatip,
2024). In order to improve the efficiency of
orange defect detection and to avoid the
following shortcomings of manual inspection:
1) Inefficiency. 2) High error rate. 3) Impact on
the well-being of inspectors. 4) Citrus is easily
damaged (Huang et al., 2021). In this study,
taking the skin characteristics of citrus as the
research object, a hardware system consisting
of an industrial camera (Hikvision Industrial
Camera MV-CU013-21UM), a conveyor belt,

and a computer was constructed, and the
photographs captured by the industrial camera
were transmitted to the computation, and
the Halcon software was used to process the
images for image processing, and according
to the Chinese orange epidermal defects
evaluation criteria, and finally output the grade
of the detected oranges. Compared with the
existing thesis design, the main innovation of
this thesis is the use of hardware with rollers
that can automatically flip Mandarin orange,
and the camera automatically captures 30
photos of Mandarin orange with different
sides for analysis. Through this method of
detection, it can greatly save the labor cost

and improve the detection efficiency.

2. Literature Review

In recent years, the advancement of
machine vision research has led to a significant
increase in its potential uses in agriculture.
Chen, Wu, & Cui (2018) first applied
preprocessing and segmentation on the orange
photographs to extract their relevant features.
Subsequently, they utilized neural networks
to automatically classify orange grades.
The classification strategy achieves an accuracy
of 94.38%. Dharmasiri & Jayalal (2019)
successfully detected passion fruit illness with an
accuracy rate of 79% using the Support Vector
Machine (SVM) algorithm. They also classified
the disease environment into three categories:
mild, moderate, or severe. Prabhu, Likhitha,
& Sangeetha (2021) suggested a classification
model that was 97% accurate after looking
at how well KNN, SVM, and DT classifiers did
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at putting oranges into groups. Dheeraj et al.
(2023) utilized convolutional neural networks
to analyze the imperfections in okra. They
achieved an impressive accuracy of 98.63%
for VGG-16. Hafiz & Fatema (2023) achieved
a final accuracy of 96.17% in identifying wax
apple disease by utilizing machine learning
approaches to forecast preprocessed pictures.
In the study, Mojumdar & Chakraborty (2021)
got an overall classification accuracy of up to
82.3% by taking 13 features from segmented
photos and using the gray scale co-occurrence
matrix in image processing. Behera, Jena, Rath
& Sethy (2018) utilized multi-class SVM and
K-means clustering to classify citrus illnesses
with 90% accuracy. These techniques,
basically, require preprocessing the image
before adding the algorithm for training. This
design is analyzed based on the captured
images and combines the image processing
methods from the above literature to finalize
the defect detection.

Until recently, machine vision technology
has not employed many photographs of
each fruit to identify defects in citrus or
other crops. Hence, the analytical results do
not cover the complete surface of the fruit.

This article presents a technique for taking

Table 1.

comprehensive photographs of whole oranges
utilizing an automated rolling apparatus.
Afterward, all pictures underwent image
processing procedures to detect imperfections
in the texture of the orange peel. The least
desirable results from each shot were then
compared to categorize the quality of the
oranges based on Chinese criteria.

3. Methodology

3.1 Orange Grade Classification
Standard

Currently, the orange industry and
the Chinese government have established
guidelines for the Mandarin orange
classification. The national standard, GB/T
40752-2021 (2021), holds significant importance
in this classification. Table 1 shows the spot
diameter of the Mandarin orange according
to the Chinese standard.

3.1 Machine Vision Inspection
Systems

The techniques for detecting a flaw
in Mandarin oranges are based on machine
vision technology. Specific image processing

algorithms are used to detect the size of the

Defected spot diameter of Mandarin orange

Grade

Spot diameter

Special grade

No flower skin, no festering, no scars.

Grade 1 D>0-1.6 mm
Grade 2 D>16-7mm.
Grade 3 D > 7 mm. Defect area > 10%
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defect diameter from the industrial
camera-captured pictures and then determine
the grade of mandarin oranges according
to Chinese standards. Figure 1 shows the
Mandarin orange machine vision detection
system’s hardware. The process of automatic

defect detection is as follows:

1) The conveyor system loads the
Mandarin oranges onto the rollers upon
activation. The light source automatically turns

on. While the roller is rolling, the industrial

light source

camera

scroll wheel

2bmp

camera captures pictures of each Mandarin
orange from various angles, as shown in

Figure 2.

2) The computer processes the images
of 30 pictures from various angles for defect
detection using image processing algorithms

written by Halcon software.

3) The classification of orange grades
is determined by comparing the diameter size
of defects in pixels with the actual diameter

in millimeters, as indicated in Table 1.

image
transmission

3.bmp

abmp

Shmp

6bmp

Figure 2. Photos taken by mandarin Orange under industrial cameras

(6 representative images from the 30 orientations)



Classification of Guanxi Mandarin Orange Grades using Machine...
Fulian Huang, Jialin Xie, Shijun Jie, Nattawoot Suwannata

309

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

3.3 Hardware Selection

The selection of hardware for detecting
defects in Mandarin Oranges, such as lenses,
cameras, and industrial grade light sources, is

determined by specific needs (Li et al., 2013).

1) The Mandarin Orange defect detection
system benefits from the use of LED ball ring
lights because of their high light intensity and
compact size, making them the preferred
lishting system and illumination approach.
Position the industrial camera in the exact
same spot as the light source and examine
the vertical illumination of the light source
from top to bottom. Simultaneously, change
the aperture to the appropriate setting and
secure it in place (Xu, Sun, & Ye, 2020).

2) In the machine vision system,
the camera plays a crucial role in capturing
and interpreting the reflected light from the
object. The device turns light into analog
signals and subsequently changes the analog
signals into digital signals for transmission to
other devices Manish, Venkatesh, & Ashok,
2018). The Hikvision industrial camera model
MV-CU013-21UM is chosen due to its ability to
satisfy the demands of visual analysis with its
high speed and precision. The selected lens is
the MVL-HF0828M-6MPE model, which features
a focus mechanism. The image exhibits high
clarity and excellent contrast, designed for
a field of view measuring 203mm x 170mm.

The lens’s lower end has a minimum object

distance of 200 mm, as determined by the
chosen industrial camera. A resolution of 1.3
megapixels (1248 x 1024, with a pixel size of
4.8 um x 4.8 um) may attain an accuracy of

0.038 mm per pixel.

3.4 Software Selection

Image Advances in computer vision
technology constantly upgrade and enhance
image processing techniques and tools. The
Halcon development environment provides
a comprehensive visual processing library
that includes a wide range of both basic
and advanced image processing techniques.
These techniques include everything from
capturing pictures from different hardware
devices to implementing complex
pattern-matching algorithms. In addition,
it provides several tools often utilized in
machine vision applications, including tools
for file processing, data analysis, algorithm
operations, and classification (Luo et al., 2011).
This study developed an image processing
method utilizing the Halcon development
environment to accurately detecting the size,

color, and imperfections of oranges.

4. Orange grade classification
Algorithms

This study uses image processing
algorithms to identify the defect areas on
Mandarin orange skin in the original image,

as shown in Figure 3.
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Figure 3. Procedure for identifying areas of defects on orange skin

4.1 Background Removal

Computer vision utilizes blob detection
algorithms to locate sections in a digital image
that display noticeable characteristics, such as
differences in brightness or color, compared
to the surrounding areas. Essentially, a blob
refers to a distinct portion of an image that
exhibits uniform or almost uniform attributes,
resulting in all the pixels within it being similar

to one another, as shown in Figure 3 (a).

There are three sequential steps in
the Halcon to separate the Mandarin orange

from the background:

1) Determine the appropriate
threshold for selecting the region of interest,
which involves converting the image to binary
format. Examine the gray-scale histogram
and adjust the threshold value within the 0
to 255 range (Bin & Lei, 2022). The equation
(1) can be used to determine the gray-scale
value of the color image. This calculation
uses the thresholds T1 and T2, along with the

coordinates I(x, y) (Li & Du, 2023). The
empirical threshold value for an orange picture
falls between the range of 60 to 255.

LT =I(x,y) =T,

0, others

g(%)’)={

where:
1(x,) is Intensity of the pixel at (x, ).

T1’T2 is Minimum and maximum

threshold values.

g(x,y) is Binary output (1 for blob, 0

otherwise).

2) The area of interest (ROI) is chosen
and the algorithm uses connected component
labeling with either 4-connectivity or

8-connectivity.

4-connectivity: A pixel is connected

if it shares a side with another pixel.
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(a) Original image

(b) ROl mask

(0) Isolated area

Figure 4. Blob analysis rendering

The labeled regions are the blobs,
which are mathematically defined as sets of

connected pixels, as depicted in Figure 4(b).

3) The varying colors on the edges
indicate distinct areas of noise. Open the
feature histogram and select “area” in the
feature selection and code generation tab
to filter out isolated areas (Ji et al., 2018), as

shown in Figure 4 (c).

Determining the ratio of defects present
on the entire surface is crucial for categorizing
defects on the fruit’s skin. When blobs are
detected, various features is computed using
geometric and statistical equations:

3.1) Area: The area of a blob is the
number of pixels in the region as shown by

Equation (2).

Area = ZGRI (2)
(xy

where R is the region corresponding
to the blob.

3.2) Centroid: The centroid (x , ) of

a blob is calculated as:

x y
X = @ = oy (3)

bl
¢ Area Area

where

X,y are centroid coordinates of the
c
blob.

X,y are coordinates of each pixel in
the blob.

Ris the set of pixels belonging to the

blob region.

Area is the total number of pixels in
the blob, given by Equation (2).

The varying colors on the edges
indicate distinct areas of noise (Ji et al., 2018),

as shown in Figure 4(c).

4.2 Balance Brightness

In many cases, brightness adjustments
are needed the brightness of the acquired
images due to environmental factors. The
division technique is employed in this design
(Dworkin & Nye, 2006). If I(x,y) is the input
image and B(x,y) is the estimated background
brightness. The balanced image I'(x,)) can
be calculated by using Equation (4), and the

result is shown in Figure 5.
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Figure 5. Illustrates the use of

division to balance

I
’ xy)
I —
*) (4)
7 Blay)

4.3 Preprocessing (Mean Filtering)

Image preprocessing is a fundamental
step in image segmentation and feature extraction
(Heena et al., 2020). The collected images
are often affected by noise, so they must be
pre-processed. An industrial camera captures
a moment’s worth of citrus photos on a roller.
The usual filtering methods include Gaussian
filtering, mean filtering, median filtering,
and other methods (Lu & Li, 2024). This
article adopts mean filtering. Mean filtering
also belongs to a type of linear smoothing
filtering, which is suitable for images that
emphasize the overall pixel structure while
ignoring detailed information (Othman et al.,
2020). The principle of mean filtering is to use
a scanning window to scan an image. When
the window size is determined, the mean
gray value of all pixels in the neighborhood
of the pixel that coincides with the center

of the window is taken as the gray value

(b) After filtering

(a) Before filtering

Figure 6. Compares the results before and
after applying a filtering process

of that point (Zhao et al., 2016). Assuming

f(x,)) is a noisy picture and g(X,)) is the

filtered picture, the mathematical expression

for the filtering result is Equation (5).

gm=—= S f@y)  ®

(x,y

This design utilizes a mean filter, and
the Figure 6 displays a visual comparison of

the average filtering effect.

4.4 ldentifying Defects (Extract
the “V” Channel)

After dividing the brightness balanced
image into three channels, “R,” “G,” and “B,”
we observed that the red channel exhibited
more prominent image defect characteristics.
Consequently, we divided the image containing
the red channel characteristics into “HSV,”
where “H” stands for hue, “S” for saturation,
and “V” for brightness. The study observed
that the “V” channel displayed flaws more
clearly than the other two channels (Jolly &
Raman, 2016), as illustrated in Figure 7.



Classification of Guanxi Mandarin Orange Grades using Machine...
Fulian Huang, Jialin Xie, Shijun Jie, Nattawoot Suwannata

MsasInensasaunaLaznaluladussend, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

(a) H channel

(b) S channel

(c) V channel

Figure 7. “HSV” rendering

While the decomposition of the
image itself does not directly involve complex
mathematical equations, it can be described
using the basic concept of how each color

channel in an RGB image is extracted.

Each pixel point of the color image
is decomposed into a red channel /,(x, ),
a green channel 7 (x, y), and a blue
channel 1,(x, y). The Equation (6) displays

the specific formula.

Balance (x, y) - (L6, ). 1 (x, ¥), 1(x, ¥)) 6)

The equation of this operation can
be expressed as the conversion of RGB to
HSV color space. the Equations (7-9) of RGB

to HSV conversion are:

Hue, H(x, y):
0 (Condition 1)
60° x w mod 360 (Condition 2)

_ 7
H(xy) =1 g0 x (2 + w> (Condition 3) ()

R(x,y) —G(x,y)

60 x(4+ A

) (Condition 4)

where

Condition 1: A= 0;

Condition 2:Ix (x,y) = max(Iz(x,¥), I (x,¥), I5(x,¥)),
Condition 3:1;(x,y) = max(Ig(x,y), I (x, ), Iz (x,y)),
Condition 4:15(x, y) =max(IR x ), I6(x, ), I5(x, y)),
A =max(Iglg, 1) — min(g I, I).

Saturation, S(x, y):

.9) { 0 Condition 1
S(x, y) = A s
max (RGyIce sty Comdition2

where

condition 1: maX(IR(X, ), 1 (x, y), Iz (X, y)) =0,
condition 2: maX(IR & y), 10, ), I5(%, y)) > 0.

Value, M(x, y):

V(x,y) = max(Iz (x, ), I (x,¥), I (x,))  (9)

The specialized formula for image
subtraction utilized in the research
encompasses the application of the
" V" channel for definitive defect detection,
subtraction for defect extraction, and the
subtraction of three images corresponding
to"R","G", and"B".
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Equation (10) delineates the operation
that executes a pixel-by-pixel subtraction of

the Blue () and Green () components.

Subg xyy = 20(B(x,y) — G(x,y)) =200 (10)

The equation yields an image
difference. The obtained results can be
employed to identify features in the image
to generate an approximate defect map of

Mandarin oranges, as illustrated in Figure 8.

4.5 Fourier Transform

Through Fourier transform, noise
components in images, especially periodic
noise, can be identified. Then, remove these
noise components in the frequency domain
to restore the image clearly. Fourier
transform-based image denoising focuses on
the separate frequency band information
of the picture and noise to achieve image
denoising (Ali & Pervaz, 2013). Typically, the

Figure 8. Rough defect effect

high frequency spectrum distributes noise and
edge information, while the low frequency

range splits picture information.

The equation of Fourier transform is

shown in Equation (11).

M-1N-1

F(u,V)=;Zf(x,y)e

ux vx
—j2n(—+—
v

(11)

where
X, ¥ are time domain variables.

U, v are variables in the frequency

domain.

M and N are the image’s length and
width.

fx, y) represents the two-dimensional

plane image of row N and column M.
flu, v) is a Fourier transform.

Figure 9 shows Fourier transform

effect after convolution.

Figure 9. Convolutional effect of

Fourier transform
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4.6 Binarization Threshold

Binary thresholding is an image
processing technique that converts grayscale
images into images containing only two pixel
values, typically black (0) and white (255), or
other specified values. This process relies on
selecting an appropriate threshold to classify
pixel values into two categories.

The equation of Binary thresholding

255, I(x,y)=T (11)

B(x’y)={o  I(x,y)<T

13,468 +
12,000

where
I(x,y) is Intensity of the pixel at (x,p).
T is the threshold value.

B(x,y) is Binary output (1 for blob, 0

otherwise).

Figure 10 displays the histogram of
the binarization threshold obtained from an

orange image.

4.7 Subtraction

The Subtraction is utilized to perform
the subtraction of two images. The gray values
of the removed image and the input image
are denoted as g and g, respectively, and
will be transformed accordingly.

Threshold Range 255

10,000 Ind

:

Histrogram
o

g 8

?
v

0 20 40 60 80 100

120 140 160 180 200 220

- .

240 255

Threshold Value

Figure 10. Binarization threshold histogram

Figure 11. Image after subtraction
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g'=(g, - g,)*Mult + Add (12)

The image obtained after the

subtraction process is shown in Figure 11.

4.8 Image Intersection

Image intersection refers to the set of
pixel points or regions that are common to
two image sets A and B, denoted as A 1 B.
In the field of image processing, this usually
means comparing the pixel data of two
images on a point-by-point basis, to find the
points or regions that are the same in terms
of location and whose pixel values satisfy
a specific condition (e.g., are equal or satisfy

a certain relationship).

4.9 Removing Fruit Stems

Inflation, commonly referred to as
the dilation of an image, is a mathematical
procedure used to identify the local maximum
value. Mathematically speaking, dilation or

erosion can be defined as the convolution

(a) Before Dilation

O000000000O00
00000008, 9,8,+0
O0000Q00Q e #0020
O0000Q0Q0 e e ¢ 0
0000 e, 0 ¢¢0000
O0Q0Qe e+ 0000
OQO0Q0Qe e 00000 00
Qe 0e¢e00000000 00
Q000000000 O#
Qe 0¢¢e0000000 00
000000000000

Olee O

(b) Structural element

of picture A with kernel B. Determine the
highest pixel value inside the coverage area
of kernel B and apply this value to the pixel
indicated by the reference point, thereby
incrementally expanding the highlighted area
in the image (Rahman et al., 2017).

Dilation in morphological operations
can be represented mathematically as:

R(x,y)= max R(x-u,y-v) (13)

where

R(x,y) is the input binary region
(the set of pixels defining the region.

S is the structuring element, which

is a circle in this case.

(u,v) is pixels in the structuring

element.

R (x,y) is the output region after
dilation.

O
O
O
@)

Q0000000000
LILIC Yeoleleolelolele
LI L N eleolelelelele
LILICN Yelelelelelele
e e e e e et ODO0C0O
Oe e e e e e 00O00
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OO e e e s e e+0
OQOOQ e & o e oo
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0000000 e »e
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(C) After Dilation

Figure 12. Dilation schematic diagram (Chen, 2019)
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(a) Before

(b) After image

image dilation dilation

Figure 13. Comparison before
and after dilation

Figure 12 shows the schematic
diagram illustrating the process of dilatation,

comparing the before and after states.

Figure 13 illustrates the contrast
between the orange image’s original and
post-dilation version.

Finally, in order to generate an
accurate map of fault locations, the process
involves selecting relevant features, reducing
the number of pictures, and removing fruit
stems (Rong, Rao, & Ying, 2017), as shown in
Figure 14 (a) and (b).

5. Results and Discussions

The primary aim of this article is to
compare 30 photographs of each fruit using
advanced image analysis techniques such
as blob analysis, frequency domain analysis,
image enhancement, and morphology. These
techniques involve processes such as image

noise reduction, image filtering, image

(a)

Figure 14. Defect identification

segmentation, ROl extraction, Fourier transform,

and a combination of subtraction and addition.

The main goal is to extract any defects
present in the fruit. The Mandarin orange’s
quality level is calculated by selecting the
highest value from an array that includes the
defect results obtained from examining 30

photographs of each Mandarin orange.

Figure 15 displays the “values” which
indicate the outcomes of defect identification
for each of the 30 images obtained from
a Mandarin Orange fruit. The “Max” represents
the final result, which is the worst-quality
image among the identified Mandarin Orange
photos. Figure 16 shows the results of 4 types
of orange classification that were captured
from developed software. The designation
‘0’ is used to denote fruits of special grade,
whereas the designation “1” is used for
first-level fruits, “2” for secondary fruits,
and “3” for third-level fruits. Figure 16 also
depicts the distinct flaws observed in various

orange grades.
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Figure 15. Output results

(a) Special Grade (b) Grade 1

(c) Grade 2

(d) Grade 3

Figure 16. Defect identification grade results from software

Defects on mandarin oranges is quite
intricate, as indicated by the test results.
However, the algorithm is able to accurately
detect and categorize mandarin oranges with
blemishes into four categories according to
the specified requirements, as long as they
fall within the algorithm’s acceptable range.
Table 2 shows the four varieties of mandarin
oranges available on the market that meet
the testing criteria. Using the calibrated scale
of the camera, it has been determined that
the length of 1 pixel is 0.038 mm. To clarify,
a measurement of 1 mm. is approximately

equivalent to 26 pixels.

This experimental method will greatly
improve the efficiency compared to manual
detection, but although it can accurately

detect the size of defects, the long time

required for the roller to flip and collect 30
photos will reduce work efficiency. The actual
production process can reduce the number
of photos collected. And in complex and
highly variable datasets, this method is not
particularly effective. It can be combined with
deep learning algorithms for analysis, which
can quickly improve detection efficiency and

accuracy of defect levels.

6. Conclusion

This article outlines the process
for categorizing the quality of Mandarin
oranges using a machine vision system. The
system consists of a hardware and software
component. The gear was specifically
engineered to snap thirty images of the

orange peel from various perspectives,
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Table 2. Comparative analysis of experimental and validation results
Standard size of defect Measured defect size
No  Grade Variable
pixel mm. pixel mm.
Special Circular_diameter _max 0 0.00 0.00
grade Rectangle_max 0 0.00 0.00
2 Grade 1 Circular_diameter max >0 to 40 >0to 1.52 30.08 1.14
Rectangle_max > 0 to 40 >0to 1.52 53.16 2.02
Circular_diameter_max > 40 to 180 > 1.52to0 6.84 60.14 2.29
Rectangle max <40 <152 39.00 1.48
3  Grade2 or
Circular_diameter max <40 <152 19.20 0.73
Rectangle max > 40 to 180 > 1.52to 6.84 176.6 6.71
Circular_diameter max > 180 > 6.84 140.30 5.33
Defect area/ > 10% > 10% 31,268.10 12.68%
The total area 246,527.38
4 Grade3 or
Rectangle max >180 > 6.84 242.00 9.19
Defect area/ > 10% > 10% 33,619.00 10.08%
The total area 333,223.00

while the software was specifically
programmed to categorize different classes of
oranges based on the sizes of imperfections
on the peel. The fault can be identified by
employing diverse image processing methods,
such as picture capture, blob analysis, pre-
processing, segmentation, feature extraction,
morphology, median filtering, and the Fourier
transformed. The faulty pixels were measured
for their diameter and area in order to classify

them for grading, as presented in Table 2.

Through the preliminary experiments
and the results shown in Table 2 above, it
can be learned that the image processing

system in the Vaugan sorting system can
operate normally and can meet the basic

sorting requirements.

After the initial experiment in Table 2,
it can be found that this system has
a certain degree of accuracy for the recognition
of mandarin oranges, but the recognition of
the number of experiments need to be many
times in order to obtain more accurate results,
the next in a batch of mandarin oranges in
the selection of 40, 10 mandarin oranges of
each grade, after repeated experiments can
be obtained after the experimental results
of the following Table 3.
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Table 3. Statistics of the results of multiple experiments on the same batch
Special grade Grade 1 Grade 2 Grade 3
Number of experiments (number) 10 10 10 10
Number of correct discriminations (number) 9 8 9 9
Number of misjudgments (number) 1 2 1 1
Accuracy rate 90% 80% 90% 90%

Through the experiment, we can find
that the recognition accuracy of this system
because we do not do deep machine learning
at the same time for the characteristics of
image processing, the judgment does not
contain a variety of fruits on the market, so
after a number of experiments with the same
batch of mandarin oranges, this system for
the experimental batch of mandarin oranges
for the recognition of 90% accuracy of the
special fruit, for the recognition of the
first-class fruits of the accuracy of 809%, for
the recognition of the second class of fruits
of the accuracy of 90%, three class of fruits of
the recognition accuracy of 90%, the overall
actual recognition accuracy of 87 5%. The
overall recognition accuracy of the system
is 87.5%, which is 90% for first-grade fruits,
90% for second-grade fruits, and 90% for
third-grade fruits.

The system has a certain number of
misjudgments for the analysis of the fruit,
and the system can be improved from the
following two aspects in response to the

situation:

1) Optimization of the visual algorithm
part as well as deep learning, with different

batches of different origins of mandarin

oranges for experiments, and more epidermal
disease eigenvalue judgments, at the same
time, according to the different special
circumstances of the miscarriage of justice
so that the visual system for deep learning,
reduce the miscarriage of justice rate.

2) This system sorts the knowledge
of mandarin oranges purely through the
epidermis of mandarin oranges for sorting,
but in practice, part of the mandarin oranges
are good or bad also need to be analyzed
from the inside of the mandarin oranges,
so in the practical application, only for the
epidermis of the sorting of the precise may
have errors, so it is necessary to combine with
the corresponding technology to identify the
inside of the comprehensive analysis so as

to go to the precise sorting
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Oyster Mushroom, Smart  and pausing to maintain the desired humidity. It also acted as an
Farming

with two separate components: The first component controlled
the operation of the fog pump by alternating between spraying

access point to release a Wi-Fi signal that allowed users to access

the system settings via a website. The second component was
installed in the mushroom greenhouse and sent weather data from
sensors to the first component via Wi-Fi. The whole system does
not require internet usage. The prototype system was tested in
an oyster mushroom greenhouse for 60 days. The results showed
that the system was easy to install and operate in commercial
mushroom farms. It was also effective in controlling humidity for
oyster mushroom cultivation. An economic analysis of the system
showed that it could help farmers to reduce unit costs by up to
72.30%. The system also had a positive net present value (NPV) of
+332,600, an internal rate of return (IRR) of 281%, and a payback

period of one production cycle (2 months). These results suggest
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that the proposed FPCS is suitable for
commercial production for controlling
humidity in oyster mushroom cultivation in

open-system greenhouses.

1. Introduction

Oyster mushrooms are an
economically important mushroom species
in Thailand, with two popular varieties among
farmers: Hungarian oyster mushrooms and
Bhutan oyster mushrooms. These mushrooms
are typically cultivated by allowing the
mycelium to consume nutrients from
sterilized substrate materials inside plastic
bags. Once the mycelium has fully colonized
the bags, the bags have been opened to
allow the mushrooms to grow in a suitable
environment. Oyster mushrooms thrive in
relatively cool temperatures, ideally between
20 to 30 degrees Celsius, and require humidity
levels ranging from 55 to 70 percent (Laead-
on, 2021). They can grow well in Thailand
throughout most seasons, except during the
summer (Isaranontakul & Rukphong, 2019).
Creating a suitable environment for mushroom
growth is crucial, considering factors such as
temperature, humidity, carbon dioxide levels,
and air circulation (Vengsungnle et al., 2019).

Currently, there are two types of
mushroom cultivation houses: open-system
greenhouses and close-system greenhouses.
The advantage of the open-system is that
it requires lower investment compared to
the close-system. On the other hand, the
close-system greenhouses allow farmers

to have better control over the internal

conditions of the greenhouses, such as
temperature, humidity, lisht exposure, and
carbon dioxide levels (Jongpluempiti et al.,
2020). Although the close-system offers better
controllability, many Thai farmers still prefer
the open-system greenhouses due to their
lower cost. The open- system greenhouses
can be constructed using locally available
and low-cost materials such as bamboo,
eucalyptus wood, vetiver grass, plastic, and sun
shade net. Proper design of the open-system
greenhouses could also help reduce external
heat, effectively retain moisture, and facilitate
air circulation (Arreerard, T., Arreerard, W, &
Ruangsan, 2021).

Once the mushroom bags are placed
in a suitable cultivation house, a crucial
subsequent process is providing moisture
to the mushrooms. Traditionally, farmers
use a hose to water the entire floor of the
house, avoiding direct contact with the
mushroom bags and preventing waterlogging
at the surface of the bag. This practice aims
to prevent direct exposure of water to the
mushroom caps, as well as to avoid excessive
moisture, which can lead to unwanted
characteristics in the mushrooms that are
undesirable in the market. The frequency
of watering depends on the humidity level
inside the cultivation house. If the humidity
is high, watering may occur just twice a day,
in the morning and afternoon. However, in
low humidity conditions, farmers may need
to water more frequently, possibly 3-5 times
a day. Farmers typically observe the drying
edges of the mushroom caps as an indicator

to start watering (Lorprasert, 2010).
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Due to the traditional method of
providing moisture relying heavily on their
experience, time, and labor of farmers, there
had been a development to modernize
moisture provision in mushroom greenhouses.
It was found that using very fine water mist
in greenhouses shaded from direct sunlight
with good air circulation not only increased
relative humidity but also effectively reduced
greenhouse temperature (Saowarat, 2017).
Consequently, fogging systems had been
combined with automated control systems for
moisture provision in mushroom greenhouses.
Jongpluempiti et al. (2020) recommended
using humidity and temperature as conditions
for controlling fogging and ventilation fan
equipment in the greenhouse, as it promoted
optimal mushroom growth. Precise environmental
control led to significantly higher mushroom
yields, up to 30% more than conventional
cultivation, with minimal contamination
rates (Arreerard, T., Arreerard, W, & Ruangsan,
2021; Marzuki & Ying, 2017; Ten et al., 2021).
Hendrawan et al. (2019) applied fuzzy logic
to control equipment sets, achieving quick
entry into steady-state operation, and thereby
enhancing system efficiency. In addition to
automated control, users could monitor
and adjust settings remotely via various
mobile devices, using Internet of Things (IoT)
technology. This diverse functionality al-
lowed for remote operation of equipment
in mushroom greenhouses, such as remoted
pump fogging on/off control and automated
scheduling (Isaranontakul & Rukphong, 2019).

Processing and controlling were carried out

by microcontrollers equipped with ESP8266
chips, connected to sensors for environmental
data collection within the greenhouse
(Fongngen et al., 2018). These microcontrollers
were cost-effective and feature wireless data
transmission compliant with IEEE 802.11
b/g/n standards or Wi-Fi (Patnaikuni, 2017).
Furthermore, there is currently development
of robots for detecting fungal diseases and
sending alerts via Internet signals. These robots
can operate with precision by utilizing deep
learning (Jareanpon et al., 2023; Patcharee &
Suchart, 2022), leading to efficient reduction
of production losses.

However, the researchers believe
that the systems mentioned above still have
three limitations for practical use for farmers.

These are:

1) Sensor cable length and range
limitations: In most farmers’ farms, there
is a considerable distance between the
greenhouse and the water pumps. Therefore,
using digital data transmission cables from
sensors to controllers regulating the pumps
can be challenging because long cables are
required. These cables are often hard to
find and come at a high cost. Generally, the
data transmission cables used with sensors
that are readily available have a length of
no more than 1 meter (Adafruit Industries,
n.d.; ET TEAM, n.d.). This limitation makes it
inconvenient to install in actual mushroom
farms, especially in greenhouses with long
distances between the sensors and the water

pump installation points.
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2) Uncertainty in investment: Most
farmers lack high-speed internet access in their
farms. Using loT technology would require
additional expenses for internet installation
and services, increasing the overall production
costs. Moreover, in preceding research
on the cost-effectiveness of mushroom
cultivation, the predominant focus has been
on the comprehensive expenses linked to
mushroom farming (Duangta, 2016; Ruamtum
& Tulasombat, 2019; Thaneerananon &
Vilalai, 2019; Hongyon, 2019). These studies
traditionally delve into the costs associated
with constructing mushroom houses, production
expenses, total expenditures, and unit
costs to evaluate profitability. However,
they may lack of undertaking a comparative
analysis of costs and benefits when transitioning
to a new process, where automatic system
is employed as opposed to the traditional
method. This lack of comparison between
the cost and benefits of the two methods
introduces uncertainty regarding the return
on investment. This uncertainty raises
apprehensions among farmers, as they are
uncertain whether the investment in the
new method would prove cost-effective
in comparison to traditional mushroom

cultivation practices.

3) Complexity in device assembly:
Developing a control system involves
purchasing and assembling multiple elec-
tronic components. This complexity makes
it challenging to create a ready-made device,
resulting in higher costs and difficulty in

large-scale production.

Further research has found that the
basic features of Wi-Fi connectivity for ESP8266
microcontrollers can be developed to allow
data transfer between microcontrollers in
a Wireless Local Area Network (WLAN).
This can be achieved by using the first
microcontroller as an access point (AP) and
the second microcontroller as a wireless station
(STA) (Zhou, 2017). The standard Wi-Fi range
of 40 meters can be achieved with efficient
data transfer. Installing additional antennas
can extend the data transfer range up to 140
meters in open areas (Yoppy et al., 2018).
Moreover, the Access Point microcontroller
can function as a web server, enabling users
to access and adjust system settings through
various devices using a web browser interface.
This capability enhances the flexibility and
accessibility of the control system, allowing
users to manage settings remotely via web

browsers on different devices.

Currently, there is a development of
control devices in the form of ready-made
kits for convenient use. One such device is
called Sonoff, which includes a microcontroller
with the ESP8266 chip, a relay, and a 220-volt
power converter. This product is manufactured
by Itead Intelligent Systems Co. LTD, Shenzhen,
China, and is compatible with the eWelink
application. However, developers have the
flexibility to modify and customize the firmware
themselves based on ESP8266 programming
(Froiz-Miguez et al., 2018). Gutiérrez-Pena
et al. (2020) proposed the use of Sonoff to
connect with electrical devices for the

development of an energy management system
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in smart homes. Sonoff is preferred due to
its convenience and cost-effectiveness, and
it can be easily interfaced with sensors, allow-
ing for firmware customization. Subsequently,
Garcfa-Vazquez et al. (2021) modified the
Sonoff kit to control electrical devices within

their software platform, named e-Switch.

2. Research Objective

The purpose of this research was to
develop the commercial prototype for an
automated fogging pump control system
(FPCS) and cost-effectiveness analysis of using
this equipment for humidity control in
commercial mushroom open-system
greenhouses. The main focus was on addressing

three key issues:

1) Convenience of installation in

mushroom farms.

2) Operation without an internet

connection.

3) Low cost and easy production for

commercial use.

3. Materials and Methods

This research is an experimental
research aimed at developing a prototype and
analyzing the cost-effectiveness of a fogging
pump control system installed separately
for providing moisture to oyster mushroom
cultivation in open-system greenhouses. The
population and sample group used in the
research consist of commercial mushroom

farmers who cultivate oyster mushrooms

in plastic bags. The research employed a
specifically targeted sampling method to
select farmers who were ready to adopt the
technology and had similar open-system
greenhouse structures, using two identical
greenhouses for comparing different moisture
provisions. Specifically, greenhouse 1 pro-
vided moisture to the mushrooms using the
traditional method of manually watering
with a hose in an open-system greenhouse.
On the other hand, greenhouse 2 provided
moisture to the mushrooms using an FPCS
prototype developed to regulate moisture
automatically. The oyster mushroom usually
grow well throughout most seasons, except
during the summer in Thailand due to the
high temperatures, which are challenging for
oyster mushroom cultivation (Isaranontakul &
Rukphong, 2019). In this experiment, testing
was conducted during the summer in Thailand
because it is considered the most challenging
period for controlling the environment in
open-system greenhouses. The research
process involved six stages: 1) designing
the architecture of the system, 2) designing
the system’s workflow, 3) selecting suitable
materials and equipment, 4) software
development, 5) installation in mushroom
farms for testing, and 6) data collection and

analysis. The details are as follows:

3.1 Designing the Architecture
of the System

In each mushroom farm, there are
varying sizes of open-system greenhouses

and different water system arrangements.
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Therefore, the equipment set should possess
the flexibility to be adequately adaptable
for installation in each farm. The researchers
aimed to design a system that could be
conveniently installed without reliance on the
internet network for operation. They divided

the equipment into 2 sets:

Set 1 comprises devices to be
installed with the fogging pump, consisting of

a microcontroller that serves 3 main functions:

1) Acting as an access point to
release Wi-Fi signals and support wireless

network connections.

2) Serving as a web server to
allow users to access the system’s operational
settings. Users can access this website via web
browser programs through various mobile
devices like personal computers, laptops,
smartphones, or tablets connected to the

access point.

3) Control the electrical cur-
rent to enable the fogging pump to operate

according to conditions.

Set 2 comprises devices to be installed

within the mushroom greenhouse, including

Set 1 Set 2

.-

Wireless Station Sensor

Output Access Point

v iy

User

Wireless
Wire

Figure 1. System Architecture

a microcontroller acting as a wireless station
to transmit data read from sensors to Set 1
via Wi-Fi signals, as depicted in the system

architecture shown in Figure 1.

3.2 Designing workflow of the
system

Due to the requirement of mush-
rooms for suitable moisture without an
excess amount of water trapped around the
mycelium, which could lead to waterlogged
mushrooms and deteriorated mycelium, the
researchers devised a fogging control method
alternating between spraying and intervals.
This approach aimed to prevent an excess
of water within the greenhouse that could

damage the produce.

The workflow of Set 1 initiates by
activating the access point to distribute Wi-Fi
signals and await connections. It then reads
operational data used for controlling the fogging
pump stored in the memory unit, including
the minimum relative humidity to initiate
pump operation, pump on-time (seconds),
and pump off-time (seconds). Subsequently,
it enters a repetitive cycle, awaiting sensor
data transmitted from Set 2. Upon receiv-
ing data, it checks the operating conditions,
primarily utilizing air relative humidity as the
sole factor for control conditions due to this
research’s focus on misting solely to provide
humidity in open-style mushroom greenhouses.
When the sensed humidity falls below the
set threshold, the control unit commands
the pump to alternate between on and off

states based on the predetermined operation
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Figure 2. Workflow of the system

parameters. Conversely, if the sensed humidity
equals or exceeds the set value, indicating
sufficient moisture in the greenhouse, the

system directs the pump to stop.

The sequence of operations for Set

2 starts with connecting to the Wi-Fi signal

emitted by the access point of Set 1. It then
enters a loop, reading humidity and tempera-
ture data from sensors to transmit this data
to Set 1. After a 5-second interval, it proceeds
to read the next set of data, as illustrated in

the workflow of the system in Figure 2.
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3.3 Selecting suitable materials
and equipment

From the aforementioned design,
the pivotal component in each equipment
set was the micro-controller. Its functioned
encompass data processing, communication
via Wi-Fi signals, sensor data retrieval, and
electrical device control. To meet these
requirements, the preferred microcontroller
for cost-effective control applications was
the ESP8266 chip-based microcontroller.
However, this control unit required to be
supplemented with various other devices to
operate comprehensively.

Following an examination of com-
mercially available equipment that met the
desired specifications, the researchers opted
for the pre-assembled electrical control equip-
ment, Sonoff. This set included fundamental
components essential for complete control
systems. These components consist of the
ESP8266 chip-based micro-controller, a 3.3-volt
power supply for board operation, a 220-volt
relay, a push button, and status indicator

lishts. Specifically, the researchers chose the

(@) (b)

Figure 3. (a) Sonoff Basic R2 model,
(b) Sonoff TH10 model (ITEAD Studio, n.d.)

Sonoff Basic R2 model for Equipment Set 1
and the TH10 model for Equipment Set 2
due to the presence of a 3.5-millimeter jack
(ITEAD Studio, n.d.).

These selections were made to col-
laborate with the SHT15 sensor, capable
of measuring temperature and humidity
within a single unit. This sensor can operate
within a temperature range of -40 to 123.8
degrees Celsius, providing data accuracy
to two decimal places with a precision of
0.3 degrees Celsius (Liu, Zhang, & Zhu, 2011).

3.4 Software Development

This study has developed the program
based on the designed architecture. The
processing part of the program was written
in the C++ language, while the user interface
was developed using HTML and JavaScript
to display and function on web browsers.
Afterward, the source code was installed on

the microcontroller, and the equipment set

Figure 4. Completed prototype kit
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Figure 5. Connecting to Wi-Fi from the set 1
of devices using a smartphone and the user
interface displayed on the web browser

was assembled to completion, and ready for

use, as shown in Figure 4.

The researchers conducted preliminary
system functionality tests in a laboratory set-
ting. They utilized a smartphone connected
to the Wi-Fi emitted by the access point of
Equipment Set 1. Accessing the web browser
program and entering the designated IP ad-
dress, 192.168.4.1, displayed the user inter-
face web page. The initial page exhibited air
temperature and humidity obtained from the
SHT15 sensor installed within Equipment Set
2. Users could adjust control conditions for
the fogging pump, with settings available for:

1) minimum air relative humidity to initiate

pump operation, 2) pump operational dura-
tion, and 3) pump resting duration, as shown

in Figure 5.

The researchers set initial parameters
for testing purposes and observed the sequen-
tial operational process for a total of 5 days,
each day running for 12 hours. The findings
indicated that the equipment functioned
as anticipated, as shown in the preliminary

system functionality test results in Table 1.

3.5 Installation in the Mushroom
Greenhouse for Testing

After conducting preliminary system
operation tests in the laboratory, the researchers
developed a prototype system for installation
and testing in the mushroom cultivation farm
of a targeted group of farmers. The testing
took place with farmers cultivating Bhutan
oyster mushrooms in the Sansai district of
Chiang Mai province, using an open-system
greenhouse measuring 8x10 meters. The
greenhouse was constructed with a plastic
roof, and plastic and mesh walls, as shown

in Figure 6.

Table 1. Preliminary system operation test results
Test Number Test Item Test Result
1 Equipment set connection Functioning correctly
2 Operation based on humidity conditions Functioning correctly
3 Pump operating time according to set value Functioning correctly

il Pump resting time according to set value

Functioning correctly
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Figure 6. (a) The greenhouse, (b) Installation of the set 1 of equipment to control the fogging
pump, (c) the set 2 of sensors, (d) the mist spray head
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Figure 7. Comparison of the 2 moisture-providing methods

In the actual installation on the farm,
the researchers installed the humidity control
equipment developed along with a fogging
pump with a pressure of 15 bars, low-pressure
hoses, and misting nozzles with a size of 0.2
millimeters. They also set up a 200-liter plastic
water tank, a floating ball valve for automatic
water filling, and pressure reduction devices to
suit the number of misting nozzles installed
in each greenhouse. The misting nozzles were
installed at a distance of 1 meter apart, and
the equipment sets were spaced 25 meters

apart from each other in each greenhouse.

Afterwards the researchers recorded
the humidity data of both of the 2 test houses
and observed the traditional watering method
of farmers by using hoses, which relied on
observation and experience. The researcher
found that farmers would start watering for
the first time in the late morning when the
humidity in the air decreased to a level that
began to cause the mushroom flowers to dry
out. From the recorded data, it was found
that the average humidity at that time was
65%. Subsequently, the researcher adjusted
the equipment’s working conditions to match
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those of the farmers, working when the
humidity was less than 65% and spraying mist
for 20 seconds alternated with a 40-second
pause. When left to work continuously au-
tomatically throughout the day, it was found
that providing moisture was as effective as
watering by farmers. The system would stop
automatically in the evening when natural
humidity began to increase. This demonstrates
a performance comparison of the 2 moisture-

providing methods as shown in Figure 7.

3.6 Data Collection and Analysis

This research involves data collection
for analysis in two aspects: collecting information
on system testing and data accumulation
for cost-effectiveness analysis. The data was
collected from March to April which is the

summer of Thailand. The details are as follows:

3.6.1 Data Collection for
System Testing

The researchers designed the system
operation tests to cover 3 areas: 1) Usability
Testing, 2) Performance Testing, and
3) Reliability Testing (Murad et al., 2018). The
recording procedures for device operations
were designed in accordance with the test
objectives. After installing the equipment,
farmers were requested to observe the
equipment’s performance while working in
the greenhouse and to record data daily.
The recorded observations centered around
four aspects: 1) equipment connectivity,
visible through the device’s indicator lights;

2) operation concerning predefined humidity

conditions; 3) operational duration aligned
with preset values; and 4) pump stoppage

time according to set criteria.

3.6.2 Data Collection for
Cost-Effectiveness Analysis

This research gathered production cost
and yield data by conducting interviews with
target farmers using open-ended questions.
The cost-benefit analysis included: 1) Analyzing
manufacturing costs per unit, 2) Assessing
production efficiency using T-test statistics
for comparison (Tiparat et al., 2018), and
3) Evaluating investment returns, considering
Payback Period (PB), Net Present Value (NPV),
and Internal Rate of Return (IRR).

4. Results and Discussion

The study was divided into 2 parts:
Part 1 focused on system testing results, while
Part 2 delved into the cost-effectiveness

analysis findings.

4.1 System Testing Results

The results of the system testing
include the analysis of usability testing,
system efficiency testing, and system reliability

testing. The details are as follows:

4.1.1 Usability Testing

The prototype and developed system
were user-friendly, allowing farmers to install
it in mushroom farms easily. The wireless
data transmission between devices worked
efficiently in the actual farm environment.

Farmers quickly grasped the user interface,
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demonstrating the accuracy and suitability
of the developed system.

4.1.2 System Efficiency Testing

Over a period of 60 days, the yield of
mushroom in the greenhouse equipped with
the developed system was significantly higher
compared to the yield from the greenhouse
using the traditional humidity provision system.
This indicates that the developed system
could effectively substitute the traditional
watering system used by farmers. It
autonomously controlled the fogging pump
operation based on the air’s humidity, which
would be highly beneficial for farmers in
coping with the current weather variability.
Previously being reliant on manual labor
and experience, this developed system can
significantly reduce labor costs for humidity

provision and enhance mushroom production.

4.1.3 System Reliability Testing

Throughout the actual operation over
a period of 60 days, the equipment might
have encountered unsuitable conditions
for operation, such as high humidity and
temperature within the greenhouse. Continuous
usage may lead to malfunctions. However, the
developed prototype set could still perform
accurately and precisely as anticipated. This
demonstrates that the selected equipment
set was durable and suitable for practical use
in mushroom farming. In the case of the test
farm, over a period of 60 days, there were
a few instances of power outages, and each

outage was of short duration.

Additionally, the greenhouse utilized
effective moisture-retaining materials, resulting
in minimal impact on humidity levels inside
the mushroom house and no significant

damage to mushroom production.

The test results indicated that the
equipment could effectively regulate the
operation of the low-pressure fogging pump
to provide moisture to the mushrooms in the
greenhouse. It performed comparably to the
original system that relied on manual labor,

operating accurately and reliably.

4.2 Results of Cost-Benefit Analysis

The results of the cost-benefit analysis
included the analysis of manufacturing
costs, production efficiency, and return on

investment. The details are as follows:

4.2.1 Manufacturing Costs

Based on the cost calculations for the
manufacturing components of the product at
a production level of 1,000 mushroom bags,
categorized by the production system, the
traditional system incurred direct material
costs of 7,000 Baht, labor costs of 20,250
Baht, and overhead expenses of 307.82 Baht,
totaling 27,557.82 Baht. This resulted in a cost
per mushroom bag of 27.55 Baht.

In contrast, the automated mushroom
cultivation system incurred equipment
investment costs of 7,260 Baht, as shown
in Table 2. The depreciation expenses for
production, amounted to 403.33 Baht. This
brings the total cost to 7,636.24 Baht and a
cost per mushroom bag of 7.63 Baht.
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A comparison of the two systemsre-  up to 72.30% [(7.63 — 27.55)/27.55*100].

vealed that the use of the automated system

enhances production efficiency, leading to a

Table 3 presents details of manufac-

turing cost calculation.

reduction in manufacturing costs per unit of

Table 2. Investment in the control system for the fogging pump kit prototype

Item Price (Baht) Quantity Unit Total (Baht)
Sonoff TH16 Model 1 Set 115 1 Set 115
Sonoff Basic R2 Model 1 Set 200 1 Set 200
SHT15 Sensor 1 Set 750 1 Set 750
Electrical Wires 10 2 Meter 20
Water Pump 15 Bar 1,700 1 Set 1,700
Low-Pressure Water Hose 15 40 Meter 600
0.2mm Nozzle 78 20 Set 1,600
200-Liter Plastic Tank 500 1 Tank 500
Automatic Float 100 1 Set 100
Assembly Labor Cost - - - 1,675
Total Equipment Investment 7,260

Note: Retrieved September 19, 2023 from https://www.shopee.co.th

Table 3.  Details of manufacturing cost calculation

Item

Cost Calculation Method and Cost Value (in Baht)

Raw Materials:
Mushroom Spawn

= Quantity of spawn at production level x Cost per spawn (in case of purchasing
each spawn at 7 Baht) At the production level of 1,000 spawns: 1,000 x 7

= 7,000 Baht. At the production level of 5,000 spawns: 5,000 x 7

= 35,000 Baht

Direct Labor Cost:
Irrigation

= Daily labor cost of 300 Baht, calculated per hour of work (8 hours), multiplied
by the number of hours worked in one production cycle

= HW x NW x NDP

= 37.50 x 9 x 60

= 20,250 Baht

HW; Hourly wage, NW; Number of working hours per day, NDP; Number of days in
one production cycle. Not applicable as an FPCS is used.
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Table 3.  Details of manufacturing cost calculation (cont.)

Item

Cost Calculation Method and Cost Value (in Baht)

Overhead Expenses

1) Depreciation Cost of FPCS - Traditional watering is not applicable as no FPCS
is installed. For the FPCS, calculated linear depreciation, with a service life of 3
years and no salvage value. Depreciation cost

= FPCS ‘s cost / Number of years of use

=7,260/3

= 2,420 per year which 1 year contain 6 crops so the depreciation cost per crop
=2,420/6

= 403.33 Baht

2) Water Cost Water cost = [Water flow rate (liters/minute) x Irrigation time (min-
utes) x Number of irrigation cycles x Water rate (Baht)]

For 1,000 spawns: [34.23 x 3 x 3 / 1,000] x 60 x Regional water service rate

= 307.82 For 5,000 spawns: [34.23 x 10 x 3 /1,000] x 60 x Regional water service
rate = 1,259.24 Baht

3) Electricity Cost - No electricity cost for watering. Calculated electricity cost for
the FPCS using a water pump and Sonoff devices. Pump electricity cost

= Electrical power (watts) / 1000 x Number of hours used per production cycle
(60 days) x Electricity rate

=[220 / 1,000] x [(20 / 60] x (18.30-9.30) x 60

= 2,376 x Electricity rate

= 136.98 Sonoff electricity cost

=[1/ 1,000] x (18.30-9.30) x 60

= 0.54 x Electricity rate

= 136.98 Baht

Total Manufacturing
Cost

At the production level of 1,000 spawns: 7,000 + 20,250 + 307.82 = 27,557.82 Baht
At the production level of 5,000 spawns: 35,000 + 20,250 + 1,259.24 = 56,509.24 Baht

Manufacturing Cost
per Unit

At the production level of 1,000 spawns: 27.55 Baht
At the production level of 5,000 spawns: 11.30 Baht
At the production level of 1,000 spawns with FPCS: 7.63 Baht
At the production level of 5,000 spawns with FPCS: 7.15 Baht

Mushrooms Quantities (Kg)

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58

Traditional Approach = FPCS Approach

Figure 8. Daily mushroom production volume of Hungarian oyster mushrooms
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4.2.2 Production Efficiency

Based on the collected data, the daily
mushroom yield for each day of a production
cycle (60 days) is shown in Figure 8. An analysis
was conducted by comparing the average
yields of mushrooms between the traditional
system and the FPCS.

The traditional system showed an
average yield of 2.55 kg with a standard
deviation of 2.93 kg., while the FPCS showed
an average yield of 3.41 kg with a standard
deviation of 3.37 kg. When comparing them
using an independent sample t-test, it was
found that, on average, the yield from the
traditional system did not significantly differ
from the yield of the FPCS (P-value > 0.05),

as shown in Table 4.

The traditional and FPCS, along with
the t-value and significance level (Sig.) from
the independent t-test. The results indicate
that there is no significant difference in
the average mushroom yield between the
traditional and FPCS, as the p-value (Sig.) is
greater than 0.05.

Table 4.

4.3.3 Return on Investment

This study involved the comparison of
two distinct production systems, specifically
the modification of the temperature and
humidity control process between the
conventional watering system and the FPCS.
The FPCS entailed the utilization of human
labor for watering. However, it is crucial to
note that the implementation of the FPCS
necessitates an additional investment, estimated
at 7,260 Baht. Users are required to make this
investment. The Return on Investment (ROI),
derived from key financial metrics such as Net
Present Value (NPV), Internal Rate of Return
(IRR), and Payback Period (PB), indicated a
positive NPV of +332,600 Baht, an IRR of
281% (exceeding the 5% Weighted Average
Cost of Capital), and a payback period within
a one production cycle, as shown in Table
5. These findings suggested that transitioning
from the traditional watering system to the
FPCS was deemed viable and suitable for

implementation.

The results of the production efficiency analysis, specifically the weight of

mushrooms harvested in one production cycle, measured in kilograms (kg)

Traditional System

Mushroom (N=30)

Automatic Control System

(N=30) t Sig.

Variety X S.D.

X S.D.

255 293

3.41 3.37 -1.058 0.295
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Table 5.
human labor

The results of the present value analysis by comparing the efficiency of replacing

Accounting profit Cash flow
Item

(Baht) (Baht)
Cost Savings or Additional Income
- Reduced Labor Costs 20,250 20,250
- Reduced Water Costs 211 211
Marginal Costs
- Increased Depreciation (7,260-0/18) -403
- Maintenance Costs - 50 - 50
Net Profit (Cash Flow) 20,008 20,411
Net Cash Flow for 1 Production Cycle 20,411

NPV & IRR Computing

- Initial Outlay = 7,260 Baht

- Cash flow from operation (per 1 production cycle) 6 times per year for 3 years total of 18 times with

20,411 Baht per time

- The discount rate is 5% PA In this research Assume that farmers use 100% of the loan from BAAC.

Therefore, WACC = 5% based on the interest rate on farmers’ loans. of the Bank of Agriculture and

Agricultural Cooperatives (BAAC), information as of 20 September 2018

NPV = y'_CF 0
_Z(1+r)t B

=(20,411%16.65083) -7,260
= +332,600

NPV = Zn: CF, 10=0
- £ (1+IRR)! T

= 281%

5. Conclusions

The objective of this research was
to propose a suitable model for developing
a separate installation control system for
fogging pumps to provide humidity for oyster
mushroom cultivation, which was suitable for
Thai farmers who primarily use open-system
greenhouses and lack internet signal readiness
on their farms. The researcher had presented
a development approach using Sonoff devices,
which were commercially available and

cost-effective. The system was divided into 2

sets, utilizing Wi-Fi signals for communication
within the wireless network. Set 1 served as an
access point to emit Wi-Fi signals and support
connections, functioning as a web server for
user access to system settings. It controlled
the release of electricity to manage fogging
pump operations. Set 2 was connected to the
sensor inside the mushroom house, sending
readable data to Set 1. Farmers can access
the system settings using smartphones via
Wi-Fi signals, eliminating the need for internet

connectivity for operation.
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The developed system could be
easily assembled and practically installed
in mushroom farms. It efficiently controlled
the humidity for oyster mushrooms in the
summer of Thailand, which has been
considered unsuitable for the growth of
oyster mushrooms, replacing the manual
labor required for watering. The system was
suitable for large-scale production and was

cost-effective.

The cost-benefit analysis revealed
that the FPCS could reduce costs per unit
by up to 72.30%. In terms of production
efficiency, there was no significant difference
between using the FPCS and the traditional
one. Regarding investment returns, adopting
the FPCS system has resulted in a Net
Present Value (NPV) of +332,600 Baht, an
Internal Rate of Return (IRR) of 281%, and a
Payback Period (PB) within one production
cycle, approximately 2 months. This
demonstrated the economic viability of the
FPCS for commercial mushroom cultivation

in open-system greenhouses.

In conclusion, the research suggested
that the FPCS should be suitable for the
commercial production of oyster mushrooms.
The findings indicated cost-effectiveness,
operational efficiency, and ease of installation,
making it viable for controlling humidity
in the oyster mushroom cultivation in the

open-system greenhouses.

6. Recommendations

In practical application, farmers can
use a single control unit to manage large
quantities of mushroom in a greenhouse by
adjusting pressure or the number of pumps to
cover the entire facility. Additionally, various
equipment is easily available for purchase. In
case of any component damage, farmers can
procure and perform repairs by themselves.
Moreover, humidifying mushroom cultivation
houses through misting can significantly reduce
water usage, making it suitable for current
agricultural scenarios facing water scarcity.
The experimental farm in this research is
located in an area without power outage issues.
However, for areas prone to frequent power
outages, the researchers recommend using
an uninterruptible power supply to prevent

any damage to mushroom production.

Currently, Thai farmers have relatively
limited use of technological equipment, despite
facing severe labor shortages. The primary
reasons are the high cost of equipment and
uncertainty about making investments. This
research demonstrates that in developing
farm control equipment, developers should
focus only on essential features necessary for
practical use. Utilizing pre-existing equipment
for improvement could significantly reduce
the overall equipment cost. This approach
could lead to a quick return on investment
in agricultural operations. The recommended
approach in this research could be implemented
by entrepreneurs for commercial production

to cater to the needs of Thai farmers.
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Received: Abstract: With the booming growth of e-commerce, finding the best
R:/::z\c/i:ember 2023 deals amid a multitude of online shopping websites has become

6 April 2024 a challenge. Consumers often spend a considerable amount of
Accepted: time manually sifting and comparing data, leading to uncertainty

13 April 2024 in decision-making. To address this issue, our research proposes a

‘ g system that utilizes web scraping techniques to identify top deals
eyworas:
™ from multiple e-commerce sites. We have developed Python-based

Agglomerative Clustering,
E-commerce, Product Iden-
tification, Web Scraping

web scraping scripts and incorporated a configuration file for

customization, enabling users to extract product data from diverse

websites. The system scrapes data and displays result each time
the user enters a query, ensuring that the scraped data is up to
date. Furthermore, our system enhances the user experience by
incorporating product model datasets for product identification,
enabling specific searches based on product specifications, and
offering recommendations for similar product models. Finally, in
cases where products remain unidentified, we introduce a feature
for grouping similar products through an agglomerative clustering
method. This method utilizes product name and image features
extracted by TF-IDF and Convolutional Neural Networks (CNN),
allowing for price comparisons among similar products and
enhancing the overall shopping experience. Preliminary evaluations
show that our system successfully extracts data from target

websites with proper customizations. The evaluations of similar
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product clustering demonstrate that using
a combined feature of product names and
images significantly improves clustering
performance, surpassing the use of product
names or images alone, with a 9 percent

increase and 18 percent increase, respectively.

1. Introduction

In the current digital era, the internet
has become an integral part of our daily
lives. Its widespread accessibility has enabled
businesses and organizations worldwide to
leverage its power to improve work efficiency
and achieve better results. E-commerce, one
of the most significant benefits of the internet,
has witnessed exponential growth in recent
years. Online shopping platforms have become
increasingly popular, providing people with
a convenient and easy way to access goods
and services from the comfort of their homes
(Kemp, 2022). Despite the convenience
offered by online shopping, finding the best
deals can be a time-consuming and frustrating
process. Consumers often have to navigate
multiple websites to compare prices, which
can be inconvenient and inefficient (Asawa
et al., 2022; Mehak et al., 2019). To address
this issue, price comparison websites have
emerged, allowing users to compare prices
across various e-commerce platforms. In
Thailand, there are existing websites perform
price comparisons, including iPrice and Priceza.
iPrice compares products within leading
e-commerce websites like Lazada, Shopee,
and Central Online, whereas Priceza stores

product data in its database and compares

categories like mobiles, computers, electric
appliances, household goods, and fashion
items. However, these websites sometimes
encounter problems such as mismatched
product prices on the price comparison
website and the original website, or missing
product information that appears on the
price comparison website but not on the
original website. The primary reason for these
discrepancies may be the lack of regular
updates on the product data in these websites,

leading to inaccurate product comparisons.

In this paper, we propose a web
scraping-based system designed for comparing
products across multiple e-commerce websites.
Our system offers configurability, allowing users
to specify extraction rules for each selected
target website. It operates by extracting data
from the target website in real-time as the
user enters a search query, ensuring that the
displayed product information is up to date.
This design addresses issues present in prior
price comparison websites, particularly those
related to mismatched or missing product
data. To enhance the user experience, we
are developing a feature that recommends
similar products within search results. This
system utilizes product names and images
as features and employs an Agglomerative
Clustering method for grouping similar products.
Moreover, our system incorporates a product
model identification feature, enabling the
recognition and grouping of products sharing
the same model. This feature can be used
with any product dataset as a reference. The

goal is to enable consumers to make informed
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decisions when shopping online, saving both
time and money while elevating their overall

online shopping experience.

2. Related Work

2.1 Web Scraping Approaches

Web scraping stands as a prevalent
data mining technology employed for extracting
unstructured data from diverse online sources.
The acquired data can subsequently undergo
restructuring and transformation into a structured
format. The process of web scraping can
be executed through manual techniques or
automated programs. Presently, websites
are commonly categorized into two principal
formats: static and dynamic. Each of these web
formats necessitates distinct data extraction
methodologies (Lan et al., 2021).

2.1.1 Static Webpages Scraping

Static webpages have a fixed data
structure and display the same content
stored on the web server side when HTML
data is loaded on the client’s web browser.
Retrieving HTML data from a static page is
typically done by sending an HTTP request.
Subsequently, an HTML Parser is employed to
extract the pertinent information from HTML
documents, thereby constructing a hierarchical
tree structure known as the Document Object
Model (DOM Tree). Within this context, users
specify the HTML tags housing the desired
information to facilitate the data extraction

process (Lan et al., 2021).

2.1.2 Dynamic Webpages Scraping

Web scraping of dynamic webpages
poses challenges due to the dynamic loading
of data using JavaScript. Dynamic pages cannot
be accessed in the requested HTML of the
target webpage by simply sending an HTTP
request. To overcome this issue, the web
driver is used, which is a web automation
framework which allows user to execute
test across various browsers (Gheorghe et
al., 2018). Web scraping methodologies
incorporate the use of a web driver, enabling
the automation of actions across different
web browsers. Employing a web driver to
interact with a website enables the system
to execute JavaScript on the target webpage,
thereby ensuring the retrieval of the necessary
information. Subsequently, HTML Parser are
employed to transform the HTML documents
retrieved from the webpage into a structured
tree format, facilitating the extraction of the

desired information (Lan et al., 2021).

The researcher conducted a review
of pertinent literature concerning data
extraction methodologies applied to diverse
e-commerce websites. A study by Ambre
et al. (2019) outlined the development of
a web application for comparing product
prices across multiple websites, utilizing static
web scraping methodologies with the Python
package. This involved incorporating the
Request library for sending HTTP requests and
the Beautiful Soup 4 library for HTML parsing. In
a separate study, Alam et al. (2020) introduced
a price comparison application tailored for
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Bangladeshi e-commerce platforms, utilizing
static webpage scraping methodologies via
the Scrapy framework for website access and
automated data extraction. In contrast, Asawa
et al. (2022) engineered a price comparison
web application involved the implementation
of dynamic web scraping techniques, utilizing
Selenium as a web driver, available in various
languages including Python, and Beautiful
Soup 4 as an HTML parser. Additionally, Mehak
et al. (2019) developed a web application
for product price comparison, employing a
hybrid approach that encompassed both HTTP
request transmission using Request library
and web driver techniques using Selenium
to access various websites, with Beautiful
Soup 4 serving as the HTML parser for this

application.

The mentioned studies employed
diverse methods for data extraction, with
some focusing on static web data extraction
using tools like the Request library or Scrapy
framework, while others utilized the Selenium
library for websites with dynamic content.
However, the latter approach often incurred
longer processing times compared to tools
designed for static websites. Notably, all the
mentioned research fixed the target websites
for their web scraping systems, limiting flexibility
when users wished to search for products on
different websites. Recognizing this limitation,
the researcher identified an opportunity to
enhance the efficiency of web data extraction
by developing a system capable of customization
for scraping any desired target website. This

system is designed to select extraction tools

based on the nature of the target website,
providing increased flexibility for users.

2.2 Product Matching Approaches

The process of product matching is
accomplished through the application of machine
learning methodolosgies. Various studies have
addressed the Product Matching process using
distinct approaches. Li et al. (2020) developed
a method for finding products of the same
type, employing an artificial neural network
model that considers two types of product
descriptions: title and attribute. It consists of
a model for processing product title data and
a model for processing product attributes data
together. Addagarla & Amalanathan (2020)
have developed an image-based search for
similar product recommendation system by
processing product image data by performing
Principal Component Analysis (PCA) using
Singular Value Decomposition (SVD) method.
Next, the data will be grouped using the
K-means++ method to group similar product
data. The input image is then measured for
Manhattan distance to the target clusters set,
fetching the top-N similar products with low
distance measures. Kannan (2021) developed
a system to classify whether products are
identical, utilizing product name and image
information from e-commerce websites. The
model is a combination of TF-IDF for product
name data and ResNet-18, a Convolutional
Neural Networks (CNN) architecture, for

product image data.

This research aims to develop an

efficient process for grouping similar products
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without relying on high processing power,
ensuring the prompt presentation of grouping
results to users. Despite the effective
outcomes produced by the artificial neural
network model, its resurce-intensive nature
led the researchers to explore alternatives.
While the K-means++ clustering method is
robust, it requires prior determination of the
number of clusters, posing a challenge when
dealing with products of an unknown grouping
structure. Additionally, the algorithm in the
last-mentioned research focuses on classifying
whether a product is similar to others, whereas
our research aims to group similar products.
Consequently, the researchers opted for the
TF-IDF method to process product names
and a pre-trained CNN model for processing
product images, extracting features with less
processing power. These features are then
employed in an Agglomerative Clustering
approach, a hierarchical clustering algorithm.
Unlike partitioning methods like K-means++,
agclomerative clustering builds a hierarchy
of clusters without predefining the number

of clusters.

3. Materials and Methods

In this research, a web application
has been designed as the system’s form.
The system was developed using the Django

framework, implemented in the Python

programming language. Django allows
developers to create web applications quickly
by providing many pre-built components
and templates, thus reducing development
time and effort. An overview of the system
architecture is presented in Figure 1. The

proposed system comprises three main layers:

Web Extraction Layer: This layer
focuses on extracting product data
from the target websites, initiated
by receiving search queries from

the user interface.

Data Categorization Layer:
Following the extraction of product
data in the Web Extraction Layer,
this layer categorizes the data. It
consists of two modules: one for
product type or model identifica-
tion and another for clustering
unidentified products.

Application Layer: This layer
provides a user interface, allowing
users to enter search queries for
their desired products, which are
then sent to the Web Extraction
Layer. Additionally, it displays the
product data generated by the

preceding layers.
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3.1 Implementation of the Web
Extraction System

The web extraction process takes
place within the Web Extraction Layer of
this system. This implementation involves
configuring extraction rules in the wrapper
configuration, providing directives to the
web wrapper for the accurate extraction of
product data from designated target websites.
When a user enters a search query in the
user interface, the web wrapper extracts
data from the target website based on
the search query and extraction rules. This
approach ensures the freshness of the extracted
data, addressing issues prevalent in existing
price comparison websites, such as missing
or mismatched information. Subsequently,
the extracted data is sent to the data
categorization layer for further processing.
The components involved in web extraction

are detailed as follows:

3.1.1 Wrapper Configuration

Wrapper configuration allows users
to customize the web wrapper in the Web
Extraction Layer. It provides rules for web
accessibility tools, offering two options:
Requests, for making HTTP requests, and
Selenium WebDriver, for automating web
browsers. In the initial step, users are tasked
with determining the dynamism of the target
webpage by disabling JavaScript. If the desired
data persists, the Requests option is used for
its faster processing time; otherwise, Selenium
is employed for dynamic pages. Subsequently,

users need to inspect the website’s HTML

structure to identify the HTML elements
containing required product data, such as titles,
prices, images, and URLs. This information
serves as a prerequisite for the configuration

of a dedicated file in subsequent steps.

The wrapper configuration file
template, as depicted in Figure 2, is formatted
in JSON. It requires users to define values
for each key. For elements requiring HTML
values, users specify the tag name, class
attribute, or ID of the HTML elements
identified during the earlier inspection. For
instance, if the product name is in “<div
class="product-name”>,” it’s defined in the
“title” key as “diviclass="product-name’]”.
Users can configure additional settings, such
as the number of pages to scrape and the
access method (sequential or parallel). An
example of the wrapper configuration for
each target website is provided in Figure 3.
Furthermore, users can customize web access
tools, including ‘Requests’ and ‘Selenium.’,
with the flexibility to customize HTTP headers
for Requests and browser actions, waiting times,
and scrolling preferences for Selenium. Users
can tailor web accessibility tools for each site,
enabling specific actions for different sites, or

use default settings if not specified.

3.1.2 Web Wrapper

Web Wrapper is responsible for
automatically extract product information
from the target website. To achieve successful
web data extraction, the system follows a
defined process. When a user enters a search

term in the user interface, the system reads
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"configs": [
{
"method": "[Specify the web access method: requests' or 'selenium'’,
"base_url": "[Enter the domain name of the target website]",
"search_url": "[Specify the URL for embedding search queries]",
"num_of pages": [Number of search results pages on the target website to be scraped.],
"multipage_processing method":"[Specify method for accessing multiple pages: 'sequential’
or 'parallel7",
"items": "[Specify the HTML element containing the block of product data]’,
"title": "[Specify the HTML element containing the product name]",
"price": "[Specify the HTML element containing the product price]",
"link": "[Specify the HTML element containing the product link; leave blank if not applicable]",
"image_url": "[Specify the HTML element containing the product image URL]",
"source": "[User-defined name for the target website to be displayed in the application result
page]"
2
{[Configurations of other target websites]}
1
"configs_request": {
"headers": {"[Specify browser HTTP headers]"}
3
"configs_selenium: {
"headless": "[Specify headless browser mode: yes ('y') or no ('n)]",
"wait_time": [Specify wait time before parsing HTML content (in seconds)],
"zoom":"[Apply webpage zoom: yes ('y") or no ('n)",
"zoom_percentage": [Specify webpage zoom percentage],
"scrolling”: "[Apply webpage scrolling: yes ('y") or no (n")l",
"scrolling_setting": {
"scrolling_step™: [Specify webpage scrolling step (in pixels)],
"scrolling_pause_time": [Specify webpage scrolling pause time in each step (in seconds)]
"max_step": [Specify the maximum number of steps for page scrolling, used if the page has

infinite

Figure 2. Template of Wrapper Configuration File
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Figure 3. Example of Wrapper Configuration

the wrapper configuration file to import the
specified data extraction rules. Subsequently,
the search term is incorporated into the URL
for product searches on the target website,
and the system accesses the website using
the chosen web access tool (either Requests
or Selenium WebDriver). Once access to the
target website is established, the Beautiful
Soup 4 library is invoked to parse the HTML
content, converting it into a structured tree
for data extraction. Beautiful Soup 4 then
extracts the data based on the rules defined

in the wrapper configuration file.

3.2 Product Type Identification
Process

Once the Web Wrapper extracts data
from target websites, this extracted data is

directed into the Product Identification module

within the Data Categorization Layer. The
core concept behind this process is to utilize
product datasets as metadata, describing
the product specifications for each item, to
identify the product types or models of the
extracted items. These datasets serve as a
reference to make such identifications. To
achieve this, the system employs TF-IDF (Term
Frequency-Inverse Document Frequency) for
vectorization of product names from both the
extracted products and the product dataset.
TF-IDF is a numerical statistic that reflects
the importance of a term within a document
relative to a collection of documents. The
algorithm consists of two components:
Term Frequency (TF) and Inverse Document
Frequency (IDF). TF measures the frequency
of a term within a document, while IDF

evaluates the rarity of a term across the entire
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corpus. The computations for TF and IDF are
expressed in Equations 1 and 2, respectively.
The TF-IDF score for a term in a document is
then derived by multiplying its TF by its IDF,
as depicted in Equation 3.

Numberoftimestermtappearsindocumentd

TF(d) = Totalnumberoftermsindocumentd ( 1 )
_ TotalnumberofdocumentsinthecorpusD

IDF(e,D) = log( Numberofdocumentscontainingtermt ) (2)

TF — IDF(t,d,D) = TF(t,d) X IDF(t,D)  (3)

The vectorization process involves
converting textual data, in this case, product
names, into numerical vectors. Specifically,
TF-IDF assigns weightings to each term based
on its frequency within the product name and
its rarity across the entire dataset. The system
then evaluates which product models in the
dataset exhibit the highest cosine similarity
values to the extracted products. The cosine
similarity is a measure of the cosine of the
angle between two vectors. In the context
of TF-IDF vectors, it indicates how closely
aligned the vectors are in the high-dimensional
space defined by the terms. The formula for
cosine similarity between two vectors A and

B is given by:

A, B __4r
cos(.B) = =l

where A-B is the dot product of vectors
A and B. [IAll and [IBI] are the magnitude
of vectors A and B, respectively. The result

is a value between -1 and 1. A value of 1

indicates perfect similarity, 0 indicates no
similarity, and -1 indicates perfect dissimilarity.
In this scenario, the model in the dataset with
the highest similarity to the scraped product
under consideration is identified, but if the
maximum cosine similarity value does not
meet the specified threshold (defaulting to
0.5, adjustable in the dataset configuration
file), the system does not identify the model
for the scraped product, considering that the
model is not in the dataset. Subsequently,
the system checks for any extracted products
identified as the same model, grouping
them into the same product category, and
prepares to transmit the results to the user
interface. Finally, the unidentified products are
forwarded to the Product Clustering module
for the grouping of similar products in the

subsequent step.

3.2.1 Configuring the Import
of Product Datasets

Users have the option to import a
product dataset into the system. This dataset
can be obtained from various online sources
or extracted from specific websites. The
imported dataset essentially acts as a guide
to assist in the identification of product types
or models from the target website’s data.
Users can configure dataset imports through
the system’s JSON-formatted configuration
file, with a provided template, as shown in
Figure 4. In the context of this research, two
datasets have been incorporated into the
system, one focusing on laptop computers

extracted from www.notebookspec.com and
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another on mobile phones extracted from  product titles to ensure correct processing.
www.specphone.com. These datasets were  Other settings allow users to customize the
created through web data extraction by the  display of product properties on the search
researcher using the Scrapy Framework, which  results page. For instance, users can choose
is proficient in swiftly extracting numerous  to display information such as Central
static webpages containing detailed product ~ Processing Unit (CPU), Graphics Processing
specifications. An example of a laptop dataset ~ Unit (GPU), Random Access Memory (RAM),
used in this system is shown in Figure 5. A and Solid State Drive (SSD) storage sizes,
crucial step involves specifying trigger words,  enhancing the convenience of product
which serve as keywords to match against the  searches. The example result of product type
user’s search queries. The system will import  identification is presented in Figure 6.

and process the dataset if any of these trigger
3.2.2 Filtering Products Using

Specification Data

words are found in the user’s search term.
For example, if the dataset pertains to laptop
computers, the user can define trigger words Once the entire process is complete,
like “Notebook” or “Laptop.” If the user’s  users can filter products on the web applica-
search query includes any of these words,  tion’s results page using product specification
e.g., “Laptop for Students”, the system will  data, utilizing the product dataset as metadata
import the corresponding laptop dataset for  for filtering. For instance, when employing a
further processing. laptop computer dataset, users may search
for specific laptop models with particular CPU

Additionally, the user must indicate the

name of the column in the dataset containing or GPU types, as illustrated in Figure 7.

“dataset_configs”: [
{
“trigger_words”: [“Specify a set of trigger words for dataset importation”],
“file_path”: “Specify the file path of the dataset”,
“title_column_name”: “Specify the column name in the dataset containing product model
names”,
“columns_to be shown”: [“Specify names of columns in the dataset with specification data
to display in the result page”],
“similarity_threshold”: “Specify the minimum cosine similarity threshold to consider a product
match (default is 0.5)”
}
{“Additional configurations for other dataset importations”}

]

Figure 4. Template of Dataset Configuration File
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Figure 5. Example of Laptop Dataset
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Figure 6. Example of Product Identification Result
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Search Result for “laptop”

cpu: CPU
AMD Ryzen 7 7840HS (380 GHz up to 510 GHz, 16 MB L3 Cache)
AMD Ryzen 7 7730U (200 GHz up to 450 GHz, 16MB L3 Cache)
AMD Ryzen 7 5800H (320 GHz up to 440 GHz, 16 MB L3 Cache)
AMD Ryzen 7 570QU (180 GHz up to 430 GHz, 8 MB L3 Cache)
AMD Ryzen 7 6800H (320 GHz up to 47@ GHz, 16 MB L3 Cache)
AMD Ryzen 7 7735HS (320 GHz 16MB L3 Cache up to 475 GHz)
AMD Ryzen 7 784U (330 GHz up to 510 GHz, 16MB L3 Cache)

AMD Ryzen 7 68QQHS (320 GHz up to 47@ GHz, 16 MB L3 Cache)

ASUS Gaming_Laptop 156 Inch Laptop
Factory New AMD Ryzen 5 3500U RAM:

1dada 14 {i> 1920X1080 Laptop notebook
M 4

P
laptop computer

r

Unlock Suus:AuktoUsadows
15ulsé: Lazada 5ulsé: Lazada

6,369.00 uIn 15,86410 un

12/16GB SSD: 256GB/512GB/1TB Fingerprint

v | ryzen7 Apply Search Filter

NOTEBOOK (Ttia{in)_MICROSOFT SURFACE
APTOP 5 15" i7/8/256 (PLATINUM)

45,900.00 uIn

Sulsd: JIB

SURFACE Laptop Go 2 (12.4", Intel Core i5,
RAM 8GB, 128GB)

15ulud: Power Buy

23,00000 uIn

Figure 7. Search Filtering

3.3 Similar Product Grouping
Process

This phase, executed within the Data
Categorization Layer similar to the previous
process, categorizes unclassified data from
either the Product Identification module or
directly from the Web Wrapper in instances
where dataset importation is not performed.
The Agglomerative Clustering method is em-
ployed, utilizing product names and images as
features for grouping. Agglomerative Clustering
is a hierarchical clustering algorithm used for
grouping similar data points into clusters. The
process starts with each data point considered
as an individual cluster and, in each iteration,
merges the closest pair of clusters until only
one cluster remains. The key idea is to build
a hierarchy of clusters, represented as a tree
or dendrogram, where the leaves of the tree
are the individual data points, and the root
is the ultimate single cluster containing all

data points.

Initially, product name data undergoes
preprocessing, including punctuation removal,
tokenization, and stop-word elimination.
Then, the data is vectorized using TF-IDF. For
the product images, features are extracted
using a Convolutional Neural Network (CNN)
model. Image features represent patterns,
shapes, and structures within images, providing
numerical representations of content. The
CNN model, pretrained on the ImageNet-1k
dataset containing 1,281,167 categorized im-
ages (Russakovsky et al., 2015), learns filters
and patterns useful for discriminating between
objects or features within images. This process
is facilitated by the PyTorch library, providing
image preprocessing tools such as resizing,
central cropping, and normalization. After
extracting both product name and image
features, the system concatenates these
features and employs them for data grouping
via Agglomerative Clustering, utilizing the
scikit-learn library and the “cosine” metric

for grouping. This process requires defining
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a Distance Threshold, determining when the
system combines groups based on cosine
distance, which can be specified in the product
grouping configuration file. Subsequently,
all grouped product data is collected and
transmitted to the frontend system, allowing
users to search for similar products, as
illustrated in Figure 8. Furthermore, the system
stores feature data extracted from product
images in its cache to expedite future searches
for the same products. Since image feature
extraction is computationally intensive and
time-consuming, cached feature data enables
quicker processing. This optimization reduces

overall processing time.

4. Results and Discussion

We conducted a preliminary evaluation
of our system in two aspects. Firstly, the
web extraction system underwent evaluation
through experiments involving the extraction
of product data from various e-commerce

websites. These experiments aimed to

verify whether the extracted results correctly
contained the product data from the target
websites. Specifically, we selected Lazada
(lazada.co.th), Power Buy (powerbuy.co.th),
Banana IT (bnn.in.th), and JIB (jib.co.th) as target
websites. The web extraction experiments
encompassed ten different search queries.
The results presented in Table 1 demonstrate
that our system, with a correctly configured
Web Wrapper, achieved a 100 percent
accuracy rate in extracting product data
from target websites. This indicates that our
system extracted data without any missing

or mismatched information.

The second aspect of our evaluation
focused on the performance of our similar
products grouping system. Given the avail-
ability of numerous CNN models, researchers
conducted experiments to determine the most
suitable model for extracting features from
images and classifying them using Agglom-
erative Clustering. The experiments utilized

product dataset sourced from the Shopee

TEFAL 1anSauiv (1200 Jad)_su FS2622

Sulsd: Power Buy

479.00 un

130 tefal indourv su FS2622 didolw 1200 Jad duiso

15ulué: Lozada

320.00 uin

IEFAL ianSquiio FS2622 (1200 3aq) Suus:dy 2 U
15ulsé: Lozada

290.00 un

| View similar products :‘

Similar Products

Figure 8. Example of Similar Product Grouping Result
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website, specifically a dataset designed for a
similar product classification competition on
www.kaggle.com. This dataset encompasses
specifications for various types of products,
including fashion items, electronics, and
consumer goods. The dataset, comprising
product name and image information necessary
for the product grouping process, was
downloaded from www.kaggle.com and
imported into the system for experimentation.
To assess the efficiency of these models, the
researchers calculated the F1 score for each
product and subsequently averaged these
scores. This process determined the distance
threshold value that yielded the highest F1

score, guiding model selection.

Table 1.

Researchers opted for several CNN
models that are computationally efficient,
pretrained on the ImageNet dataset. To
expedite the research, a subset of 1,000
products was employed in the experiments.
The results, presented in Table 2, demonstrated
that the EfficientNet-BO model (Tan & Le,
2019) outperformed other models without
significantly increasing processing time for
feature extraction and product grouping.
Consequently, this model was selected as the
default for extracting image features within
our system. Subsequently, when the features
obtained from TF-IDF were combined with
features from EfficientNet-BO for clustering,
they exhibited superior performance compared
to using TF-IDF features or the EfficientNet-B0

model in isolation.

Web extraction experimental result

Total Product Data

Target Website  Extracting Method

Total Valid Product Data

Appeared on the Website Extracted
Lazada Dynamic a7 487
Power Buy Static 287 287
Banana T Static 377 377
JIB Static 604 604
Table 2. Products grouping experimental result

Method F1 Score Processing Time (second) Best Distance Threshold
MobileNetV3-Small 0.7862 6.046 0.23
MobileNetV3-Large 0.7643 6.512 0.33
Resnet18 0.7503 6.9090 0.18
EfficientNet-BO 0.7990 8.1388 0.48
TF-IDF 0.8631 0.5142 0.82
TF-IDF + EfficientNet-BO 0.9428 8.6026 0.68
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5. Conclusion

In this study, we have introduced a
Data Scraping-based System designed to ex-
tract product data from various E-commerce
websites. This system incorporates features
for product identification and grouping of
similar products, enhancing the browsing
experience for users. Users can customize
the system by defining extraction rules for
web scraping and importing data for product
identification. The effectiveness of the system
is underlined by its ability to provide updated
and tailored search results to users, reducing
data mismatch and missing issues and thereby
improving their online shopping experience.
We anticipate continuous improvements to
our system, focusing on optimizing product
data feature extraction, enhancing clustering
methods, and refining the data scraping pro-
cess. By continually refining and expanding
the system’s capabilities, we aim to bridge
the gap between consumers and e-commerce
platforms, making online shopping a more
streamlined and rewarding experience for

all parties involved.

Reference

Addagarla, S. K., & Amalanathan, A. (2020).
Probabilistic unsupervised machine
learning approach for a similar image
recommender system for E-commerce.
Symmetry, 12(11), 1783. https://doi.
org/10.3390/sym12111783

Alam, A, Anjum, A. A, Tasin, F. S., Reyad,
M. R, Sinthee, S. A., & Hossain, N.
(2020). Upoma: A dynamic online
price comparison tool for Bangladeshi
E-commerce websites. 2020 IEEE
Region 10 Symposium (TENSYMP),
194-197. https://doi.org/10.1109/
tensymp50017.2020.9230862

Ambre, A., Gaikwad, P., Pawar, K., & Patil, V.
(2019). Web and android applica-
tion for comparison of E-commerce
products. International Journal of
Advanced Engineering, Management
and Science, 5(4), 266-268. https://
doi.org/10.22161/ijaems.5.4.5

Asawa, A., Dabre, S., Rahise, S., Bansode,
M., Talele, K. T., & Chimurkar, P.
(2022). Co-Mart - A daily necessity
price comparison application. 2022
International Conference on Applied
Artificial Intelligence and Comput-
ing (ICAAIC), 1076~1080. https://doi.
0rg/10.1109/icaaic53929.2022.9792935

Gheorghe, M., Mihai, F.-C., & Dardala, M. (2018).
Modern techniques of web scraping
for data scientists. International
Journal of User-System Interaction,
11(1), 63-75. https://rochi.utcluj.ro/
rrioc/articole/RRIOC-11-1-Gheorghe.pdf

Kannan, H. K. (2021). E-commerce product
similarity match detection using
product text and images [Master’s
thesis, National College of Ireland].
https://norma.ncirl.ie/5171/



Web Scraping-based System for E-commerce Price Comparison... 362 UTWTSTMUTWEWEMWWLLMW\WIUIE@U?%EJM, 7(2): 2568

Pongsin Jankaew and Wachirawut Thamviset Journal of Applied Informatics and Technology, 7(2): 2025

Kemp, S. (2022). Digital 2022: Another year Russakovsky, O., Deng, J., Su, H., Krause, J.,

of bumper growth. We are social.
Retrieved August 24, 2023, from https://
wearesocial.com/us/blog/2022/01/
digital-2022-another-year-of-bumper-
growth-2/

Lan, H., Sha, D., Malarvizhi, A. S., Liu, Y., Li, Y.,

Meister, N., Liu, Q., Wang, Z., Yang, J.,
& Yang, C. P. (2021). COVID-Scraper:
An open-source toolset for
automatically scraping and processing
global multi-scale spatiotemporal
COVID-19 records. IEEE Access, 9,
84783-84798. https://doi.org/10.1109/
access.2021.3085682

Li, J., Dou, Z., Zhu, Y., Zuo, X., & Wen, J.-R.

(2019). Deep cross-platform product
matching in E-commerce. Information
Retrieval Journal, 23(2), 136-158.
https://doi.org/10.1007/s10791-019-
09360-1

Mehak, S., Zafar, R., Aslam, S., & Bhatti, S. M.

(2019). Exploiting filtering approach
with web scrapping for smart online
shopping : Penny Wise: A wise
tool for online shopping. 2019 2nd
International Conference on
Computing, Mathematics and
Engineering Technologies (ICOMET),
1-5. https://doi.org/10.1109/
icomet.2019.8673399

Satheesh, S., Ma, S., Huang, Z., Karpathy,
A., Khosla, A., Bernstein, M., Berg, A.
C., & Fei-Fei, L. (2015). ImageNet large
scale visual recognition challenge.
International Journal of Computer
Vision, 115(3), 211-252. https://doi.
0rg/10.1007/s11263-015-0816-y

Tan, M., & Le, Q. (2019). EfficientNet: Rethinking

model scaling for convolutional
neural networks. Proceedings of
the 36th International Conference
on Machine Learning (Vol. 97),
6105-6114. https://proceedings.mlr.
press/v97/tan19a.html



I ahasarakham Univers aile / . ) A
J l\[lllh l\v lll ,lll\h m 1:;\ ersity, Thailand | Journal of Applied Informatics and Technology, 7(2), 363-374. H[ Research Article )
ttp://jit.it. msu.ac.th \ )

A Comparative Study of Sea Lettuce Cultivation in Seawater
and Scientific Saltwater using IoT Technology

Suttipong Klongdee', Sriwaree Sujaritchai’, Sommart Promput®’

12

Department of Information Technology Faculty of Social Technology, Rajamangala University of Technology Tawan-ok, Chanthaburi

Campus, Chanthaburi 22210, Thailand.

Tawan-ok, Chonburi 20110, Thailand.

Department of Mechatronics and Robotics Engineering, School of Engineering and Innovation, Rajamangala University of Technology

Corresponding author: Sommart Promput (sommart_pr@rmutto.ac.th)

Received:

2 April 2024
Revised:

17 May 2024
Accepted:

20 June 2024

Keywords:

Cultivation, Internet of Things,
Sea Lettuce, Smart Agriculture,
Temperature Control

Abstract: Ulva Rigida, known as sea lettuce, is a variety of
marine algae that exhibits a high degree of cultivation feasibility.
Sea lettuce offers numerous health benefits and is increasingly
being considered as a future food source that could promote
commercial cultivation. However, challenges arise in assessing
the feasibility of utilizing seawater appropriately, which could be
addressed by incorporating the Internet of Things (IoT) into this
study. This research aims to investigate and compare the growth
of sea lettuce between seawater and scientific saltwater using
loT based on temperature-controlling systems. The loT-enabled
sea lettuce cultivation system can record and display real-time
data using Arduino Nano. The results show that the scientific
saltwater closely approximates the properties of seawater during
the 21-day cultivation period. Sea lettuce cultivated in seawater
exhibited greater growth and weight gain compared to cultivation in
scientific saltwater. The average weight gain per day was 3.27 grams
for seawater cultivation and 2.83 grams for scientific saltwater
cultivation, indicating a difference of 0.44 grams. These
experimental results demonstrate the feasibility of using scientific
saltwater, which exhibits properties resembling seawater.
Cultivating with scientific saltwater facilitates ease of cultivation
and eliminates the need for coastal locations. Additionally, it has

the potential to reduce pollution in marine environments.
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1. Introduction

In today’s era, people place great
importance on health and wellness, leading
to a significant trend toward interest in
healthy foods, which has become a prominent
phenomenon in the food industry. Modern
consumers aspire to maintain their health
by consuming foods that offer benefits to
their bodies, thereby shaping the future
of food trends, also known as future food.
Future foods are typically categorized into
four main groups: organic foods, medical
foods, functional foods, and novel foods
(Boonlertvanit, 2020). In the Asia-Pacific
region, seaweed is predominantly utilized, and
there’s a growing consumer awareness and
preference for seaweed. The value of growing
sea lettuce as a sustainable food supply is
significant because of its health benefits and
environmental advantages, which has led
to a growing interest in commercial farming.
Fisheries department policies in Thailand, which
promote commercial seaweed cultivation and
the production of seaweed for the health food
market, partly influence the trend in seaweed
consumption. Consequently, there has been
a significant increase in seaweed farms, with
products widely available on the market. We
directly consume sea lettuce as food, and
it can also serve as a future food source for
various industries (Tanchaiha et al., 2021). A
study has found that the nutritional value of
sea lettuce becomes a rich source of protein
and beneficial nutrients because 100 grams
of sea lettuce reveal protein content ranging
from 10 to 25 grams and carbohydrate content

between 42 to 47 grams (Somchun, 2023).

Currently, the Khung Kraben Bay Royal
Development Study Center, established as
a result of royal initiatives in Chanthaburi
province, focuses on sea lettuce cultivation,
propagation, and promotion of the processing
of sea lettuce. The community actively
participates in these activities to generate
income (Vinil, 2023). Cultivating sea lettuce
is a straightforward process that yields
successful growth. However, seaweed
cultivation requires clean seawater without
contamination from pollutants. The seawater
must have an appropriate level, be settled, and
be filtered before being used for cultivation.
This imposes constraints on cultivation
experiments that demand close proximity to
or direct availability of the sea. Farmers who
intend to plant sea lettuce, although situated
far from the coast, are forced to deal with
extra expenses for preparing and transporting

seawater to the production site.

As the promotion of sea lettuce
cultivation for commercial purposes increases,
studies on seaweed cultivation in environments
with varying water qualities become increasingly
important, which can be investigated in this
study. Cultivating sea lettuce in seawater and
scientific saltwater presents challenges in
Internet of Things (loT)-based environmental
control, such as maintaining water quality,
preparing cultivation areas, and ensuring
system cleanliness. Therefore, this study aims
to investigate the cultivation of sea lettuce

in habitats with different water characteristics
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based on temperature-controlling systems. By
comparing the growth of sea lettuce cultivated
in natural seawater and scientific saltwater
and utilizing internet-based technology,
researchers have effectively monitored water
quality and controlled the environment of
sea lettuce cultivation to ensure suitability.
Parameters such as temperature, pH, and
lisht intensity are efficiently measured and
controlled (Rukhiran et al., 2023; de Camargo
et al., 2023; Rukhiran & Netinant, 2020). This
study contributes to how cultivators understand
and effectively manage the challenges of sea
lettuce cultivation, facilitating the sustainable
development of the seaweed cultivation
industry domestically and globally, and advancing
the seaweed cultivation industry through
innovative loT-based environmental control
systems. Accurate and reliable commercial
studies are critical for driving innovation and

advancement in this industry into the future.

2. Literature Review

2.1 Sea Lettuce Definition

Sea lettuce, classified under the green
algae family Ulvaceae, is commonly known
as Sea Lettuce (Ulva Rigida) or green laver in
Japan, referred to as Ao-Nori (Mouritsen et al.,
2018). Sea lettuce is characterized by thin,
flat blades with a holdfast at the base. Newly
sprouted plants have cells arranged in a single
row before branching out into multiple rows
with two layers of cells that remain attached,
as shown in Figure. 1. Growth occurs through

cell division both horizontally and vertically,

resulting in flat sheets with frills along the
edges. Sea lettuce is typically observed in a
state of buoyancy close to shorelines or af-
fixed to rocks and other types of sea lettuce.
The environmental and nutritional factors
suitable for sea lettuce cultivation include

as follows:

Salinity: 25 — 30 parts per thousand
(Tolerant within 15 - 40 parts per

thousand)
Light intensity: 5,000 — 10,000 lux.
Water temperature: 25 — 30 °C

Total nitrogen content: 0.5 - 1.0
milligrams N/liter and phosphate
0.01 milligrams P/liter

pH level: between 8 - 9.

2.2 Seaweed Cultivation and
Monitoring through loT

Many studies exploring the potential
of IoT in seaweed cultivation and monitoring
(Iskandar et al., 2021) focus on a buoy-based
system. The loT-based monitoring system is
being developed to measure environmental

parameters in a seaweed farm using sensors

Figure 1. Samples of sea lettuce
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placed on a buoy. The result of this study
is the dynamic parameter values that are
continuously showcased on the dashboard,
accessible through a web browser. On a
low-power underwater sensor device, the
unique small low-power NFC-enabled data
collection system was created to monitor
seaweed growth parameters in an agricultural
environment (Peres et al., 2021). The device
records temperature, light intensity, depth,
and motion, and the information can be
messaged or downloaded to facilitate informed
decision-making for farmers. These systems can
potentially improve productivity and reduce
costs in seaweed cultivation. Jahanbakht et al.
(2021) offered a comprehensive survey of the
Internet of Underwater Things (loUT) and Big
Marine Data (BMD) analytics, highlighting the
potential for these technologies in seaweed

cultivation and monitoring.

Therefore, this study addresses a
research gap in seaweed farming by
examining the cultivation of sea lettuce in both
seawater and scientifically prepared saltwater.
The study utilizes loT technology, which is
not commonly used in existing research on
this topic. An innovative loT-based system
has been designed to monitor environmental

factors in sea lettuce farms in real time.

3. Research Methodology

This practical study aims to compare
the growth of sea lettuce in different types of
water, namely natural seawater and scientific
saltwater. The research methodology consists

of:

Studying the growth characteristics
and maintenance of sea lettuce
involves joint research with the
Ao Kung Kraben Development
Study Center, initiated by royal

initiatives in Chanthaburi province.

Designing and developing an
architectural system for the
loT-based sea lettuce cultivation
system by focusing on temperature
control as a primary factor. The
system that has been created is
capable of receiving data from
a range of sensors, including
those that measure pH, salinity,
light, room temperature, and
water temperature. If the water
temperature exceeds 30 °C, the
system will activate a relay in
order to provide electricity to the
pump for the purpose of spraying
water. Ascend to the water’s
surface in order to decrease the
temperature. In addition, the data
is collected using cloud comput-
ing using Wi-Fi.

During the experiment, sea
lettuce cultivation is conducted
under controlled conditions in
natural seawater and scientific
saltwater [Please show, in the
Table, ingredients of scientific
saltwater] without replenishing
additional water in the containers.

Sea lettuce cultivation examples
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are controlled based on the
weight of the sea lettuce with
very minor differences allowed
in the experiments. The water
temperature is maintained within
the appropriate range of 25-30 °C
throughout the 21-day duration
to match the growth conditions

of the sea lettuce.

Evaluating the growth performance
of sea lettuce under two different
water conditions over the

specified period.

Reporting the comparison results
of two different water conditions

among a salinity level, pH,

temperature, and weight of sea
lettuce. To calculate the Average
Daily Gain (ADG) of seaweed
growth over a period of 21 days
using the formula for weight gain

per day, in Equation (1)

FinalWeight—InitialWeight
"NumberofDays"

ADG =

(1

where:
ADG is the weight gained per day.

Final Weight is the total weight of the
sea lettuce
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Figure 3. Prototype of loT-based sea lettuce cultivation system

Initial Weight is the weight of the sea

lettuce

Number of Days is the duration of the
growth period, which is 21 days in this case.

4. Proposed loT-Based Sea lettuce
Cultivation System

4.1 System Architecture Design

The design and development of an
loT-based sea lettuce cultivation system to
support, inspect, and control the environment
suitable for sea lettuce seaweed cultivation.
The hardware components consist of an
Arduino Nano, which is used as a microcontroller
for controlling operations. ESP32 receives
data through a Wi-Fi connection and sends
recorded data to cloud computing. A pH

sensor for measuring acidity. A salinity meter
is used for calculating the salinity of water.
A temperature regulation system with
lighting and irrigation capabilities can
effectively maintain water temperatures
within 25 to 30 °C. The light-control system
is an 18W LED through a relay module with
4 channels (5V 10A). An irrigation system is
utilized to automatically manage the water
spray to decrease the temperature within the
culture tank. This control is achieved by a relay
as well. The system architecture overview of
the loT-based sea lettuce cultivation system
is illustrated in Figure 2. The final prototype
of the proposed system is shown in Figure 3.

Table 1 presents a comprehensive
overview of the loT-enabled hardware used

in developing a system-defined criteria.
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Table 1.  Hardware components of this
study
Devices Images

Arduino Nano 3.0
Mini USB

ESP32 NodeMCU
ESP-WROOM-32 Wi-Fi
and Bluetooth Module

pH Meter: E-201-C

Waterproof Tempera-
ture Sensor: Sensor
DS18B20

Digital Temperature
and Humidity Sensor:
DHT11

Salinity Meter
0-2500ppm: LYg-300

Relay Module 12V
4 Channel Isolation
Low Trigger 250V/10A

Switching Power
Supply 12V 3A

LCD with Backlight
of LCD Screen 24x4

4.2 Conditions Design of Sea
Lettuce Cultivation

In the conditional design for controlling
factors in the cultivation process of sea
lettuce, the sampling was established for
cultivation using seawater: The weight of all
sea lettuce specimens was recorded as 10.17
grams, with a total of 13 pieces. The average
size was measured to be approximately
7.96 x 8.85 cm. These specimens were then
tested for cultivation in a 10-liter cultivation
tank filled with seawater, as shown in Figure
4, and Figure 5. shows the cultivation using
the scientific saline solution: The weight of all
sea lettuce specimens was recorded at 10.16
grams, for a total of 13 pieces. The average
size was measured to be approximately 7.27
x 10.05 cm. These samples were then tested
for cultivation in a 10-liter cultivation tank
filled with scientific saltwater, as illustrated

in Figure 6.

Figure 4. Weight collection process

of seawater
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Figure 5. Weight collection process

of scientific saltwater

To install a trial set for sea lettuce, we
utilized two LED lights with a power output of
18 watts. These lights had a length of 60 cm.
These bulbs have been designed specifically
for plant growth. The light will be scheduled
to automatically turn on and off every day
for a duration of 13 hours (from 5:00 a.m. to
6:00 p.m. on and from 6:01 p.m. to 4:59 a.m.
off) at a brightness level of 10,030 Lux. using
Internet of Things technology. The experiment
consisted of four planting phases on the 4th,
8th, 12th, and 16th days. Each experimental
plot received a bio-extract nutrient solution
at a ratio of 1 ml per plot during each phase.

The harvesting occurred on the 21st day.

5. Results

5.1 Parameters Report

This study involved collecting data

on various parameters from different sensors

Figure 6. Inspection during the cultivation

of sea lettuce

over a period of 21 days to compare the
results between the growth of sea lettuce in
seawater and scientific saltwater. The collected
data included salinity levels, pH levels, and
water temperature both in the water and in
the room environment, along with the weight

measurements of the seaweed harvest.

The experimental results of the initial
salinity level in the test were 29 ppt (parts per
thousand), and there was no water exchange
during the experiment. It was observed that
the salinity level of the seawater increased to
49 ppt after the experiment, while the salinity
level of the scientific saltwater was measured
at 47 ppt. This indicated a difference of 2 ppt
between the salinity levels of the two types
of water. Despite this difference, the results
demonstrated similar salinity characteristics
between seawater and scientific-grade
saltwater, as depicted in Figure 7.
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Figure 7. Comparison results of salinity levels
between seawater and scientific sea salt

Temperature

12 3 4 s 6 7 8 9 10 1 12 13 14 1S

——Scawater - - Scientific Sea Salt —— Laboratory Temperature

Figure 9 Comparison results of temperature
among seawater, scientific sea salt, and
laboratory

In Figure 8, the comparison of the pH
values that controlled pH levels within the
range of 8-9 is reported. The average pH of
seawater was 8.65, while the average pH of
scientific saltwater was 8.79. The difference
in pH between the two averaged 0.14. Figure
9. demonstrates the temperature control
system successfully maintaining the water
temperature within the range of 25 to 30 °C.
The average temperature of seawater and
scientific saltwater was 24.35 °C and 24.50
°C, respectively., while the room temperature
averaged 26.59 °C.

Based on the data recorded after

the seaweed cultivation experiment using

pH levels

pH values

12 3 4 5 6

708 9 10 11 12 13 14 15 16 17 18 19 2 21
Days

——Seawater - - Scientific Sea Salt

Figure 8 Comparison results of pH levels
between seawater and scientific sea salt

Weight of Sea Lettuce (g.)

‘Weight of Sea Lettuce (g.)

1 2 3 4 5 6 7

$ 9 10 1 12 13 14 15 16 17 18 19 20 2
Days

—Seawater - - Scientific Sea Salt

Figure 10 Comparison results of weight
among seawater and scientific sea salt
Acknowledgment

seawater and scientific saltwater, it was found
that cultivation using seawater resulted in
greater growth and weight gain compared
to cultivation using scientific saltwater. The
weight gain per day from seawater cultivation
was 3.27 grams, while from scientific saltwater
cultivation, it was 2.83 grams. The difference
between them was 0.44 grams, as shown
in Figure 10. Additionally, the average size
increase per day from seawater cultivation was
0.16 x 0.37 cm, while from scientific saltwater
cultivation, it was 0.19 x 0.22 cm. The
difference between them was 0.04 x 0.15 cm,
as illustrated in Figure 11(a) and (b).
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Figure 11 The size of the seaweed after
cultivation: (a) In seawater (b) In scientific
saltwater

6. Discussion and Conclusion

This study compares sea lettuce
cultivation using natural seawater and scientific
saltwater. The real-time data and monitoring
and recording were accomplished through loT
technology developed from Arduino Nano and
ESP32, utilizing Google Sheets. The findings of
this study focus on the potential of seaweed
cultivation, particularly sea lettuce, in
different water environments, namely natural
seawater and scientific saltwater. This study
offers valuable information on the growth
performance of sea lettuce under varying
water conditions through various real-time
data collection and analysis techniques
facilitated by loT technology. In the context of
temperature control in sea lettuce cultivation,
thresholds play a crucial role in maintaining
optimal growing conditions, similarly to Iskandar
et al. (2021) and Siddiqui, Zaidi, & Abdullah
(2019). Thresholds are predefined limits or
boundaries set for certain parameters, such
as temperature, that trigger specific actions

or adjustments in the cultivation environ-
ment, as found in Rukhiran et al. (2023) and
Purnamawati (2021). The authors determine
the temperature control system using light
and watering sprays related to the studies
of Bachtiar, Hidayat, & Anantama (2022), and
Liang et al. (2022).

In addition, the pH levels and water
temperatures were effectively controlled within
the desired ranges throughout the cultivation
period (Liang et al., 2022; Nguyen et al., 2022).
The comparison of growth performance over
a 21-day period showed that the properties of
scientific saltwater resemble those of natural
seawater. The pH levels in both seawater and
scientific saltwater fell within the optimal
range of 8-9, demonstrating the suitability of
both water types for sea lettuce cultivation.
Moreover, the temperature control system
successfully maintained water temperatures
within the range of 25 to 30 °C, conducive to

sea lettuce growth.

The results indicate that sea lettuce
cultivated in seawater exhibited greater growth
and weight gain compared to cultivation in
scientific saltwater. The average weight gain
per day was 3.27 grams for seawater cultivation
and 2.83 grams for scientific saltwater
cultivation, indicating a difference of 0.44
grams. This study delivers a possible method
of seaweed cultivation in environments
where access to clean seawater is limited.
Moreover, the proposed loT-based
environmental control system provides a

valuable tool for monitoring and managing
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sea lettuce cultivation, contributing to the
sustainable development of the seaweed
cultivation industry domestically and globally.
By suggesting further research, additional factors
can be explored influencing seaweed growth
and expanding the application of loT-based
environmental control systems to enhance

cultivation efficiency and sustainability.
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Abstract: This study explores the phishing risk awareness levels
among academic staff at Thai universities, employing association
rule mining (ARM) to identify critical factors influencing high and
low levels of awareness. Targeting a diverse group of 400 academic
staff members, the research utilized a structured questionnaire
comprising demographic information, direct and indirect experiences
with phishing, and perceptions of phishing. In association rules,
a lift value of 1 indicates independence between X and Y, while
values greater than 1 or less than 1 indicate positive or negative
correlation, respectively. The findings revealed several critical
findings: despite being able to define phishing, many individuals
do not perceive it as a significant threat; moderate internet skills
are not necessarily indicative of high phishing awareness; and
direct experiences with phishing do not always correlate with an
increased awareness of its potential impact. These results highlight
a disconnect between knowledge and perceived risk and suggest
that existing internet skills and experiences are insufficient for
cultivating a robust understanding of phishing risks. The study
underscores the necessity for targeted educational interventions
specifically designed to address the varied needs of university staff,
enhancing their ability to recognize and respond to cybersecurity

threats effectively.
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1. Introduction

Phishing, a prevalent form of social
engineering attack, represents a significant
threat to the security of information systems,
especially within academic environments
(Alabdan, 2020). University academic staff,
who have access to sensitive data and play
crucial roles in governance, are particularly
vulnerable to such attacks. Therefore, assessing
their awareness of phishing risks is vital for
bolstering institutional cybersecurity measures.
Association rule mining, a key data mining
technique, is instrumental in extracting meaningful
insights from large datasets by revealing
interesting relationships between variables
(Fister et al., 2023). In this study, association
rule mining is employed to analyze patterns
and correlations concerning the phishing risk
awareness levels among university academic
staff. This research aims to identify the factors
that influence ‘phishing awareness = high” and
‘phishing awareness = low’ among academic staff
in Thai universities. This involves investigating
how various attributes, determined through
a questionnaire, contribute to a high or low
level of awareness regarding phishing risks.
The selection of university academic staff as
the focus of this study is motivated by their
critical role in handling sensitive information
and their potential impact on shaping
cybersecurity policies and practices within

academic institutions.

This article explores an in-depth study
conducted in Thailand, engaging 400 participants
from the academic staff of Thai universities.

Carried out in 2020, this research period was
notable for a significant rise in cyber threats
fueled by increased digital communications.
The importance of this study is twofold: its
contribution to cybersecurity literature and its
focus on a critical group within the academic
sector — university staff. Understanding the
phishing risk awareness among these individuals
is crucial for developing effective strategies
to enhance their recognition and response
capabilities to cyber threats. Central to this
research are three key research questions,
all related to the application of association

rule mining:

1) What association rules can be
identified that indicate high phishing risk
awareness among academic staff in Thai

universities?

2) What patterns and correlations,
as revealed by association rule mining, are
associated with low levels of phishing risk

awareness in this demographic?

3) How do the identified association
rules for high and low phishing awareness inform
the development of targeted cybersecurity
training and preventive measures within

academic institutions?

2. Related Work

Phishing is rapidly increasing as fraud
cleverly blends social engineering tactics
(Alabdan, 2020). This attack typically involves
using deceptive emails or websites designed
to dupe unsuspecting victims into divulging

personal or sensitive information, leading
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to identity theft (Aleroud & Zhou, 2017).
Such tactics often escalate to other forms
of information security threats. For instance,
cybercriminals might use stolen details like
account names, passwords, or credit card
numbers to create fraudulent credit accounts,
committing cybercrimes. Additionally, phishing
can involve enticing victims to click on
malicious links, resulting in the covert
installation of malware on their devices
(Parsons et al., 2019). The effectiveness of
these phishing attacks is often enhanced
through sophisticated strategies, including
the use of espionage software that aids in

gathering critical personal information.

2.1 Phishing Threats and Risk
Awareness

Risk perception is central to understanding
phishing awareness among academic staff
in Thai universities. The APA Dictionary of
Psychology (n.d.) defines perception as the
awareness of objects, relationships, and events
via the senses. In contrast, awareness is the
conscious recognition of these elements. Risk
involves the likelihood of adverse events
and potential loss or harm. Risk perception,
or perceived risk, refers to an individual’s
subjective judgment of the risk associated with
a threat (Nam, 2019). These perceptions can
be influenced by demographic factors and
the sense of control; for example, drivers
might perceive lower risk while driving due
to their sense of control, as opposed to the
high perceived risks of uncontrollable events

like earthquakes. Risk perceptions can also be

skewed, often underestimated, or exaggerated
based on familiarity or lack thereof and are
shaped by an individual’s knowledge and

emotional response to risks (Chavas, 2004).

This research on phishing risk
awareness in academic environments parallels
these concepts. Phishing, an often uncontrollable
and unpredictable threat, is likely to be
perceived as a high risk by university staff.
However, as with other risks, the perception
of phishing threats can be skewed by a lack
of awareness of actual statistical data and
a tendency to underestimate familiar risks
while overestimating unfamiliar ones (Abroshan
et al., 2021). This ties back to the common
assumption in risk perception research:
people’s knowledge and understanding
significantly influence how they perceive risks.
Thus, our study investigates the cognitive
and emotional dimensions of phishing risk
perception among academic staff, exploring
how their knowledge, experiences, and
feelings toward phishing shape their

awareness and preparedness.

With its wealth of personal and
institutional data, the academic sector has
become a prime target for such attacks
(Alharbi & Tassaddig, 2021; Broadhurst
et al., 2018; Kenneth et al., 2023). Studies
have shown that the success of phishing at-
tempts largely depends on the awareness
and preparedness of the potential victims,
particularly in environments like universities
where information exchange is frequent and

varied. Several studies have focused on the
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general awareness of phishing threats among
university staff and students. For instance,
Kenneth et al. (2023) investigated phishing, a
cyber-attack leveraging social engineering to
extract sensitive information or prompt clicks
on harmful links, often via emails or texts.
They utilize an email phishing technique, asking
respondents to change their email account
passwords, to assess college students’ awareness
of phishing attacks. The findings reveal that a
notable minority remains vulnerable to these
attacks, emphasizing the need for awareness
campaigns and education to mitigate social
engineering risks through phishing.

Broadhurst et al. (2018) evaluated
the susceptibility of 138 university students
to cybercrime through simulated phishing
emails, categorizing them into ‘Hunter’ and
‘Passive’ groups. Despite varying scam types,
factors like cybercrime awareness and IT
competence surprisingly did not correlate
with susceptibility. The study found tailored
emails more effective and international and
first-year students more vulnerable. The
findings, supported by Generalized Linear
Model analysis, emphasize the influence

of student status and study year on scam

Gender Age Faculty Working Period

M 41 1045 Science and Technology 6 to 10 years
M Above 50 Science and Technology 1 to S years
F 41 045 Science and Technology 6 to 10 years
M 41 1045 Science and Technology 6 to 10 years
F 4610 50 Science and Technology 6 to 10 years
M 36t0 40 Science and Technology 1 to 5 years
F 36 t0 40 Science and Technology 6 to 10 years
F 31t035 Science and Technology 1 to 5 years
M 31t035 Science and Technology 1 to 5 years
M 36 to 40 Science and Technology 6 to 10 years

vulnerability, offering directions for future
research.

In addition, Atharbi & Tassaddiq (2021)
examined cybersecurity awareness among
undergraduate students at Majmaah University
amid rising technological advancements and
associated cyber threats. Utilizing a scientific
questionnaire and statistical tests like ANOVA,
KMO, and Bartlett’s test, they assessed
students’ understanding of cybercrime and
protective measures. The study focused on
phishing, computer viruses, and other internet
threats. The findings highlighted the need for
enhanced education and awareness programs
for students to prevent data breaches and

digital misconduct.

2.2 Association Rule Mining in
Cybersecurity

Association Rule Mining (ARM) has
emerged as a powerful tool in cybersecurity,
particularly in identifying patterns and
predicting potential threats (Tripathi, Nigam,
& Edla, 2017). This data mining technique
uncovers interesting associations and correlation
relationships among large sets of data items
(Gu, 2023; Silva et al., 2019). In cybersecurity,

Hearing of Phishing Explaining Phishing Defining Phishing ,
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Figure 1. Sample data structure: 17 columns and 400 records from phishing awareness survey
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ARM has been employed to detect unusual
patterns that could signify security breaches,
including phishing attacks (Jeeva & Rajsingh,
2016). Studies utilizing ARM in cybersecurity
have demonstrated its efficacy in discerning
patterns that are not immediately obvious.
For instance, Lou et al. (2020) applied ARM
to detect anomalous behavior in network
traffic, successfully identifying potential
security threats. In addition, ARM is used to
detect unusual patterns that may indicate
fraudulent activities on websites (Tripathi,
Nigam, & Edla, 2017). Furthermore, Dam et al.
(2022) addressed the challenge of detecting
packer programs, crucial for cybersecurity
defenses, by employing associative classification
(AC) algorithms. This approach helps classify
packers without prior knowledge of feature
significance. The study explores and adapts
various AC algorithms to manage multiple
feature types, assessing their effectiveness in

evolving scenarios of packers and malware.

3. Materials and Methods

This section provides a comprehensive

overview of the approach.

3.1 Research Design

The study employed a quantitative
research approach to analyze the phishing
risk awareness levels among academic staff
at Thai universities. The primary objective
was to identify the factors influencing high
and low phishing awareness levels using

association rule mining. The data underwent

essential design and transformation procedures
to ensure its suitability for association rules
analysis. These processes involved converting
numerical values from rating scales into
a categorical format, which resulted in
a three-level degree classification: low,
moderate, and high. This transformation was
instrumental in facilitating the application
of association rules analysis, particularly in
managing Boolean and categorical data types.
The research was structured to collect a wide
range of data from participants, encompassing
both broad demographic information and
specific details regarding their experiences
with phishing, their attitudes toward it, and
their perceptions of phishing-related risks.

3.2 Data Collection

The study was conducted with a focus
on academic personnel from Thai universities,
involving a total of 400 participants. The
dataset, gathered in 2020, encompasses
a diverse group of individuals varying in
age, gender, academic discipline, and role
within the university. This diversity ensures a
comprehensive understanding of the phishing
risk awareness levels across different segments
of the academic staff. The questionnaire used
for data collection comprised 17 questions
designed to comprehensively assess various
aspects of phishing risk awareness among the

academic staff.

These questions can be categorized
into three groups based on their nature and

the type of responses they elicited:
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3.2.1 Demographic Information

Gender, age, faculty, and working
period are categorical questions that gather
basic demographic information about the
participants and provide context for the
analysis. It is important to note that the
questionnaire did not delve into details specific
to university departments. This broad approach
allowed for a more general understanding of
phishing awareness across various academic
roles rather than a detailed analysis of

department-specific trends.

3.2.2 Phishing Experience and
Attitudes

Hearing of phishing, explaining phishing,
defining phishing, being affected by phishing,
tackling phishing, experiencing phishing, and
observing phishing were structured to elicit
“Yes’” or ‘No’ responses. The focus was on the
participants’ direct and indirect experiences
with phishing and their understanding and

response capabilities.

3.2.3 Perceived Phishing Risk

Perceived phishing likelihood, perceived
phishing impact, and phishing awareness
were designed to assess the participants’
perceived likelihood of encountering phishing,
the perceived impact of such encounters,
and their overall awareness of phishing risks.
Responses were classified into three degrees:
low, medium, and high. Notably, the phishing
awareness degree was derived from a phishing
awareness test in the questionnaire, which

directly measures the participant’s knowledge

and awareness level. Figure 1 depicts a sample
of the data collection comprising 17 columns
and 400 records. Nevertheless, as indicated
in Figure 1, a discrepancy is observed in the
participants’ responses. Some participants
assert familiarity with the term ‘phishing’
yet cannot define it. Conversely, when
presented with multiple-choice options, they
can select the correct definition of phishing
from among ten possibilities. On the other
hand, a subset of participants claims to have
never encountered the term ‘phishing’, yet
paradoxically, they express confidence in their
ability to explain it. However, their responses
are incorrect when choosing the appropriate
definition from ten options. This inconsistency
highlights a potential gap in the participants’

understanding and recognition of phishing.

3.3 Research Tool and Ethics
Approval

The primary tool for data collection
was a structured questionnaire designed to
assess various aspects of phishing risk awareness.
Questions ranged from essential recognition of
phishing attempts to more complex scenarios
requiring the identification of subtle phishing
cues. The questionnaire was rigorously vetted
to ensure clarity, relevance, and unbiased
data collection. Before its deployment, the
research tool underwent a comprehensive
ethical evaluation by the Human and Animal
Research Ethics Committee. This full board
review, completed on May 10, 2019, emphasized
the ethical considerations crucial in research

involving human participants. The approval,
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valid through May 9, 2020, ensured that the
study adhered to the highest research ethics
standards, particularly regarding participant

consent, confidentiality, and data security.

3.4 Data Analysis

ARM was the primary data analysis
technique used in this study. ARM is a method
in data mining that identifies interesting
relationships, or associations, between variables
in large datasets. In the analysis context of
this research, ARM was employed to discover
patterns in responses that could indicate
varying levels of phishing risk awareness
among the academic staff. The process of ARM
involves three key steps: 1) data preparation
(cleaning and organizing the collected data to
ensure accuracy and compatibility with the
mining process); 2) rule generation (utilizing
algorithms to identify frequent itemsets and
generate association rules from the data); and
3) rule evaluation (assessing the generated
rules to identify the most significant and
relevant ones, based on measures like

support, confidence, and lift).

The support for each itemset to
determine its frequency in the dataset was
calculated to identify meaningful association
rules. The formula used for calculating
support is Support(X)= Number of transactions
containing X/Total number of transactions.
The support of an itemset X in the transaction
dataset T is defined as the proportion of
transactions in the dataset that contains the

itemset. We then assessed the confidence

of each rule to understand the conditional
probability of occurrence. The confidence
formula applied was Confidence(X=Y) =
Support(XUY)/Support(X). Confidence of a rule
X=Y is defined as the likelihood of finding
the itemset Y in transactions because these

transactions also contain the itemset X.

Finally, the lift of each rule was
computed to measure its effectiveness
compared to the baseline probability. The lift
is calculated using the formula Lift(X=Y) =
Confidence(X=Y)/Support(Y). Lift is a measure
of the performance of a rule. It compares the
rule’s confidence with the expected confidence,
assuming that the itemsets X and Y are
independent. A lift value of 1 indicates the
independence of variables X and Y, signifying
no association between them. A lift greater
than 1 suggests a positive correlation, indicating
that the occurrence of X will likely increase
the likelihood of Y’s occurrence. Conversely,
a lift value less than 1 denotes a negative
correlation, implying that the presence of
X is likely to decrease the likelihood of Y’s
occurrence. The data analysis was conducted
using RStudio, employing essential packages
like ggplot2 for visualization, tidyverse for
data manipulation, arules for association
rule mining, and arulesViz for visualizing
the association rules. These tools were
instrumental in processing the varied nature
of the responses, from categorical and boolean
data to the more complex classifications of

phishing risk perception.
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4. Experimental Results

The application of association rule
mining to the dataset revealed several
significant patterns and associations related to
phishing risk awareness among the academic
staff. These findings provide insights into the
levels of awareness and the factors influencing
them. In applying association rule mining
to identify the factors influencing ‘phishing
awareness = high’ and ‘phishing awareness =
low’, a critical adjustment was made in the
analysis. For each set of generated association
rules targeting either high or low phishing
awareness, the rule about the target awareness
level itself was excluded. This means that each
category’s total count of relevant association
rules was reduced by one. This adjustment
was critical for ensuring that the analysis
accurately reflected the actual influences
of phishing awareness levels, excluding the
target condition itself. The association rule
mining procedure was implemented using
distinct parameters: a support threshold of
0.033 and a confidence level of 0.85 for high
phishing awareness and a support threshold
of 0.030 with the same confidence level
for low phishing awareness. The rationale
for setting higher support for the former
was the greater volume of sampling data
available for this group. These parameters
were selected to guarantee that the derived
rules were statistically significant and pertinent

to the research objectives.

The analysis was further explored

through visualizations created using ggplot 2.

Graphs and charts illustrated the distribution
of awareness levels and the correlations found
in the ARM analysis. The comparative analysis
with existing literature indicated that these
patterns are consistent with global trends in
phishing risk awareness. They also highlight
unique aspects specific to the academic

environment in Thailand.

4.1 Association Rules for High
Phishing Awareness

Table 1 represents a collection of
pivotal association rules extracted through
data analysis to explore determinants
contributing to high awareness of phishing
threats. Each rule within the table is
articulated through various attributes
and quantified by three metrics: support,
confidence, and lift. These rules encapsulate
a diverse array of demographic and behavioral
factors. For instance, the rule combining a low
perceived frequency of observing phishing and
a high perceived impact of phishing illustrates
a robust correlation with elevated phishing
awareness, evidenced by a support of 0.035,
confidence of 0.93, and a lift of 2.4. Additionally,
the data reveal that males possessing
moderate perceived internet skills coupled
with a high perceived impact of phishing are
more likely to demonstrate high awareness
of phishing risks, as indicated by a support
of 0.045, confidence of 0.86, and lift of 2.2.
Moreover, faculty members in the fields of
Science and Technology, who have high
perceived internet skills and phishing

monitoring abilities, along with a high perceived
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impact of phishing, show a strong association
with high phishing awareness, reflected by
a support of 0.040, confidence of 0.89, and
a lift of 2.3. These findings underscore the
multifaceted influences on phishing awareness
and highlight the importance of considering a
range of factors when designing interventions
to enhance cybersecurity awareness. Table 1
illustrates the nine critical association rules

contributing to high phishing awareness levels.

Additional rules presented in the
analysis delve into the impacts of age, gender,
working period, and direct experiences with
phishing, such as hearing about or being
personally affected by phishing incidents.

Each rule delineated in the study illustrates

the intricate factors influencing phishing
awareness, emphasizing cybersecurity
education’s complex and layered aspects and
the implications for policy within academic
environments. These insights are crucial for
developing targeted interventions and tailored
training programs to enhance phishing
awareness among university staff. Furthermore,
these strategies could be adapted to benefit
other vulnerable groups within the academic
community, thereby broadening the scope
of impact and reinforcing overall cybersecurity
resilience. Figure 2 displays nine association
rules specifically formulated to demonstrate
their correlations with high phishing

awareness.

Table 1.  Nine principal association rules contributing to high phishing awareness
Association Rules Supp Conf Lift
Explaining Phishing, Perceived Phishing Observation Frequency=Low,
. I ) 0.035 0.93 24
Perceived Phishing Impact=High
Gender=M, Perceived Intermet Skills=Moderate, Perceived Phishing Impact=High ~ 0.045 0.86 22
Faculty=Science and Technology, Perceived Internet Skills=High, Perceived 0,040 0.89 93
Phishing Monitoring Ability=High, Perceived Phishing Impact=High ' ’ '
Age=36 to 40, Working Period=6 to 10 years, Hearing of Phishing, Perceived
- o - . 0.035 0.88 2.3
Phishing Monitoring Ability=High
Working Period=6 to 10 years, Hearing of Phishing, Perceived Phishing
o . ) ) L i 0.040 0.89 23
Monitoring Ability=High, Perceived Phishing Impact=High
Gender=M, Working Period=6 to 10 years, Hearing of Phishing, Perceived
o , 0.035  0.88 2.3
Phishing Impact=High
Working Period=6 to 10 years, Hearing of Phishing, Tackling Phishing,
. . ) 0.035 0.93 2.3
Perceived Phishing Impact=High
Gender=M, Affected by Phishing, Perceived Internet Skills=Moderate,
. - ) 0.035 0.93 2.4
Perceived Phishing Impact=High
Gender=M, Observing Phishing, Perceived Internet Skills=Moderate, Perceived
0.040 0.89 2.4

Phishing Impact=High
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Internet Skills=High
Explaining Phishing
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Figure 2. Nine Association Rules Linked to
High Phishing Awareness

4.2 Association Rules for Low
Phishing Awareness

Table 2 presents a series of associa-
tion rules to pinpoint determinants associated
with low phishing awareness, where lift values
significantly exceeding 1 indicate a robust
association. The results from the specific
rules elucidated in this table reveal intriguing
insights. For instance, individuals may be able
to define phishing conceptually yet not regard
it as a considerable threat, as indicated by a
support of 0.030, a confidence of 0.86, and a
lift of 7.5. Furthermore, possessing moderate
perceived internet skills does not necessarily
align with heightened awareness or concern
regarding phishing risks, supported by a lift

of 7.6. Additionally, the association between

Table 2.

Defining Phishing Jift

IYG
75

75

Perceived Phishing Monitoring Ability=Moderate support

Perceived Phishing Impact=Low Affected by Phishing .« 0030
Phishing Awareness=Low ® 0031

® o002

@® o033

@ oo

Perceived Internet Skills=Moderate Observing Phishing

@ oo

Figure 3. Four Association Rules Correlated
with Low Phishing Awareness

moderate perceived phishing monitoring ability
and moderate internet skills further substanti-
ates the correlation with low awareness of
phishing’s impact, demonstrated by a support
of 0.032 and a confidence of 0.87. Notably,
individuals who have been affected by phish-
ing and who observe phishing activities may
still perceive the impact of phishing as low,
suggesting a potential disconnection between
personal experiences and risk awareness, with
a support of 0.030, a confidence of 0.86, and
a lift of 7.5. These findings highlight phishing
awareness’s complexity and the need for
targeted educational approaches to bridge the
gap between knowledge and perceived threat
levels. Table 2 represents the four essential
association rules significantly influencing low

phishing awareness levels.

Four crucial association rules contributing to low phishing awareness levels

Association Rules

Supp Conf Lift

Defining Phishing, Perceived Phishing Impact=Low

0.030  0.86 7.5

Perceived Internet Skills=Moderate, Perceived Phishing Impact=Low

0.035 0.88 7.6

Perceived Internet Skills=Moderate, Perceived Phishing Monitoring Ability=Moderate,

Perceived Phishing Impact=Low

0.032  0.87 7.5

Affected by Phishing, Observing Phishing, Perceived Phishing Impact=Low

0.030  0.86 75
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These association rules highlight criti-
cal areas of concern in phishing awareness
among university staff. Notably, these findings
emphasize the complexity of phishing aware-
ness and suggest that mere exposure to or
understanding of phishing does not neces-
sarily translate into a heightened perception
of its risks. This table highlights the need for
more in-depth and perhaps personalized
educational strategies to enhance phishing
awareness effectively, particularly among
those who might underestimate its potential
impact despite having some direct or indirect
exposure. Figure 3 presents four association
rules specifically established to reveal their

correlations with low phishing awareness.

5. Discussion

Phishing attacks often target a broad
range of individuals, regardless of their specific
field of expertise. Awareness and vulner-
ability to these threats might be similarly
universal across different faculties. In this
case, if awareness training and cybersecurity
policies are uniformly implemented across the
university, irrespective of faculty, this could
lead to a leveling effect where faculty affili-
ation becomes less relevant in determining
awareness levels. This finding has important
implications for developing phishing awareness
programs in academic institutions. It suggests
that efforts to enhance phishing awareness
could be designed and implemented at the
university-wide level rather than tailoring them
to specific faculties. Several researchers also
supported this view (Alabdan, 2020; Hillman,

Harel, & Toch, 2023) and have argued that
phishing tests and training can help immunize
employees against phishing attacks and reduce
undesirable online behaviors. This assertion is
substantiated by Kenneth et al. (2023), who
note that numerous respondents susceptible
to social engineering through phishing emails
advocate for implementing indoctrination and

awareness campaigns targeting students.

5.1 Study Limitations and Future
Research

The study focused exclusively on
academic staff in Thai universities, which
may limit the generalizability of the findings
to other demographic groups or geographi-
cal locations. Different cultural, educational,
or technological environments might yield
varying results. In addition, the reliance on
self-reported data in the questionnaire raises
the possibility of response biases. Participants
might have overestimated or underestimated
their awareness of phishing risks, impacting

the accuracy of the findings.

In addition, the data was collected in
a single year (2020), which does not account
for potential changes in phishing tactics or
awareness over time. Cyber threats evolve
rapidly, as do awareness levels and behaviors
in response to them. Besides, some questionnaire
items, particularly those with boolean
(yes/no) responses, may oversimplify the
complex nature of phishing awareness.
Nuanced understandings or partial awareness

might not have been adequately captured.



Utilizing Association Rule Mining to Understand Phishing Risk Awareness...
Pita Jarupunphol, Wipawan Buathong

386

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

5.2 Recommendations for Future
Research

Future studies could expand the
demographic scope to include a broader range
of educational institutions, both within and
outside Thailand, to test the applicability of
these findings in different contexts. Besides,
conducting longitudinal studies over several
years would provide insights into how phishing
awareness evolves and responds to changing
cyber threat landscapes and awareness
initiatives. Moreover, incorporating qualitative
research methods, such as interviews or
focus groups, could provide deeper insights
into the reasons behind certain awareness
levels and the effectiveness of different
training approaches. Primarily, investigating
the effectiveness of different phishing
awareness and training programs would
be valuable. This could involve assessing
changes in awareness and behavior before and

after such interventions.

6. Conclusion

The analysis conducted in this study
reveals a nuanced understanding of the
factors influencing phishing awareness among
Thai university staff. Through the application
of association rule mining, several key
variables have been identified that significantly
affect the levels of phishing awareness. These
include demographic characteristics such
as age and gender, behavioral factors like
perceived internet skills, and direct experiences
with phishing activities. The findings indicate

that individuals who can conceptually define
phishing may not necessarily perceive it as
a significant threat. This suggests a disconnect
between theoretical knowledge and perceived
risk. Moreover, it was found that individuals
with moderate perceived internet skills do
not consistently demonstrate a heightened
awareness or concern about phishing threats,
highlighting a gap in the effectiveness of general
internet skill levels to foster an understanding

of cybersecurity risks.

Additionally, the study uncovered
that direct experiences with phishing, such
as being affected by or observing phishing
attempts, do not always correlate with a high
awareness of the impact of such threats. This
counterintuitive result points to the need for
more comprehensive education and training
that increases awareness and enhances
the understanding of the consequences of
phishing. These findings have significant
implications for cybersecurity policy and
education within academic settings. They
underscore the necessity for targeted
educational interventions tailored to the
specific needs and experiences of different
groups within the university staff. By addressing
the multifaceted nature of phishing
awareness through customized training
programs, institutions can better prepare
their personnel to recognize and respond to
phishing threats effectively, thereby enhancing

the organization’s overall cybersecurity posture.

In conclusion, the study demonstrates

the value of ARM in understanding complex
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behavioral patterns in cybersecurity contexts.
The insights gained are crucial for enhancing
phishing awareness among academic staff and
as a foundational step toward strengthening
educational institutions’ cybersecurity posture.
As cyber threats evolve, continuous research
and adaptive strategies will be key in
safeguarding sensitive information and
maintaining the integrity of academic

environments.
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Abstract: Approximate string matching is a fundamental technique in data retrieval that
allows for typo errors or misspellings. It is widely applied in databases, search engines, and
various applications or online services. To enhance the speed and accuracy of data retrieval,
the development of new algorithms remains a significant challenge in computer science
research. This paper introduces a novel data structure for approximate search, called the Single
Inverted List, which supports a configurable level of error tolerance. Based on this structure,
a new approximate string matching algorithm is developed. Theoretical analysis shows that
the proposed structure can be constructed with time complexity proportional to the length
of the pattern string and requires storage space equal to the sum of the pattern length and
the number of distinct characters. The proposed algorithm achieves search performance with
time complexity proportional to the product of the text length and the pattern length, while
also supporting error-tolerant matching. Experimental results demonstrate that the proposed
structure consumes the least memory compared to well-known existing algorithms, and the
developed algorithm performs approximate searches efficiently, nearly as fast as the fastest

existing methods, while maintaining linear-time performance.
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<3:0>

<4:0>

N [Z (0o |n M

<5:1>

NA597 1 aBuwlean shassuwuy
CCOMZ @8nusziReniiumnglusnuszuuuie
C, O, M uag Z e‘i"iqgﬂﬂmw”uawﬁa:tumiw
Fuanduneduiusn X arntuinnsandiums
fusnguessnususiazsiiunnglusnussuuy
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fanan agwundn Snase C Usingiidumie
1 uay 2 da O Usinglusumisit 3 Shusem
Usinglusuiadt 4 uay Z Usinglusumisd
5 W1sananIuznIslusnusEilgavneves
gnvszhuunseliagnudl C O waz M laily
8nvsrgainevesdnuTEiuuIIvURanIuY
70 0 udt Z HudnuseanThevesdnussuuuil
Fatmuaaniundu 1 Sheseiamuniagnien
Tusduuy Snvsuideriusingludnuszuvy:
<Aumisiiusnganusdufaainevesdnusy
wuuvisely (0=luld/1=19)> Fawansluniss
AanaITesiu

2.2 A1919N1518% (Hashing Table)

#aNNI5LEY (Hashing Principle) 50
ATNNTUEY AenaNNTES LAz RRNLUULATIES
Foyadaiiulugunuumsaitoatiuayunsium
waziiedeyalulassaisemanududeu O(1)
seRUsEnoUTemENNSY 1 2 dufonisadng
HINTuAd 1Sendnuguilentu (Hash Function)
wazaafiudeya (Bucket of Data) lavfina
NsveAAIEMSUAUM (Data Search) 11
snAuInsEuLeilenty avlanadnsidusumls
oI 1sdmiudoya wanuuiRnveslaseasng
f9nanT AenwUsEnau 1

HashFuction
(Key)

\\

Bucket of Data

Data 1

Data 2

AMNUIZNBU 1 LUIARNITATIIRNITINNITULEY

Data
Search

¥
v A

WU

Y

WU

PnnuAaluNUTENBY 1 9117
LAULAUDFURUUTBINITUANITIENITHN
(uansluiite 2.1) lagld Character (W)
flerunsuey o densemsusrludiuues
Bucket of Data lunnusynauninay I@ﬂﬁ W,
Aodnusziaiunnglusnusziuy p lag wnde
msiinfsteyauarnsiisuiiivussnuseiie
il UAATITYINTAUNU WERIFIDE19N15E519
MITNNNTLIVVDITIBANTHARL p = CCOMZ

U5ENaUNISNDe89aad T 90 1ndsenau 2

[

Wy

NWIANNITASIAISINTHETWUUT
fusrensuniunladauslunal vilianuise
WhdslayaraiUSeuiisulutuneuisnishum
aunsavnlameaianudutou O1) Ingldila?
v 2 & = P N ¢ °
Fauiundu O(n) Feaslauansnsiigariuaziniaue
Tugausald

NLUIAARINGT Khancome &
Boonjing (2010) dlusenuuutunewianis
Wigueluunsany (Exact String Matching
Algorithms) §113u 2 Tuneuds vhaudeay
Fudeutuneuiauuy Prefix Approach Auwm
Yaya O(mn) fudumeuds suffix Approach
Fumdeyasennududeu O(n/m) tasduney
Senaeddlasedensunduiiadauha
meaaudugou newamulusinsueuiieu

T=-CCOMZABCDCOMZ

Hash Function Bucket of Data

VL

Data Search ‘C’ ﬁcharacter(c)\
>C

<1:0>,<2:0>

<3:0>

<4:0>

<5:1>

Result: <1:0>, <2:0>

MWUTENBU 2 WWIAANITATINANTINITUEY
dmsunsilIeuguuulszanm
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fudumeuiBnsisuguuunsstuionue gy
Boyer-Moor(BM), KMP(Knuth-Morris-Pratt) way
BruceForce(BF) dslalanansnsasumsAumuuy
Ussanausaniselmidle

Fay uaTelwldvudnnnssnann
A39NINNTLERAUTIBNINR LR INETT Lo
5995UNSAUNIUTIUTB ULUUUTE L EUNT D
ougwliiaanufianataluntsdumld dai
ilelnnseonuuunaziirfeteyaniuniiig
laazainsimsiwaziusednsnindseanuuu
AT NAINAMIAIYAITNNITUEY AR1EAUITUITY
Khancome & Boonjing (2010) tan1zu9dIu
Y99M1519518NTRATUVINTY udmnTuneu
Fihauedutuneudzlmiflddmsunsiie
AfumuuuUsTInafioygelvssysasRanann
16 wazldnpasaUIoudisuiuduneuidig
Fodosvesnguaideiifedosiuiliviny

3. AeNIANLUNTIY
3.1 Junaunsainelaseaiiedoya

Wessu Mmuuali p Aoanesnuszan
Cp Cpvr € edn el ¥ e Y Aowwnves
snvsenusnglu p

o w [ A

TN 1 AEAYVDIONYTEUUY A

o

C3|0 y ooy

p Uszneusierddy w, , w, , W

w_ e w, e w, lag A c laed kAo
om,l ) k,0 k1 k \

suvsusingeglu p ; 0 ve 1 feanueiissy

nsusnuszgaineves ¢ Tu p dlallddnase

dnvneszy 0 wioszy 1 winilushuszgaiing

alv[) 63‘0 ol

$08199 1 LAAIAEIARUDISNVTZUUY
= b,
=z @guduluguuuudnddy

p=aabcz Fsazld w, =a, w, =a, w,
1,0 2,0

€30

W, =Cuaz w,

omatl

@ =a a

c z
1,0 20 30 40 51

YgU9 2 519NSHARY L 989 @ +hn
Nnddarw, e w, a9 eglu @ 1
£,0 £,1 Y )

al G =
Weulugduuy w, <e:0> niie<e:1> 39

L,=w,<1:0> w, <2:0> ,
w,<3:0>,.,w <m:1> (2)

A2981991 2 LEAASTIENISHARUVBIDNUTY
WUU p=aabcz leigadl

L, =2a<1:0>, a:<2:0>, b:<3:0>, c:<4:0>,

z:<5:1>

dowi 3 9ndew 2 1% 1, uny
<i:0>uway I, unu <i:1> 903 w, 109
platiu

w, 1, e w, [, (3)

Feu? 4 MITNTWASHNAY T ADAIT
MswevUsznoue 2 AedwtiAe w, way 1,
/1, (@)

A206199 3 LAAIAISINSIEATHARY 7
YIONVTEUUU p=aabcz
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M1919 2

AITNIIENNNUYDITNVILUUY p = aabcz

Character (w,)

Inverted Lists (1% /1/11 )

<1:0>,<2:0>

<3:0>

<4:0>

<5:1>

Algorithm 1: Inverted-List Table (p =

Cpp Cpy Cpyeuey C,)

Create table for all alphabet over
J=1
While (j <m) Do

Jejtl

1
2
3:
4.
5
6 End of While

Create inverted list of char (C/.) and add to at suitable field I% or 1,11

nauwiun 1 maifeseniswndu 1,
vse 1, Tu ¢ fmnududeuduna O1)

gl
a6 v ] o ]

Wy fie Aduintis 1, waz w, Ao Adide 1,

ety Msiindnnsnisuey ¢ aauaudAves

W%)

1 mvum f(x) Wuilandunisuees; i

AN519N1THEY YA NSLUDe 1, nf(
3o 1, 91 flw, ) fanududeu O1) #

nalnmsvheuwetuneuds Buanad
1579 7 Wi s0ATauUARUNITUIIIBNTTEYNG?
figldau (3) aneusnuseiiazsnuszanndnuse
WUUESY SI9NISHNRU I, ie I, UITAN

lu 7 aupsUNNdnUsY mumammamlmu

nTumeuIaly Algorithm 1 wui
fianugudousuianie O(m) figauldnamgug
un 2 arsdudeusuideriiu o(1) Wesanld
A319N1sHes audeny ¢ ARsIuIuwaIWingy
3 Wiy

NQUIUN 2 dn3eUNTNITUTELIANG
dieadnamseemsndudmivnmadiouglay
Uszanadldiam om) deidedt O |Z| +m)

a =

‘Wgc’\lﬁ 910 Algorithm 1 % p=c, C,
Cpa €, Fa feuens m ussvind 1 N385
ANTINBLAUTIENSHNETULAY USTVIAT 2 fnvue
FauUsisudu savidennududeudiasi O(1)
au While agauiiuduiusnussiuy fie m
50U Ferududousiniu O(m) ussiindt 4 wh
famsaiienisifiusentsuniy Jadndesenis
NNEufe O(1) Mamauiun 1 vaueusving

i O(1) By m asanglugy While

ity puduteusiunandmiuadng
FIUNSHAELUTIIAS I% uag I, mmm‘u O(m)
awﬁummswaaumwmammam 2 Aoaul
3 luwariiseniswnfuiiadsduiansiiu
m 518m5 Feildanududeuduieiine

ol S | +mu
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3.2 JUABUISTNITAUNLUUUTZU0

LﬁaﬁauﬁﬁwLauadauﬁwﬁmdauﬂmiw
FuneuiBmaisuduuuissnuiiasedudndy
ABIUAAINITNEIUUNUNTN warfuuadenud
RAeadeuiielinisesuietuneuisuaziodis
nsaumldegensyananndety dil

UNUNSA 1 AUl IVL Aon13519n73
Laeios il w, Wwag w, \uAddnte 1, uas
I, Femsidnds 1, waz I, Tu VL seileridu
flw, ) vise flw, ) ianududeu O1)

a L4

figawl fvun VL Wuansiesnisues Tu
Ueun 4 uazvgufun 1 Gl w, uay w,

v '
[ YY)

aetuagld f(w, ) wag flw, ) uiewdnds 1, uay
1, shomadudou O(1) mumquiiun 1 #

UNUNTA 2 MFUTIWNWARUIIN 7 7
PIAUTIBNTNNEY text[N] ag IVL Ta9) 1A
Fugou O(1)

I~ (%

gl Amuali text[N] Ao nvsyan
Tonnu T iudantuluddld w, waw w,
pos., pos ,

faty Weowds 1,  uwas 1, lu
pos.0 pos. 1
M5 7 Fdldaududou O(1) mungufun 1
wazi 1, way I, a3Vl she O(1) Ay
pos,0 pos. 1

unuwnsn 1 #

g9l 5 Asaduns (operate) Ao
nsmAusolilewss 1,  uay/vmie

: 41,0 1,1

Tu VL1 dewlosluds 1, uaz/vie 1,
€2,0 \ , £2,1
Tu IVL2 Tagiiansansunids £2 ifeLilasuain
= v o a I3 =
¢l Feagldnanisandunisdu 1, |, HaE/n3e

Ilbsz,l

Algorithm 2: Inverted-List-Approximate-Search p = ¢, €, €y wees €,, T=1, 1, .. s £, d

Preprocessing:
Create Inverted-List-Table (p)
Searching:

1:  N=1, SearchWindow=1, pos=1, VL1=¢, VL2= @, f=0

in 7 to VL1

Analyze continuity of IVL1 and IVL2 and keep it into IVL1 set f=f+1 if non-continuity

2: While (N<=n-d) Do

3: Store all member of row(text[N]) Ilmo / ]lm1

4. While (f<d and pos<=m)

5: If VL1 =@ and f<=d

6: VL1 = <pos:0> if pos<m or IVL1=<pos:1> if pos=m

T N=N+1, pos=pos+1

8: Else

9: Keep only <pos:0> in IVL1

10: N=N+1, pos=pos+1

11: Store all member of row(text[N]) ]AMO / I}me'l in T to VL2
12:

13: Report result of matching if IVL1 exist <pos:1> and pos=m

14: End of If

15: Report result of matching if IVL1 exist <pos:1> and pos=m or f<=d and pos=m
16: End of While

17: SearchWindow=SearchWindow+1

18: N=SearchWindow, pos=1

19: End of While
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M1919 3

FIENTNNARY T VDIBNVIBHUY p=

aabcz

Character (W)

Inverted Lists (1/10 /I/II )

<1:0>,<2:0>

<3:0>

<4:0>

<5:1>

Fraenedl 5 ddmualel IVL1={<2:0>}
waE IVL2={<1:0>,<3:05} MsauaeLiedan
funusdt 2 T 3 aglen <3:0> sailesnan
<2:0> wagflsreniswnduludde <1:0> Jeazle
VL1 ={<1:0>,<3:0>} \Jusu

UNWNSN 3 ANSAHUNITIENING VLT
way IVL2 Toanududau O(1)

g fAvualy IVLL uag VL2 fe IVL
muununsn 1laed VLT ussy 1, | waz/vse
I, ,NVL2ussq I, waz/vise 1, nskdn

el 1 2,0 £2,1
awwen [, I, LT, ues Iﬂlﬁ,] 13y
Wiaudmnsunisaiiunis enutienud 5 9gld 0(1)
Julusmuununsn 14

AMILYBItuRoY L'%'umsmﬁawj
NFILINVDINIAG (Search Window) LAu
somsanitu 1, Tilu Vi1 Taelsdouds Ny
FeumisiidasnisiUleuiiou Juneusiely
gunaziUseugsnvseluteninuaindreluvn
fazdnusy Tausaradmoimaioug 1938
HaanWsUeIseNSNARULITY IVLL way IVL2 Ua7
sensfusinauaseLieazia
naiUSeugdusaluntou fu uansunouds
#1 Algorithm 2 dwifusranuiiawainfieyan
Tin1swieugldasaiuld dvuelndudn d
yonantufifulsivavie f Ao mansinds
yosmsianaaislovhnsiUSeugusagnteg

AMUUT pos ABFLMINTIENSHARUNADINITUIN
\Wigug TumewisnmsrunIeuguuuysyinm
ANAUITU Lan9Rs Algorithm 2

fnaE199l 6 LARINITAURILUUUIZU
fe Algorithm 2 e T = axbczaabczaabmk
WA p=aabcz NMuuUAAI d = 2

PUIRNNAUNN 1 : SearchWindow = 1

axbczj@abczaabmk

p=laabcz

VL1 = <1:0>,<2:0>, N=1, {idoya text[N]
foalu 7, N=N+1, f=0, pos=1

T=laxbczaabczaabmk
p=R@aabcz
VL1 = <1:0>,<2:0>, IVL2=<> N=2,

pos=2 lanutayared text[N] Ao x A1vun
f=f+1=1 FauansinUiougdnuszlinssdiu us
A1 f<= d FeanunsaFeugsielululanuman
yostuneuds 1fiud1 arusaidlesvesdnusy
90 VL1 = <1:0>, pos=1 Wasuluidu 2 1§
Tneliuan IVL1= <pos:0>=<2:0> kdhumsely

axbczZlaabczaabmk

= aabcz
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VL1 = <2:0>, IVL2=<3:0> N=3, pos=3
WuLaYaves text[N] Ao b fiwiun f= 1 3iA5189
AuRBLlDg VL1 = <2:0>, IVL2=<3:0> LAUNa
1lu VL1 = =<3:0> BauansinSougsnusenss
iU Wi pos<=m waAummekl

T=laxb czzaabczaabmk

p=laabcZ

VL1 = <3:0>, IVL2=<4:0> N=4, pos=4
Wutoyavas text[N] Ao ¢ ivun f= 1 iA1e9
AURBLIDT VL1 = <3:0>, IVL2=<4:0> LAUna
Wy VL1 = =<4:0> FsuansiwUSougsnuse
AU WA pos<=m uarAusaell

T=faxbczaabczaabmk

p=laabcz

VL1 = <4:0>, IVL2=<5:1> N=5, pos=5
Wutoyavas text[N] Ao z iviun f= 1 JiAs1en
Aumelled VL = <4:05, IVL2=<5:1> Aas1zet
Mssugdnussiuudian Mumiwes textN]
Ao z MIUANUAANANR A 1 ALNUISNYTY
\Jugiu pos=5 Fawiiu m aumisnedumi 1
Beunthemafum

PUIRNAUNN 2 : SearchWindow = 2

T=axbczaabczaabmk

p= @abcZ

VL1 = <>, N=1, lsififeya text[2] Ao x
Tu 7, N=N+1, f=1, pos=1 usiu IVL1=<1:0>
ANTUADUID

T=axbczaabczaabmk

p= l@aabcz

VL1 = <1:0>, IVL2=<> N=2, pos=2
Linudayaves text[N] fio b viun f=f+1=2
i f<= d eanansaiUeugeslulaniumen
YoetunEUIE 1HuA1 AuseLieessnusy
90 VL1 = <2:0>, pos=1 Wasuluidu 2 1¢f
1LAUAT IVL1= <pos:0>=<2:0> udAumsly

T=axbczaabczaabmk

p= l@aabcz

VL1 = <2:0>, IVL2=<4:0> N=3, pos=3
wudeyasieiloaues textN] fio ¢ A f= 3
AnmeimuseieuazmsiUioug a f>d uans
ImaiSeugliduia douduniheanisdum
Tyl SearchWindow 3 sialy

ANNSU MNANAUMIN 3-5 ALNANIS
= M 1o & w v a = |

Wigualidusadmieing 2 fie /1 f>d a5
AUBNASINVTANAUNNT 6 WANSAUAT f=0
Fadunseugdnsanuunsatunndisnase
UaNNUU TUNTNAAEAN 11 TueANTNsNg
7 7-10, 12 azUSauglidusaden f>d wans
PRI AUNUA L

T=laxbczaabcz@aabmk

p=laabcZz

cza ab

aabcZ

cza ab

aabmk
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nguiun 3 tuneuitniaisugany
snusThUUUsEIN Anududeausuiainsd
Wde O(m-kn) nsdiffian Okn) Lo k Ao
s lviRanaalun1sfumle m Ao
g19U0INYTLUUY n B AUYIIVDIUBAIY
Finanlddum

#igail Amum n AeANe1IVeITaAI
T & T=t L.t 8nvszhuuend m AMvuRa
k Aorflounwlvanaiald (uiidde d lu
Algorithm 2) fisananududeusuaneiune
nMugUINgUYRIMSUTEUgULagrTF1
(U While us3viafl 4-16) 9nifusduiedugy
meusniimuaumMsanaiielSeudiouluiiay
AVglogN

fisangy While melu (ussviadi 4-16)

oguYBINsIUSsULiBUsBALEIINNTIR
o m A%t Wisuilsutiosfianviiiu m-d

Fafo (mk) ey Tuvniluutasussiaes
n1sandunsisneaiududen O(1) a1y
UM 1, 2 uag 3

A
A

dmiugy While uanga wviaunn
fian n ads videtlonilanfe n(d+1) afuviy
stumnfiansandidumnuiioisuiiioy
N (10ae) aiify (m-d)xn vidensdl
ffoufigauasnisnim A (m-d)x n-(d+1) 3sla)
Pnmavinuesdunsdla Aaziluganududeu
Ol(m-kn) #

e

Qe

nydlfifanvosnsfumazidunsd
Adeudiouiilinsstusesiuiunsmesnis
auiinsaalinudl Wisudleuwiiu d adily
wsazntiieng Jedem k V‘iﬂﬁmm%’wﬁ’auﬁﬁq@
A O(kn)#

4. NAN1INAADI

nsnaaesimuIlusunsunsIeUe
wuuUszanu felusunsunIwaa (dk 21),
Netbeans 20 nnaesflsLA3oinouRNADS
Dell Vostro 5400, Windows 10 Pro, Intel(R)
Core(TM) i7-7700HQ RAM 16.0 GB lagsimin
Tusunsulassadetoyauazdunerisfioonuuy
vl fvunldde IVLApproximate wdsaniay
ﬁ'ﬂlﬂ3Lmiuﬁﬁwmﬁw@aaﬂmamé’i’m’fagaﬁgq
Foyaflusunsuronfnesduiuuardoyasse
1935 WIBURUTuReuAsTITiuE AvEam
fiflunriow I6ud Levenshtein (310 https://www.
baeldung.com/java-levenshtein-distance),
Neesleman (210 https://github.com/Aqcurate/
Needleman-Wunsch/blob/master/Needle-

manWunsch

Java), SmithWaterman (310 https://
github.com/JayakrishnaThota/Sequence-
Alignment/blob/master/SmithWaterman.java)
naaedly 4 Uspii il

WeulUsunsuguimidnusskuumenI
17529379 5-50 Sn95e wazTanhenusiild
sEaUszinanaiie s SudmsunIsAum
uanananmusEnau 3 (Ialumiewnglud)

NAMNUTTNBY 3 LAAS LA
N15a519lATIASNE NS UTANITONUTLUUUYDY
VLApproximate dadulaswasrdluanuiseifld
doflunsadasiian Tnedudaduegliiu
2 MB lumheanusvasiitunouiaigm
Wisuidieusadugeddideiivieanusunnni
faanslunnysznau 3 Aanan
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140
120 /‘
100 /
80
60 /
20
——DOA R
0 =
5 10 15 20 25 30 35 40 45 50
——Levenshtein 1.7 25 10.9 3.8 18.1 | 354 47 12.6 | 149 | 1226
~———Needleman 8.5 10 48 82 | 103 | 63 34 8.2 76 6.6
———SmithWaterman| 0.7 5.2 3.5 24 3.7 44 54 9.6 74 8.2
IVLApproximate | 0.5 13 1.2 11 33 3.1 18 19 15 2
mwusEnau 3 Wenidmsvaidasailoyadmiuaum
800000
700000 ‘\
600000 \
500000 .
\ —o—Levenshtein
400000 ——Needleman
\ —A—SmithWaterman
300000 ]
\ IVLApproximate
200000 - \
100000 k\\ \
0 T T T - T 7 T T e 7 T 1

AWUTENBU 4 uandnsNseunnlviiana1nle (Distance-ratio)
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nsguAdnvsEaTISsnguitaafia
Anuazfiunive) uazdeulusunsuifiewUsoy
FUtuneuRTiiUsEavEnmldun Levenshtein,
Neesleman waz SmithWaterman lngdudnuse
fieuenn 10 Fshus wasilouveaauiana
Inglvignsnisiuseualinssiu (Distance Ratio)
381319 0.1-1.0 UDIANNYNMTAUTE NAADY
LiagsIINSIIUIL 10 AYmdsantiumAnaas
lonanisnaanasanmusenay 4 ausaly
8m359n13 d (Mismatch) 521319 0.1 §3 1.0 L
Fsnsmidsgunmil mismatch

SlenSsuidisulasfinnsanainisoug e
TnAsnannlasening 0.1-1.0 fanmdszneu 4
wandlndiunduneuislnuiiiauslunude
i Aumssudisulaglonansninduneuis
Levenshtein Lag Neesleman LLGﬂ%L?ﬁWTUMW
Tnalfesuazannn9uneuds SmithWaterman

N13duANSNYIEAIMISINg UL
wnuagiusilug $1uau 1 dlalud waz@eu

TUsunsunageuiionvuasnuszuuuiiléain
N13guvedlUsuNINABNRIADS Lazdudns
n15UsEune (Distance Ration) lagdnainaiy
Y1INVTLUUU 5-50 fonws Weulusunsy
e3suiuduneudiiiussansamlaun
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=
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TnaAeakazuInNINTUnBUIs SmithWaterman

UU01a33991n wiludoyaase
(anage data.txt--—-vu1m 768 KB) w89 The
Human Ageing Genomic Resources (HAGR), 210
https://genomics.senescence.info/download.
htmUgeulusunsuguanvsziuuluniiunnan

60000000

50000000

40000000

m Levenshtein

m Needleman

30000000

m SmithWaterman

20000000

10000000

5 10 15 20 25

dabik |

30

IVLApproximate

35 40 45 50

mwusznau 5 Wisuanusinsrunidledennuuazdnussuuuduainlusunsuneufiames



Approximate String Matching Algorithm using Single Inverted Lists 402 MIETIesasaumesasvalulagUssynd, 7(2): 2568

Soontaree Thumsuwan, Nuanprang Sangurai, Chouvalit Khancome Journal of Applied Informatics and Technology, 7(2): 2025

6E+10 -

S5E+10

4E+10 -
m Levenshtein

3E+10 - m Needleman

[ | |
m SmithWaterman
2E+10 {7 IVLApproximate
1E+10
o #L______L
40 45 50

5 10 15 20 25 30 35

AMUsENaU 6 WisuausiNsiumaIndayaas
U84 The Human Ageing Genomic Resources (HAGR)

1.4E+10 -
1.2E+10 -
1E+10 -
® Levenshtein
8E+09 -
m Needleman
6E+09 - m SmithWaterman
IVLApproximate
4E+09 - l
o ll‘l.mt
0 .
5 10 15 20 25 30 35 40 45 50

aMUsznau 7 Wisumusinmsfumandeyaisivesiiiue




Approximate String Matching Algorithm using Single Inverted Lists
Soontaree Thumsuwan, Nuanprang Sangurai, Chouvalit Khancome

403

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

feATIEUANeY waziUSBuRUTuReIaT
TUseanSanlawn Levenshtein, Neesleman
way SmithWaterman NNSNARBILAAZIIUNTT
$1u 10 pfmdsandumeneds thundou
NAN1INABBIAININUTENBU 6

Und1deya DNA meuiludoyadse
(gbbct107.seg—vunAuatu 240,865 KB) U9
GenBank, National Center for Biotechnology
Information, National Library of Medicine,
970 http://biomirror.aarnet.edu.au/biomirror/
genbank/GBBCT107.SEQ Weulusunsuguonysy
LUUNLAUAINENIAIBAINYTILANAIIAU
wasUisuiutuneuiaiiiussansam laun
Levenshtein, Neesleman wag SmithWaterman
nsMAADIUAaTIIBNNSIILI 10 ASindsanntiy
WiAeay YU TEUNaNITNAAB IR
AMwUsEnau 7

PMNANUIZNBU 6-7 BUTUNANITVAGDY
Aumuteyaasefilfiunuiouiiou wu
wanstuneudslmifidauelusmudsed dum
Wieudeulagldnandninduneuds Levenshtein
way Neesleman ualdlianAumlndlAssuas
mﬂﬂfi’]%umau%% SmithWaterman G'Tiamsﬁ'mu
YosuneuIElul uegluszauamsIge
WUty Sunews SmithWaterman usteghsls
Aamuvnsinsusuulinau thagyilfananse
vauldsnsiniiuandsidfonaduld

5. AUS19NARATUDLEAUD LU
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acda o

FEinsatslaseadelinan om) ided le
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v dlothudeulsunsunnaeadislaseadig
wudldideiussglassadsluminsainus
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a v o o
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Abstract: According to data from the Bureau of Epidemiology, between January 1 and October
31, 2023, a total of 239,197 cases of pneumonia or lung inflammation were reported. Over
the past five years (2018-2022), the average number of cases was approximately 20,000 per
month, with a continuously increasing trend. Early detection and treatment of pneumonia
can significantly reduce mortality rates. This study proposes a classification model for
pneumonia based on chest X-ray images using Convolutional Neural Networks (CNNs),
specifically the VGG16 and VGG19 architectures, in conjunction with the transfer learning
technique. The Chest X-Ray Images (Pneumonia) dataset, consisting of 5,232 images (4,273
pneumonia cases and 1,583 normal cases), was used. Data augmentation techniques were
applied, and the dataset was divided into 70% training, 20% validation, and 10% testing sets.
The experiments were divided into two groups: Group 1 employed the VGG16 and VGG19
architectures, while Group 2 utilized these architectures with transfer learning and customized
Fully Connected (FC) layers. In Group 1, the VGG16 achieved an accuracy of 95.42% with a
loss value of 0.18, while VGG19 achieved an accuracy of 94.89% with a loss of 0.21. In Group
2, the best performance was achieved using the VGG16 architecture with customized fully
connected (FC) layers, consisting of nine layers with 2048, 1024, 512, 256, 128, 64, 32, 16, and
8 nodes, respectively. This configuration achieved the highest accuracy of 97.83% and the
lowest loss of 0.11. Compared to the VGG16, the model achieved a 2.41% improvement in
accuracy and a 0.07 reduction in loss. When compared to the unmodified VGG19, accuracy
improved by 2.94% and loss decreased by 0.10.

1. Ui (Introduction) fuultiugeunasniiai (Department of Disease
Control, 2023) N15MS3959NELLNBININY

TsalanunvsaUandntau (Pneumonia) s . v oo
15AUDAUINVDILNNTAIBN1TANLAINAI8 I

Lﬁ@ﬂﬂﬂﬂwsﬁmL%aﬁqqamNaa (Alveoli) ifhunnedi
Ainndelhauasuuaiize Wy WeliSalalsun
2019 (COVID-19) Turioaumelauasdnwaens
Sniauraslaninliiinnsazauostiinann
nanvogslunasnanmela eraviliinnig
szuumeladumauasdedislsnulsilulunn
439918 (Department of Disease Control, 2022)
waranunsalluusunalnglul 2566 Joyaan
A9ISTUININGINUT SemineTudl 1 unsiau - 31
ma1AN 2566 TEUeT U 239,197 918 Any
an51n15UaY 361.48 s18saUs¥Ins 100,000
518 uaglutag 5 Yiikuan (2561 - 2565) e
WAsiieuaz 20,000 578 LAY In 224 Auuae

150 (Chest X-Ray) fluszansamanndiuuas
Tutlgtumsianveaaliladfnmimihi
ansneusazdnuerlsmilesiuannedesng
selagliisn1svesnsuRImeTIeAL (Computer
Vision) ?éﬂLﬁuLLmuawﬁamaaﬂmmﬂizawi (A 7
fimududounaziinnusnsilumsusyanana
FelumadansviinuvesnsFousidedn (Deep
Learning) Simpafiansouuudianidus fianunsa
Yunldlunsieseiuagdauendeyaaingunm
warifeannniianlutlagtiudelassingysyanm
Wisnwuuaauligdu (Convolutional Neural
Networks: CNNs) 1Julassnglasuanudeu
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waziauanunsalunisananuanwzeiures
sUnmldegnaiuszavinmuardnianiseie
louAu3 (Transfer Learning) Humaaniad
IiumnufloaiieanailunisBouiveaeios
wazmnzdmiuteyaiiivualilnguin Tae
TAthnin (Weight) ﬁié’%’umiﬁauiﬁmmﬁw
wédldnu deflanumnzauiunsiuldony
Tugadoyafitivunalsilvgnnitu deyanienis
wndsiusinalaiwozann (Iman, Arabnia, &
Rasheed, 2023) Inauuushassiilasunnuionuh
ultlumsanelounnus 1 Xception, VGG16,
VGG19, ResNet, ResNetV2 Liusi lnsasieves
LuUTaes VGG16, VGG19 fidnvazimileuriu
Ll,azﬁmmLmﬂ@iwsl,u%y’usumLmuai’waaaﬁi%ﬁm%’u
miamﬂmaﬂwmymmawamm VGG16 2xiliin
16 Guu uay VGG19 ailifies 19 du fuandly
A 3 Tassairsvesuuudians ConvNet 3o
VGG16 uar VGG19 Tude D uay E

uneuisainavsuuusiastlunis
asramlsavanuInnIalsAlandnEUaINAINATN
WOnNGL5895299n370 Mendeley data (Kermany,
Zhang, & Goldbaum, 2018) Lﬁuﬁﬂ%}ay’amﬁ%
Amfeuluunaueneg wazgadoyadls

Aoy

wewnsuuiuled kaggle.com wmamaiﬂ%aﬂ
iluldulneedediouay 200 ass Tnelu
yadeyauszneulumenmdndisdvsseniissy
msulsalanuly (Pneumonia) ﬁgwm 5,232
A uusoendu ladulse (Normal) S1uau 1,583
A wagiivsueniliunfviedulsavenuiy
U 4,273 anazldinelinnisiasuteya
(Data Augmentation) tawzdeyaillaiiulse
devhlmadeyaiivintuiiaesdy Tngld
lasevngUszamitenwuunauligdulaun
ao1lnenssy VGG16, VGGL9 iteunld
swdumatianisatglouadnud lauuanis
veaeseanilu 2 ngu nauil 1 manaasslagld
anmmenssu VGG16, VGG19 Tneillaiinisusu
usidla ) uagngunsaaesd 2 fhandnenssu
VGG16, VGG19 FelgumuieunazUsyavianm
lusgdudug uldlagnisaelouninuiias
Usuusisludu Fully connected (FO) Tneth
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Node asiawe 4) $1urures Node windu 5)
91UUVDI Node @auiu (@99A1) 6) UIUVDY
Node wisazanliiivinfuain (Cherdsom &
Kanarkard, 2023) sakansbuninysenau 8

2. NpuuaziruIdenineaday
(Materials and Methods)

2.1 laseveUszanmiieuwuunau
I’Jgifu (Convolutional Neural
Networks: CNNs)

dulasstnglasuauieunaziiaiy
anunsnlunsainausnuazieureasUunnlaeg
fuszAnnm lassasrsusznaulude 3 du dud
1 ﬁi}'juﬂauhqéi'fu (Convolutional Layer) Dt
T miumsainandnuniziiuvestoya (Feature
Extraction) $ufl 2 ‘zq?uwva?ﬁlx‘i (Pooling Layer)
Hududmumsanuunnvestoyalagliivaia
fn99) laun mnﬁamﬁmmﬁqﬂ (Max pooling)
nsidentfesiian (Min Pooling) Mstdonnasiu
(Sum Pooling) waznsidenAade (Average

Pooling) 4uil 3 %m%auimuwamyﬁzﬁ (Fully
Connected Layer) Lﬁu%y’uﬁm%’umﬁfmﬁa;ga
Hudnwae 1 fAudnideyanng nuadou
dndefuraaduandunmit 2 Taseadns
Usganniteuuuuneuligdu (Sengupta et al,
2020)

2.2 VGG-Net Architecture

anUnenssu VGG-Net %38 VGG (Visual
Geometry Group) 9AWAMUINIAINLATIUNY
Uszamiigauuumeuligtu laenguiinide Visual
Geometry Group 3MnU®NINg1a8 Oxford
Fatlaqiuldfuanuienliun VGG16 uay
VGG19 Manelat 16 way 19 Aestuiuduves
msafanainunzrestayaieudingdunisdun
feyaduandunmuszneui 3 Thwoumsiined
138 SuUMEmesuar 144 1un1siwes
sy Bnvadsldldgadoua ImageNet
uldlumsiBeudarmihvesaniiinenssuile
TiisiUssAnBamundatu (Karen & Andrew,
2015)

Pooling Flatten Full Connection
Convolution
Pooling
Convolution | | | T‘
l
EI——-——-*E” - A
E B ﬂ/
Output
\ ] \ ) \ J
| 1 |
Input Data layer 1 layer 2

( Convolution + Pooling )

Classifier

( Convolution + Pooling )

anUsznaun 2 lassaiadszamiieuuuneuligdu (Sengupta et al., 2020)
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ConvNet Configuration
A A-LRN B C D E
11 weight | 11 weight | 13 weight | 16 weight | 16 weight | 19 weight
layers layers layers layers layers layers
input (224 x 224 RGB image)

conv3-64 conv3-64 conv3-64 conv3-64 conv3-64 conv3-64
l LRN conv3-64 conv3-64 conv3-64 ‘ conv3-64

maxpool
conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128 | conv3-128
’ ‘ conv3-128 | conv3-128 | conv3-128 ’ conv3-128

maxpool
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256 | conv3-256
convl-256 | conv3-256 | conv3-256
conv3-256

maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512 | conv3-512
convl-512 | conv3-512 | conv3-512
conv3-512

maxpool

FC-4096

FC-4096

FC-1000

soft-max

AwUsznaudl 3 Tassad1sweanuusiass ConvNet (VGG) (Karen & Andrew, 2015)

2.3 nsaneglauadu; (Transfer
Learning)

walian1sielounnuslaeldiuuinaes
fildsunsiFeudaramihlineundn (Pre-trained
Model) anypdayadug Aldsunrmidouty
ImageNet Miidoyasegrsduiutoya 1.2 d1u
AMUazddIL 1000 MUIANY UBNIINITAN
wanlunsBeuivedLuUIaee Saihlikuy
$ransiisyavisnmannty (Singh et al., 2023b)
Tnaifunniadminaldlunisdeudves
ustazdutugadoyalmse

2.4 n1suUedayani8is K-Fold
Cross Validation

wedamsuisoyaiiielidmsunsmazey
wuudraeaiietlesiunisiin Bais vesuuudiaes
fitntlasuisdeyafifsuaushiusenidy
Sruaungu (K) Afesnsidu 5, 10 (K=5, K=10)

lnanisdudoya uwuseanduyndoyaiseuivay
yadoyanaaeunazluusazngudeyavztaya
TuyadeyaSouiuazyateyanaaeuifinii
uanesfuRLansnMUsENBUT 6 NSEUINNS
msdawseuyataya luiteniswisloyadmiu
nInagau (K=5)

2.5 Msie3udaya (Data
Augmentation)

wadiansiiudeyavienisifind oy
toya nsdinfswautoyatieslsifismesnens
thanldlunisieudveauuuiians deyadiled
mﬂwmﬂwmamﬂéﬁmﬁaﬂaﬁu{]mm Overfit
seminannsiieudvesnuudiasanaziiieliia
Aiugh UseAvsawliuuudiaesiiamuni
nsienldIsMsLasuTayALTY NSULUANANY
9AnTifiaans MstiinssumIupaanIm (Noise)
Tudnwaizsineg msasvideifiuuas msdnasey
A (Crop) 1udu %ﬂﬁﬂﬂﬂﬁm%@mﬂﬁiﬂﬂmﬂﬁﬂ‘ﬁ
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foadanbion1SNAAUMLNTEN I5N157LN
lgdpatilonanaziintuasevedeyatiug

2.6 91UAYNLNYIVD 4

TunsAumlsalenuiuues Chouhan
et al. (2020) lpduudnanssingg ulgenusmiu
wmaflan13v Ensemble model fithuuusiass
wnnmdauusiaesntglunisnensal o
AlexNet, DenseNet121, InceptionV3, ResNet18
uaz GoogleNet wagliyatoyaiiuiinuteya
Waspanaiisuuildwinfuie 4,273 AN
fvavenindulsauazliidulsa 1,583 am
wuusaesiiviaueldsunnuudugi¥osas 96.40

nsitadslsalenuInees Zhang et al.
(2021) TadausuuudnassaInnsUS UL
wuuaesnaalnenssu VGG16 dnnnuusug
Sovaz 96.06 WiowSsudisuiuuuusasiain
aondnenssu VGG16 AllleunisuSuusaiany
udug1devag 94.35 wuudassanandaunssy
Xception fiAuLiug1508ay 96.06 LUUTIEY
nanUnenssy MobileNet danuuiugniveay
95.473 wuudassdnan Ununisu ResNet121
fanuuiugiSesay 87.35

NTULAUDLUUINGDIVDS Racic et al.
(2021) fiWmunanlassneUssamiiisuuuy
rouligiu Tneldypdeyaiiusinadoyatisans
panaldiniuléun 4,273 Awddulsauay
Alaifulsm 1,583 aw Sauududrvesuuy
asioYaz 88.90

MTIATIERLIAVBS Singh et al. (2023b)
Taausuuuinaesanlaseglssamiiou
wuuaeulgiu uazuuudiassiidielounimg
lAuA VGG16, VGG19, ResNet50, InceptionV3,
Xception, InceptionResNetV2, NasNetLarge
Tonannusiugnsaeay 92.14, 89.90, 84.24, 89.42,

86.64, 86.17, 88.14 ¢uaIRU @IULUUIIADY
fvnauedo CNN flanuusiugidesay 95.47
warldundoyafiuiinadoyaiiaosnaaldun
4273 nwidulseuazilahdulse 1,583 A

UNANUYDY Mabrouk et al. (2022)
Tadausn 1siuudnaeenIsIIuuUnUsELan
Tsavaaualagltineila Ensemble Learning
iiloanrudrdouvesdeyalaglduuuiians
MobileNetV2, DenseNet169, Vision Transformer
v Wdayaiviinadeyaviaesnanaiisnuu
Fldwidufie 4,273 amddulsauasiiladdu
15A 1,583 AN WANISIWUANUIMUUTIAD
MobileNetV2, DenseNet169 wag Vision
Transformer (VIT) ﬁlﬁi%’wm% Ensemble
Learning WU3NHANNUAIUGI5088 91.35,
90.87, 92.47 waziiloth 3 wuusiasauildsauiu
wALlA Ensemble Learning wuninfiaanusiugn
Soway 93.91

n1snsranmlsavanuInved Varshni
et al. (2019) laldlassRneUssamiiauiuy
Aauliatulusuuuuvean1svin pre-trained
Tngluudnans Xception, VGG16, VGG-19,
ResNet-50, DenseNet-121 Lag DenseNet-169
Tunsafadeyawaziilunensallagld Random
Forest, K-nearest Neighbors, Naive Bayes Way
Support Vector Machine (SVM) 3suanuinnis
19911 ResNet-50 23U SYM (rbf Kernel) T
W& AUC whitu 0.7749 Fadlawflsufiunuusiass
VGG16 way VGG19 fanuuans1evednl AUC
Uszanad 0.0899

TunnsAnwives (Shankar et al., 2023)
laisufisunuudnassves machine learning
models lewn Logistic Regression, KNN,
Decision Tree, Random Forest, Naive Bayes,

and Support Vector Machines LWag deep
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learning models lan CNN, VGG16, ResNet Lag
Usinamesteyaidulsauarlsiidulsasidnny
Uszanal 1,200 nwsenanadadunsansiuau
Hoyalsisaesnataiiuinaiiiiu wutsewing
machine learning models L deep learning
models liifmnuunnsstumnndothunldau
SwsdloFoudisuamusdugmuiniaseng
Usramiflenuuunsuligiuiugwilinafosas
89.74 VGG16 Tnnasowaz 75.80 waz ResNet
Tinadosas 88.14 Fslinaiiunni1 Machine

Learning Models

WazN13ANYIVY (Singh et al., 2023a)
Imiausuuudass QCSA network (Quaternion
Channel-Spatial Attention Network) U315
Gﬁagaﬁgmaqﬂmaﬁﬁﬂmuﬁlmﬂﬁuﬁa 4,273
Amddulsanaziiliidulsa 1,583 nn lsmanu
wiugnsoay 94.53 uaziunuseuiiguiuwuy
$1a098uq 19U VGG16 uay VGG19 ldanuusiugh
Sowazr 92.14 uay 90.22 ANAGU

lunissgylsadenuinves (Chiwariro
& Wosowei, 2023) latiiuuinaasainlasang
Uszamiiteuuuumeuligdu (Convolutional
CNN) anlglaun VGG19,
VGG16, ResNet50 taz InceptionNet v3 lag
1% YoLo v5 TunsAumaAuwnuesnsiinlse
Wit wudn VGG 16 Simnuwsiugr¥esas 88.00

Neural Networks :

way VGG19 fianuuiug1sesay 80.00 a@u
ResNet50 Wag InceptionNet v3 dA113usiugn
Soway 732.00 kay 79.00 Aua1U

Imﬁiz‘qiiﬂﬁuaﬂ (Papadimitriou, Kana-
vos, & Maragoudakis, 2023) 1L@uauuuIIasd
NnlasseUszamifienuuunsulgduiiiam
Juiesiilaseada 3 sUuuukazmsfivesluns
yaaesiuansai IduiduuseureansiFou
5 (Epoch) 5, 10, 20, 30, 40, 50 F1UIUVBITBYA

flflunsiSoudseseu (Batch size) 128, 256,
512, 1024 Tneldyndoyaiivsinadeyaiiaes
AanaiisnuildyhiuRe 4,273 awiidulsa
wardlahidulsa 1,583 A wudwuusiaes
fildnafigninnuusiugr¥esas 95.59 lnssadh
g“dLL“U“U'ﬁ 2 Epoch @® 50 Wag Batch size WAy
128

3. yatayauasdsni1s (Materials
and Methods)

3.1 1A5093D

AT HlFlausS Keras eddu 2 uas
Tensorflow TUAISWAILILUUINEBIAIEATY]
Python Sspaufinmasala CPU Intel Core i5-
10400F %18AMNTINaN 32 GB miwUszuia
Hans 9N Nvidia RTX 3060 (12GB) syuuyijun
15 Ubuntu 13834u 20.04 LTS

3.2 yadayaunazn1snseudaya

mMsdawiesdeyaiiionsian LUy
ae4latunain Mendeley data (Kermany,
Zhang, & Goldbaum, 2018) L‘f]wqmsﬁa;ﬂaﬁ
§suanufionluunannusngg wazyadoyad
Iginounsuuiuled kaggle.com Afignaiilyan
lldulnoedeiouas 200 as Taelu
yadeyalsznaulisenimandisdnsaten
ﬁizumilﬂu‘lmﬂammm (Pneumonia) fiamun
5,232 a1 fegradeyaandlunimusznay
7 4 fuuy 4 ANAERIEEIYBININAINAMN
wadisdlauandlsalanuiy way 4 Ameuana
Aonmfwanslsalonuiy Tasulseandu
AndLsnsaseniivsuanitung (Normal)
§au 1,583 nm wazdivsveniliunfviedu
TsaUaauam (Pneumonia) 91U 4,273 AN
faaaoanguildnuudeyaluivinfu (mbalanced



Pneumonia Detection from Chest X-ray Images using Convolutional...
Pongsathorn Chedsom

413

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

Data) FdlsimaliamsidSudeyaanengudeya
vauaniwnidnuau 1,583 aw isliduuwiniu
Taossnan Ssrouaglinadanisatudona
lauwdstoyadmivganaaeunisiseus 10%
udiuau 428 2w 9ndaunmiaziia
vinmsiasuteyadiuiu 4,273 2w Lile
Ueansiiu Bias annyndeya Ingldidenldisnis
UM 15 83 (Rotation) MINRUAIMNLUY
uaU (Horizontal Flip) INEUAMLUTULIRS
(Vertical Flip) n13gunIn 20% (Zoom) N3
Uannlaliiu 30 a9en (Shear) lagmsidentd
Wite 5 gunuvilldddeiednunsiioninty

YouHunEndsETenldnuata lnauans
Fregnslunmusenoud 5 Sswaunmiiavae
8,546 A YNskUsTIuIuteLadmsung
asensseudvesuudiaendu Training Set
Jowaz 70 97U 2,991 A Validation Set
Sowagy 20 91U 854 AW Test Set Spvay 10

U 428 A YeusaznguTeyaLarin1Tvil
k-Fold Cross-Validation (K=5) lagl¥n13in
nautoyaanmsdulmduadeyalaiia 5 ngu
iisliteyaiinisnszarefetsasinaneuas
thamaaeuUszansnmuesuuudiassitlsiam
Ju wandlunmusznoudl 6

amUsznau 4 fMegunmidndisensienainyadeyaiiuandsavonuin ((uand) wazliuansse
Uanuan (@uuw) (Kermany, Zhang, & Goldbaum, 2018)

fegnmnisiaiudeya (Data Augmentation)

mwusznau 5 fegnmdndisgnsisenannisiddudeya
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fiuatuyadoya (Master Dataset) > A1sta3utoya (Data Augmentation)
NORMAL =1.583 ** Split Data 428 item Rotation, Horizontal Flip, Vertical Flip,
’ 0, 0,
PNEUMONIA = 4,273 for Test set 10% Zoom 20%, Shear 30% ** Augmentation for
Total =5,232 from NORMAL class NORMAL class only
NORMAL = 4,273
https://data.mendeley.com/datasets/rschjbrosj/2 PNEUMONIA = 4,273
Total = 8,546
nMsudstayadmiun1snndau (K=5) A Asusteyadmiunis Train Model
0% 20% K1 0% AR K3 Total 8,546
2,991 854 2,991 854
Training set  Validation set Training set  Validation set
1 o K2 o e Ka Training set Validation set Test set
ol | s Sl 70% 20% 10%
L
2,991 854 NORMAL 2,991 854 428
PNEUMONIA 2,991 854 428
k-fold Cross-Validation (K=5)
AMWUIZNBY 6 NTTUIUNTNTIAESEUYATBYE
1 v o U a ¥ [
1919 1 ﬂ’]ﬁLLUQGUE)QJUaa’IﬁiUﬂ’]iLiEJUESUENLLUUf\]’]aEN
P ) o ° P &
Qgﬂ‘l]i]ﬁda n’qmaa&a ERlGH mu’aumay)a AUNINUAN
Training set Un# (Normal) 70 2,991 5,982
savanuan (Pneumonia) 2,991
Validation set  Un# (Normal) 20 854 1,704
TsaUanuan (Pneumnonia) 854
Test set Un# (Normal) 10 428 856
TsAvanulsl (Pneumonia) 428

3.3 N159AUSLANTNIN

ATIAUSEANTNINVDILUUTIABY LRt
n5InA1ALLIUEN (Accuracy) dnly

TP+TN
TP+TN+FP+FN

Accuracy =

Tagdi TP Ao Aninennsalignaeaidsuan
TN fe mﬁwmmaigﬂéfaqt,%qau FP Ao Andi
wensaiRnnatndauin FN fe arfinennsel
AANA1ALTS warn153InAMERe (Loss Function)
fo artuilitnssozvasswineandininnisel

HﬁumﬁLLﬁa‘%ﬂuLwU'«i’waaamiﬁauﬁ%ﬂ
1309 (Machine Learning) ANNSERLAYRY
vt idusyausyansnneesuuusiaes
TngAmsgapdomagnneanuituuuiiaes
vouldusugnnniy

3.4 NSTUAUNISHNEDULUUIIEDY

ASTUIUNITAS LUV a9 LA8LUIDDA
I 5 [ dy 4'
WWudumaunall Nkanslunindsenou 7

1. Wawssudayaiaviuslayaiivelid
ANMUNTBUFINSUNITASIUUT1AD



Pneumonia Detection from Chest X-ray Images using Convolutional...
Pongsathorn Chedsom

415

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

2. 3enlvauilendu ImageDataGenerator
ileuastoyavesguamlmfuuuy One-hot
Encoding Tfiniwa (Pixel) vaagunmilanag
5¥%I19 0 Uag 1

3. Fenlgeuilandu flow from directory
ednnseudeyaduneugaieneudignsyuiuns
#3194UUT1R09l AL NMVUATUIATEINNTIADINTT
(target_size) WU 224 * 224 yu1pUeITIUIL
veyanltdlun1siseusudazseu (batch_size)
wazAmuaULUUTeIYadeya (class_ mode)
&) .

Wukuu binary

4. igdumeunsiFeusvesiuudians
Tneimuali loss function uluy binary
crossentropy wag optimizer Ao Adam 911U
59UNNSISEUS (epoch) 15 50U

5. Tunszurunisseuiluusdazseu
(Epoch) 2zin13USULAIAI699) ﬁiumilﬁ%sui
WU weights, loss wagnduldgseunsiseus
daly GeazldnaniaFoudannuusiugiuay
AugaydsluisazsauveInisiseu;

6. Woasusoumaiseuslu 1 Ase 15
sou Azt madeuiuyateya k-Fold Cross-
Validation (K=5) filiin3esld Faaglanansisens

AALLIU AT ALY

3.5 sUuUULAITNIITMARDY

N1598NLUUNTNAABILALUINITNAADS
2 nau nawit 1 naaedagldanninenssuity
sildfumnudeunagiiuadiy 2 an1inenssu
15un VGG16 waz VGG19 fildlgfinsusuusa
nauil 2 naassdlasthaniiinenssuiugiuldun
VGG16 way VGG19 unldlaamaiianisanslou
foya uarufuusistu Fully Connected 3t
gULLUUmiﬁmummﬁm/am‘]’mau Node Tun1s
vinaes 6 JUuuy TauA 1) Maifinturesdiuau
Node aiidue 2) nsifinduvessiuay Node
aihauouazanatoEsaaloTUMSITLTY
3) N13aNSILILVES Node aiiaue 4) $1uauves
Node t@d 5) 3112Uv89 Node @dui (a9
A1) 6) S1uInVes Node Winnazanlivinduain
(Cherdsom & Kanarkard, 2023) fauaadlunin
Usenau 9 uwasMuruan1silmeslun1sneass
lgveais 2 ndunsvnaesldun Optimizer e
Adam Learning Rate fi® 0.001 (AndaRuvs
Optimizer Adam) Batch Size fia 64 lag Epoch
A 15 50U Adlanslunnlsenou 8

A1Sa319 U189 (Model for Pneumonia detection)

1 Epoch
Re-Training Validation
weights Result
Training set
70%
Validation set Train
20% model

Test set

15 Epoch
Complete
T = e
TTEET T E
MOd?l ——>  k-fold Cross-Validation (K=5)
detection l
Average
Evaluation

Result

10%

AMNUSENBY 7 TUmouNsBEuITaMuUTIaes
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Experimental Group 1

VGG16

> FC - Prediction Al
d or
: Layer p .
VGG19 : neumonia
Parameter
| Optimizer = Adam
Experimental Group 2 : Learning Rate = 0.001
: Batch Size = 64
: Epoch =15
PurpOSe Methodology PP
Classify Layer Fully connected 6 patterns
used in the experiment.
VGG16 et D s
s : : Normal
FC - Prediction : or
Layer i P .
VGG19 neumonia

patterns 6

AwUsEnau 8 ULUULANGNNSNAGDY 2 NG

aMUsznau 9 EULLUUmiﬁwmﬂmﬁm/ami’mu Node (Cherdsom & Kanarkard, 2023)

4. nan13398 (Experimental Result)

4.1 wanINARBINGNT 1 N15NARBY
Ingldanrlnenssunugiu (VGG16,
VGG19)

Tumsneaenguil 1 vinnsneasdlagld
antnenssunuguiluilaiinisusunsnstusing
YBIUUTADY Bty Fully Connected 10u

$u output Tunsnennsallsawith fauandy
M1379 2 ToyalunITNLAAIHAIINNTNAFBY
AAaiLg) Aaugade wazAndouy
117391U (Standard Deviation) Twveiad
voANULugazAINEYIELINYATDYA
nageu (Test Set) uaznndsznau 10 wang
AAULINE LagAIANEnLdEaINYATeYn
YAGOUR 2 uUUSIAes
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M2 HANIAReINguT 1 nsnaaedagldanidnenssuiugiu
Test set Validation set (K=5)
LUUSaD4 mclanju A1 AdeeLuy AdeaLuy ALadY ALRAY
(Model) e geyrde UINTFIU UINTFIU (Average  (Average
(Accuracy) (Loss) (SD (SD Loss) Accuracy) Loss)
Accuracy)
P1 VGG16 95.42 0.18 0.007 0.017 95.06 0.08
P2 VGG19 94.89 0.21 0.013 0.025 94.71 0.09

BASE VGG16, VGG19 - Experimental Group 1 | Accuracy (Test Set)

VGG16, VGG19 - Experimental Group 1 | Loss (Test Set)

S S
. —

epoch (ot = 15)

MwUsENaY 10 uandrnuwiug (§e) uazAanugads (131) veswuuiiaedumsn 2

Inglunedudl # sey P1-P2 Fathauans
Tunsmaanuuiugasanugadslunim
Usgnau 10

4.2 HaN1INA[BINGUN 2 N15USU
LeeU Fully connected

nsvaassnguil 2 lethantnenssy
VGG16 uaz VGG19 snldlunisiamniiisid
Tuduves Fully Connected Tasldsuuuy 6
sUuwuulngldnisangleudeyauazldguiuy
nsuTuusaduIulvun (Node) Aauanslunisng
3 - 8 FateyalunsUAnINAIINNNTNAFDY
AAULUE AANgayEe wagAndeauy
1AIFIU TR LRABTEIA ML way
Agdy 3nYadeyanadeu

JULUUT 1 nsiiinduvesdnuiu Node
auaue Hansvaaedlduandlunisng 3 9w

3 senshuksazuuuiaedasldanidnenssy
VGG16 uay VGG19 (3 ddudifiananausiuen
1NTign) uarnmUsENaU 11 LandAnenuusie
wazAAugydsnnyadeyanaaoutia 6
wuuiaes

gULLUUﬁ 2 Msifintuvessua Node
aihauouazanatoEsaaNBYTUNSITLTY
HaN1SNAaBIlALARIlUA1S1 4 11U 3 S18NT
Tuusazuuusians (3 dufidianauualugn
maﬁqﬂ) wWazAINUIENBU 12 LEAAN
AU LazAIAUgNLHEIINYATRYR
NAFOUT 6 LUUSIADS

gULL‘U‘Uﬁ 3 A158A91UIUVRY Node
asiiane nansvasaslanandlunise 5 Sruu
3 srenslundasLuusans (3 dadudisien
mm,l,aiuémmﬁqm) LazNMUSENDU 13 Land



Pneumonia Detection from Chest X-ray Images using Convolutional...
Pongsathorn Chedsom

418

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

AIAMULIUE LagAIANEnLEEAINYATRYR
NAFBUT 6 UuUTIARY

sULUUT 4 $1uruves Node inifu
Han1sVAaedlakandlum1sne 6 911U 3 518M13
Tuusiazuuudiass (3 drduidiAnAuusiue
uINAga) waznmUszneu 14 Landan
ALKALET WagAANuddENYAteLaVAaeY
i1 6 wuUTIADg

JURUUN 5 91u3ure9 Node aquriu
(@04A1) nan1sneaaslalandun1sg 7

3 sremslunsiasiuudiaes (3 dudidianni
wiugnanniiae) uagnimuszney 15 uanarAa
wiug wazAANgydsANYRtaaNadeY
i1 6 wuud1aeq

gﬂLLUUﬁ 6 F1ues Node iisuae
anlilinAuan wan1svaaeslalandlunisng
8 91U 3 enshunsiazuuuIass (3 adu
fifiAANusiugnian) wazamUszney
16 wanIA1ALLINE UagAAuEady 9N
ﬂ;m%’agammaauﬁgﬂ 6 LUUTIADY

AT 3 HANITNARBINANT 2 N15UTULATY Fully Connected JUWUUT 1
i Test set Validation set (K=5)
AU .
A1 . d . d
WU Tnunvas , Andeauu  Andes . o
# $1894 %y Fully ﬂ’]‘:ﬂ’):lll AU 1AS5 Y "y ALRAY ALRAY
(Model) connected TR Q:U., (sD NS, (Average  (Average
(Accuracy) (5G] * Accuracy) Loss)
(Fo) Accuracy) (SD Loss)
(Loss)
P1  VGG16 64 97.54 0.11 0.005 0.027 97.00 0.07
64-128-256-
P2 VGG16 512-1024- 97.18 0.07 0.007 0.029 97.10 0.09
2048
64-128-256-
P3  VGG16 96.07 0.23 0.007 0.024 96.89 0.09
512-1024
64-128-256-
P4 VGG19 519 97.30 0.09 0.009 0.022 97.07 0.08
P5  VGG19 64 96.72 0.16 0.010 0.036 96.61 0.10
64-128-256-
P6  VGG19 512-1024- 96.60 0.13 0.009 0.062 96.14 0.14
2048

*Tnglupaduil # sey P1-P6 FethanuandlunsmAanuutduduazaanugaydslunimysenou 11
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Pattens 1 - Experimental Group 2 | Accuracy (Test Set)

Patters 1 - Experimental Group 2 | Loss (Test Set)

332333

((((((((((( -1 epoch (otal = 1)

MwUsEnau 11 uansrinuwiug (e) uagAanugads (121) veswuudiaedumsne 3

MTN 4 HANIINARBINANT 2 N15USULATY Fully Connected JUWUUT 2
. Test set Validation set (K=5)
MUY T
WUy Tnuavas . d o Andeawu o .4 o
P $u Fully mfnju o A U Aady Aaae
(Model)  connected waue aonde (sD U3z (Average  (Average
(Accuracy) Y° (sb Accuracy) Loss)
(FO) Y (Loss)  Accuracy) 4
Loss)
64-128-256-
512-1024-
P1  VGG16 2048-1024- 97.54 0.11 0.011 0.022 97.10 0.09
512-256-128-
64
64-128-256-
P2  VGG16 97.18 0.07 0.015 0.053 96.50 0.11
128-64
64-128-256-
P3  VGG16 512-256-128- 96.07 0.23 0.005 0.018 97.01 0.08
64
64-128-256-
512-1024-
P4  VGG19 2048-1024- 97.30 0.09 0.006 0.019 97.00 0.08
512-256-128-
64
64-128-256-
P5 VGG19 512-256-128- 96.72 0.16 0.010 0.029 96.03 0.10
64
P6  VGG19 64-128-64 96.60 0.13 0.022 0.058 95.28 0.13

“Ingluneadudl # szy P1-P6 Fahunuanduninaauusiugmazarugadslunmysenay 12
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Patterns 2 - Experimental Group 2 | Accuracy (Test Set)

Patterns 2 - Experimental Group 2 | Loss (Test Set)

EREEET

epoch ot = 151

AMWUIZNBY 12 kansr1Auuiugl (Ge) wazAinnuggdes (1) veswuudtaedunisa 4

MIN 5 HANINARBINGNT 2 N1sUTULITU Fully Connected §UUUT 3
. Test set Validation set (K=5)
FuUlAUA .
it o Andes
WUy YDIUUY . , ANLUE9LUY . o d
# 5’1aa\1 Fully A1AU A1AU 11AS51Y LUu ALRAY ALRAY
(Model)  connected Laiugn gryide (SI; 4nsgU  (Average  (Average
(FQ) (Accuracy) (Loss) A ) (SsD Accuracy) Loss)
ccurac
4 Loss)
2048-1024-
P1  VGG16 512-256-128- 97.83 0.11 0.004 0.014 97.61 0.09
64-32-16-8
P2 VGG16 2048-1024 97.54 0.12 0.013 0.068 96.64 0.11
2048-1024-
P3  VGG16 512-256-128- 97.48 0.11 0.013 0.063 96.59 0.10
64
2048-1024-
P4 VGG19 510 97.38 0.10 0.011 0.019 96.64 0.09
2048-1024-
P5  VGG19 97.30 0.09 0.021 0.114 95.93 0.13
512-256
2048-1024-
P6  VGG19 512-256-128- 97.24 0.08 0.010 0.028 96.66 0.10
64-32-16

“Inglunedudl # szy P1-P6 Fauianuandlunsnanuusiugwazaaugydslunmyseney 13
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Patterns 3 - Experimental 1 Group 2 | Accuracy (Test Set)

Patters 3 - Experimental Group 2 | Loss (Test Set)

MwUsEnau 13 uansrinuwiug (§e) uazAanugds (131) vesuudiaeddunisn 5

AT 6 HANITNARBINGNT 2 N15UTULAeTU Fully Connected JUWuU# 4
Test set Validation set (K=5)
duuluun . o Andes S
WUV et Full . A Andeauu Alady o
#  $1899 ulty AAY ALY
connected .o AN UINTFIU (Average
(Model) nn HauEgn > AU (Average
(Fo) gdoude (sb Accu-
(Accuracy) (SD Loss)
(Loss)  Accuracy) racy)
Loss)
20248-20248-
P1  VGGI16 97.59 0.13 0.013 0.030 96.61 0.10
20248
P2  VGG16 128-128-128 97.59 0.13 0.010 0.026 97.10 0.09
P3  VGG16 512-512-512 97.24 0.12 0.018 0.919 96.64 0.49
P4 VGG19 128-128-128 97.24 0.09 0.027 0.094 95.56 0.14
P5  VGG19 64-64-64 97.07 0.10 0.014 0.028 96.75 0.09
20248-20248-
P6  VGG19 96.60 0.15 0.008 0.013 96.05 0.10

20248

*Inglunedudl # szy P1-P6 Fahuuandunsneanuuiugwazaaugydslunmysenaun 14

Pattems 4 - Experimental Group 2 | Accuracy (Test Set)

Pattens 4 - Experimental Group 2 | Loss (Test Set)

3323832

MwUsEnau 14 uansrinuwiug (§e) uazAanugds (111) vesuudiaeddunisn 6
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AT T HANTNARRINGANT 2 N15UTULAeY Fully Connected JUWUUT 5

U Test set Validation set (K=5)
iunves ' o o
WUy & . A1 ANUBIUY A8 LA LA
4 . AAU ALRAY ALRAY
3 Full e AU UINTFIY LT}
(Model) ully TETH (Average  (Average
ode ted deuide (SD UIATFIU
connected  (Accuracy) ¢ ® Accuracy) Loss)
(Fo) (Loss)  Accuracy) (SD Loss)
128-64-
P1 VGG16 128-64- 97.59 0.12 0.012 0.025 96.78 0.09
128-64
512-256-
P2 VGG16 512-256- 97.48 0.16 0.013 0.042 96.38 0.11
512-256
256-128-
P3 VGG16 256-128- 97.42 0.10 0.010 0.027 95.23 0.15
256-128
128-64-
P4 VGG19 128-64- 97.24 0.12 0.011 0.026 96.36 0.10
128-64
32-16-32-
P5 VGG19 97.24 0.10 0.009 0.026 96.61 0.09
16-32-16
256-128-
P6 VGG19 256-128- 96.72 0.13 0.027 0.088 94.46 0.16
256-128

*Inglunedudl # szy P1-P6 Fahuuandunsnemanuuiugwazarnugydslunmdsenay 15

Patterns 5 - Experimental Group 2 | Accuracy (Test Set) Patterns 5 - Experimental Group 2 | Loss (Test Set)

332333

Epoch oal = 13) epoch (otai = 15

AMNUSENBY 15 kansA1ANUkiugl ($e) wagAnugeade (¥37) veanuudnaadlunisng 7
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AT 8 HANITNARRINGNT 2 N15UTULAeU Fully Connected JUWUUT 6

. Test set Validation set (K=5)
FulNuA ; ;
. g ) : andoauy  Andes o o
HUUIABY  VUU Fully  gapgy  Anannu S " Aadey Aadey
(Model)  connected waiugn geude - (Average  (Average
(Fo) (Accuracy)  (Loss) (5D anasgy Accuracy) Loss)
4 Accuracy)  (SD Loss) Y
32-2048-32-
P1 VGG16 168 97.65 0.13 0.004 0.012 97.01 0.09
2048-32-
P2 VGG16 97.36 0.10 0.007 0.016 96.87 0.10
2048-32-16
128-128-128-
P3 VGG16 128-64-128- 97.36 0.13 0.007 0.013 97.15 0.09
64-128-64
64-128-256-
P4 VGG19 512-2048- 97.24 0.11 0.019 0.042 96.38 0.10
20248-20248
128-128-128-
P5 VGG19 128-64-128- 97.07 0.11 0.023 0.072 96.00 0.12
64-128-64
2048-1024-
512-256-128-
P6 VGG19 96.59 0.11 0.016 0.037 96.19 0.11
64-32-16-8-
4-4-4

*Inglunedudl # szy P1-P6 Fahuuandunsneanuuiugwazarnugydslunmysenay 16

Patterns 6 - Experimental Group 2 | Accuracy (Test Set) Patterns 6 - Experimental Group 2 | Loss (Test Set)

Epoc (ool = 15) epoch (ota = 151

AMNUSENBU 16 kansr1ANUkiugl (§e) wazAnugade (131) veawuudnaedlunisng 8
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A1519 9 WS UMEUNANISNAARINUUNANDY

81999 (Reference)

Luuaaae (Model)

AAUIUET (Accuracy)

(Chouhan et al., 2020) Ensemble model 96.40
[AlexNet, DenseNet121, InceptionV3,
GoogleNet, and ResNet18]
(Zhang et al., 2021) Xception 96.06
MobileNet 95.47
VGG16 94.35
ResNet50 92.80
ResNet121 87.35
Racic et al. (2021) CNN 88.90
(Singh et al., 2023b) CNN 95.47
VGG16 92.14
VGG19 89.90
ResNet50 84.24
InceptionV3 89.42
Xception 86.64
InceptionResNetV2 86.17
NasNetLarge 88.14
(Mabrouk et al., 2022) Ensemble model 93.91
[MobileNetV2,DenseNet169,Vision
Transformer (VIT)]
MobileNetV2 91.35
DenseNet169 90.87
Vision Transformer (VIT) 92.47
(Shankar et al., 2023) CNN 89.74
VGG16 75.80
ResNet 88.14
(Singh et al., 2023a) QCSA 94.53
VGG16 92.14
VGG19 90.22
(Chiwariro & Wosowei, 2023) VGG16 88.00
VGG19 80.00
ResNet50 73.00
InceptionNet 79.00
(Papadimitriou et al., 2023) CNN 95.59
Hleu VGG16 95.42
VGG19 94.89
VGG16 + FC (Waua) 97.83
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d3Unan1IMnag

IINMINAWILUUTIR0MUNTATIIN
lsavoauiuainnmdndisdnsiseniagld
lasevngyUszamiteuuuunauligdulaun
aadnonssu VGG16, VGG19 titethanldsay
fumatianisarelounnus (Transfer Learning)
wnmnasdeeniu 2 ngu ngud 1 mMviaans
Tngldaandnenssn VGG16 way VGG19 laeii
Lifinsusuusslas wazngud 2 danidnenssu
VGG16 uar VGG19 wnldlaenisagleuninug
wazU3uusety Fully Connected (Fo) Tneld
sunuulunsuTuusislum 6 sULUU nYateya
Y84 (Kermany, Zhang, & Goldbaum, 2018)
waziln13vi k-fold Cross-Validation (K=5) fiu
yatoyaitiunaiswaznaaounuuians
lnsusiaz Fold wusdeyasenilu 70:20:10
(Training Set : Validation Set : Test Set)

ﬂﬁjumimamﬁ 1 aosaantlnonssy
VGG16 uaz VGG19 lamanuududiilngiass
fudedesar 95.42 way 94.89 WawSeufiausu
anuusudlunsiuuusiassisaeduldanu
Fuunaudug nuaufianuwdugaily
wansinefuegafifeddyuintn waviile
WisuileuiiassantnenssunuiaAdoauy
UM3§7U (Standard Deviation) #31n15n5¥31
Fldumnmsiusnniinfivesaeuiug 0.006
VYBIANAINEGRYLEY 0.008 wavAae (Average)
Y83AIANULINEN 0.36 VBeANANENLFED 0.01

nguA1Meanedl 2 tWunsaun
dindnludures Fully connected Tngldimaiin
nsanglauanuianandnenssy VGG16 uay
an1dnenssu VGG19 d1uiu 6 JUuuy

sUBUUN 1 lunisvnaaesiavaanyin
wuuiaesiilanafiigafe VGG16 + FC (64)
iganflsgulaanuuiugigetieiesay 97.77

LarAmNgdsiesay 0.08 warilldnad
tlofignfie VGG16 + FC (64-128-256-512)
lariAuLiug1asisiosay 93.87 uagen
Agaydeiiusnnisdoras 241 uasdleweuidiou
nwudndlsregnnaresanuiuggeieiesay
3.9 uagArANugydeNntefeay 2.33 uay
mLﬁmLU‘ummgm (Standard Deviation) #in15
nszanedaliunnssiuanniindidngeand 0.010
uaztioniianil 0.005 duriade (Average) 199
Amssiuggefiandie 97.10 dilgnde 96.14
varPugdugefigade 0.14 mflgade
0.08 BntadlothAAnuusiugwuieuiieuity
Aadsauuiugudinnauaneislainndn
lifiu 0.82 TnldsudAnnuwiugiiadian
TugtuuviiAenstislounruivasuuudiaes
VGG19

sUuuuil 2 Tumsneassianuanuiy
wudassitlanafivigaiie VGG16 + FC (64-128-
256-512-1024-2048-1024-512-256-128-64)
laAanuududiasfisiosar 97.54 uagan
Pnugaydedosas 0.11 uazilldnadtosdian
79 VGG16 + FC (64-128-256-512-1024-512-256-
128-64) Fauiugganaieas 96.07 uae
AAnugndeifinunnisiesay 0.23 waziile
Wigugunuindssegvinevesanuiiugn
Jogay 1.47 uagAnAnugadeannisiosay 0.12
uazAdoauunsguimensyatemliiunndaiy
wniinfiAngaaad 0.060 waztiasiignil 0.005 du
AleABeINANLILILENgITaRAe 97.10 Filan
Ao 93.71 veANAugnydogeiiande 0.18
sflgndio 0.08 BnviuiileviAranuuiugun
Wisuifsuiuanadsauwiugwdniinaig
wandnslidsnniinlaifu 1.32 newdswdan
AusiudfiATiarlusUuuudremsdeToumug
VOWUUTIAB VGG16 wiliiladiauunnsieiu
Wiy VGG19



Pneumonia Detection from Chest X-ray Images using Convolutional...
Pongsathorn Chedsom

426

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

sUuuuil 3 lunsvaaesianaany
wudraesfildnadiianie VGG16 + FC (2048-
1024-512-256-128-64-32-16-8) lap1aanuiaug
gatefeay 97.83 wavAiAugadesesay 0.11
wagilldnartiosiignde VGG16 + FC (2048-1024-
512-256-128) mAuusiuggeiosar 85.59 uay
Augayideiesay 0.19 uaziloIeuiiioy
WUINAsTUEMIwRIANLLUEIINNTS oAy
12.24 wazAANugyideiieaiosay 0.08 wax
ﬂ'uﬁmwummmuﬁmimsmaﬁﬂzjme(;i'mﬁ'u
m’muﬂwmmamm 0.021 LLaquJEJV]ﬁ@V] 0.004
mummaa maammwmmumawama 97.61
mmjma 95.93 maammquymaqwqmﬂa
0.13 ﬁwﬁqmﬁa 0.09 SnvasierrArausiug
unU3suifisuiuatadsainusdugiuand
auuananslaindnldiy 1.37 Tnewdsudd
ARl Uuuuifenisdielou
ATUIVBIUUUTIABY VGG19

sUuuuil 4 lunsvaaesianuanyy
wuudraosdildnaiiianie VGG16 + FC (20248-
20248-20248) lafrAnuusiuggeiafosas
97.59 uagAANugydesesas 0.13 uaillsna

tovfianfio VGG19 + FC (256-256-256) dlen

=

Anuuiuggediadesay 96.54 uavAAugndy
$pray 0.15 wazdlawSoudisunuindssey
YpeAnULLugLNeIdsovay 1.05 Lazan
Anugadefissiosas 0.02 wazAndoauy
mm%ﬂuﬁmsﬂiwmaﬁahjLL@ﬂﬁiNﬁ’uumﬁﬂ
wmmamm 0.027 LLaquJEJVIﬁGW] 0.008 @71
mLaaasuaqmmmLLuummmma 97.10
mmjma 95.56 Guaqmmmqagmaqwqmﬂa
0.49 ﬁwﬁqmﬁa 0.09 SnvasierrArausiug
unUssuifisuiuatadsainusdugiuand

NN

ANnuLsnsldunntnluiu 1.68 Ingwasaian
ANuLiugananlusluuuiifanisanglou
ANUITDIMUUTIART VGG16

sUuuUil 5 lunsvaaesianaany
wudaesiilénadifigniio VGG16 + FC (128-
64-128-64-128-64) laA1adnuusiuggsds
Jegar 97.59 wavA1AugiduIesay 0.12
waziilanafitiosfigade VGG19 + FC (512-256-
512-256-512-256) fipsisiugndosas 82.90
uazFnANugFsioras 1.06 uaziileFouiiioy
NUINNTEEEiIeIANLLugInd DS esay
14.69 uagArAnuaydeuIniosar 0.94 uax
ﬂ'uﬁmwummmuﬁmimsmaﬁﬂzjmeﬁmﬁ'u
mﬂuﬂwmmamm 0.088 LLaUUEJEJV]ﬁGW] 0.025
mumLaasﬁuaammmLL@Jummmmﬂa 96.78
mmjma 94.46 Guaqmmquymaqwqmﬂa
0.15 ﬁwﬁqmﬁa 0.09 SnvasierrArausiug
unU3suifisuiuatadsainuwduguand
auuananslandnldiy 2.26 Tnewdsudn
AaTtug iRl Uuuuifonisdielou
AUIVBIUUUTIRBY VGG16

sUuuuil 6 lunsvaaesianaany
wuuiasaillenadiignde VGG16 + FC (32-2048-
32-16-8) laAAnuusiugngsiesosay 97.65 uax
Amnugydeievas 0.13 uaziilduaitesiian
f® VGG19 + FC (2048-1024-2048-1024-512-
256-128) fiauuaiughioeag 50.00 LarA1AIY
gidedesaz 3,556.00 dudunisvnaes
fldannsoneinsallsaléBnialaimaneg fudu
FC fimpassnazislolTeuifisunuindszegiig
voeaUudugganenesouay 47.65 uay
AAnugdvanosas 3,555.87 uazAndosuy
UINIFINAN1INTEAEAI LULANAIAULININ
firngegedl 0.023 waztleniigail 0.072 diy

'
a

AedsresAinuwiugigeiignde 97.15
fiigafe 96.00 vesAANLgANALaeTignfe
0.12 shitgnfie 0.09 SnviadietheAmuusiug
uUTsuisuiuAadsnustiuguEadl
auuanssliiinntinlsiiiu 1.07 Tasedeud
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AANLkLuE AN lusUwuuiAanisanelou

9 Y

ANUIVBIUUUTIABY VGG16

uaziflendsuuidiouis 6 sUkUUNIS
yaaesudUIIMsMaaesitlianlnunsy VGG16
saufutu Fully connected Tneflsrunulug
A 2048-1024-512-256-128-64-32-16-8 ¢
fsudauansfaninuszneu 19 ldAnAusiue
snilgede 97.83 uarAANgyLEs 0.11 uaz
Adosuuinigiuinisnszaiedadf 0.004
durndsvosmanuutiugdo 97.61 vasAn
Anugdefia 0.09 Snitadethaauuiug,

model accuracy

100 1 —— Test
—— Validation

98 4

96

92

accuracy

90

88 -

86

0 2 4 6 8 10 12 14
epoch

AWUSENBU 17 ansAIANLugn (918) UAZAIAUELEY (V21) VBIUUUT

Un@

(Normal)

Uni
(Normal)

savanuiy
(Pneumonia)

10

420

uUSsulisuiuAadsnuusiugudadl
amuansnslaisnntinde 0.22 Fsegluguuuy
fi 3 Tunmuszneu 17 lduansrauisiugy
LaEAANNE AL TENINNTSEUSVOIUUUTIADY
inausuazfunuuaesiifimsuwiugigeiian
waznIWUsznou 18 wans Confusion Matrix
yaamswensel Wethuniieuidisuaninenss
VGG16 uar VGG19 lalléinsusuusswuin
AL NRNTY 241 uazArANgyiAe
anas 0.07 WewSeuifisudu VGG16 Ay
wiug sty 2.94 uazAmNgaAanas 0.10
SowSeuidisuiiu VGG19

model loss

— Test
| — Vvalidation

0 2 4 6 8 10 12 14
epoch

= °

18999ULEUD

14

Tsadanuay
(Pneumonia)

418

AMWUsZNBU 18 uans Confusion Matrix U9IMUUINABINULEUS
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Features Extraction Layer : Fully connected Layer i Predictions layer

<
o~
N

(o]
3k © © oo
o - S IS EE O IO STl QT o
o Transfer learning ol Bl FE N Rl el B el =
fran) s = . . . e ot g u n-
5] O O O =
& VGG16 TR
= o
>
Q.
=

- trainable is None
-include top is False

AMWUSENaU 19 1ASIES 19 UUTIIAB9MUUT1ADINULEUD

5. aAUstena (Discussion)

nisneasstiuuseandu 2 nqu
nguit 1 maveaedlagldandnenssu VGG16
uay VG619 tneilifinsusuusilag uagnguii 2
an1tnenssy VGG16 way VGG19 wildlag
msmdaummﬁumﬂ%’uLwiﬂ%u Fully connected
(FO) 6 yuuvuiielifiuanuunnsnawoses
wuuiaaitlalléfinisusuusirlaglungud 1
wagiitinsuuusisrmemuusiaedungud 2
wandliiuinnsuSuussludu Fully Connected
annsauinUsEansamuaz ALl lunis
nensaflsadeauiufiuanniuainuuusians
dasu Tuwsiarguuuuresnismnaedlungud 2
Tnailsiunnsstusnntniosnmsldineda
msdneleunnudiiufivszAvsnmmeaunnsoguda
vilnnsuSuusslud Fully Connected Taflg
finammuiughiiintueeniiodndy Seoelsiu
msneaaslumsUuussia 6 sUsuU Tnayadoya
S uaun it 8,546 A Yimsutsd iy
YoyadInTuN15aIIINITTHUIVRUUUTIABY
\Ju Training set Sosay 70 §1uau 2,991 AW
Validation Set Segag 20 311431 854 A Test
Set Sowaz 10 91WIU 428 MW VedaENFLTOLA
wazdin1591 k-fold Cross-Validation (K=5) lng
Tdnsdnnquieyannisduliduyadoyalv

e 5 nau ansnsehuldduuamnsdunsva
WU sluduresmsUS ULy Features
Extraction 3’31J‘171yl\‘1 Fully Connected fiusuuss
lumsnasesiilduasnannnimaaes dethuuy
$raosiiinausuarldmnuntugmniigaiy
IgAneuusiugunniigade 97.83 uazdiAny
goyLde 0.11 LLathﬁsNLuummgm (Standard
Deviation) fn1snszatedafl 0.004 drurnads
(Average) U84ANANULNUEIAD 97.61 UDIAT
Avugdeiie 0.09 SnitadlethAauutiug,
1FeuiisuiuAadennuuiugudafiany
wanengldsnnidnde 0.22 MsdmauUIsuLiisy
AUAUNANITNAADIVDILUUINADIAING 21N
UNAUBUY 91n0159 9 wansliiiuinisnng
wazgUuuuTanldlunismaassiiussansnm
anunsadiuauwsiugliiuuuusasdliuay
annsadlldlunmsnnamnlsauasdansestaele

6. #5Unan15338 (Conclusion)

nan1sAaeIluuNALTT LU
annsathuuusiassiiauniuludlunnsasie
wilsaeauamainamdndisnsisenidesduld
Aoulfunmdidadedavidensnadaiieannis
yhawwesyaansiitiitos lneiuuudraosils
WanTuiiruusughdosas 97.83 Fauuusiasy
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fauotannsathulditadelsrenauanuay
andnrmadedinludnuazigeengld uidles
shemsldnussimelimiuidswonisideds
Tsamsiilldauesstin  wmddudBuduna
wagiteduifidalvtinnuuwsiugwazgnios
snafadietesturufowannfisznsznusarise

Forauouuy Tunmsvaaosiagiiuld
YnUayaltodin Feilflee 5,232 nw wisoen
Hunmiivsueniund (Normal) $1uau 1,583
awwagfivsuenithiuninioifulsaenua
(Pneumonia) $1u3u 4,273 a1 Fefideiiay
Wi liiieswesenisihanldlunisseuives
Luudiaes WefngusrasAvosnsldamuais
fausfarlémadalunisfiudoyauar1izns
deloumnuudaiu §ideTaauouurliiinmi
YAToyaINAMBNGLIENTIENIINYAToYa
3uq dulsadun Whangaudedieliuiunm
foyauazaumarnvansvesdayauniy
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Abstract: Artificial intelligence (Al) technology has become increasingly popular and is widely
applied across various fields. In the medical domain, Al has been employed to support
disease diagnosis. Heart disease is a common condition that affects individuals of all genders,
ages, and races, and remains a leading cause of mortality worldwide. Currently, the diagnosis
of heart disease can be performed using Al by leveraging electrocardiogram (ECG) data in
combination with machine learning algorithms. However, in some cases, the number of data
features required is excessive, which may reduce model performance. In this research, we
propose a feature selection method based on Linear Discriminant Analysis (LDA) to improve
the classification accuracy of a heart disease dataset. The proposed method is compared
with two other feature selection techniques: correlation-based selection and information gain.
We then construct classification models using three algorithms: logistic regression, support
vector machines (SVM), and artificial neural networks (ANN). The experimental results show
that the proposed technique improves the average classification accuracy from 77.82% to
86.46%, representing an 11.10% increase. The highest classification accuracy of 87.39% is
achieved when combining ANN with LDA. The researcher employed this technique to develop
a program for assessing the risk of coronary heart disease. The program assists in screening
individuals at high risk and provides users with personalized information regarding their

likelihood of developing the disease.
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AEvEUNUS (Schober, Boer, & Schwarte, 2018)
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(Linear Discriminant Analysis:
LDA)
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0 fia 1 dwmfunmsuundszinnassngs laeden
learning rate=0.001 uanszUlassungladanin
Usznou 2

2.5 GNNDSALINLADS LLUVTU
(Support Vector Machine: SVM)

Fnwasannnesuuydu 1udanesiiu
fldlunsduundszinndeyalunsdazaaails
Juautlenunn (Hearst et al.,1998) \esan
fimnuanansalumsiwundssiandoyausiay
AandREgelUTEANS A NLazHAIUIugEs
InenanNSEAYURIaNITINTNNOIAINIADS
wirTuRon1sasuduuUs (Hyperplane) ilauus
wenUszianteyaiisnssiinflilensonaindy

lumsadraduniaasinnainnnnes
wrduitelilumsduundeya avaiiaduus
Yoyaiilszogvinasswinadeyauniian Seazende
naweiaimin w (Weight Vector) 1Jusin
MnuaiienuasldimunaudeweTEUIy
(Hyperplane) Sa3nimof w JzfemnTurduLs
wazdayazgnuuaslieglugiuuuiinmes x
dmsunisienuindeyasatuazgnimuadu
wustoyaseniluuseian (W3e Aana) 1 vise -1
fuazimunanduls y Tnsanunsauansauns
Tumsmeanadeyadsaunisil 7

e Support
===7""" Vectors

/
\ha‘i““ S\ =

anUsenau 3 dunlsdmiuiusloyanie
ganasnudnneininmo ULy

whx + b > 1, e yi = +1 (7)

wix + b <I, dloyi = +1

w fD LINWMBsaUIMLn (Weight

Vector)

b @9 Aluwed (Bias)

v ~

x A9 Vayanynlag

Y 9

TAENSINBEAINITAS1EULUIF NS U
wUsdayamedanesiiudnnesannmesuusiy
Tunmdsenau 3

2.6 Lnumw'};’ (Information Gain:
IG)

nurradiiiiBnisdundimiiniie
ldndenauautd lnunsAndenaaaudiay
BenanianiATTiAnuanuzisiings msdun
A1 Information Gain az@edldA1 Entropy Tu
s Faen Entropy un1sinanulaidu
sufouviomnuuaninswesdeyadadus 0 i
1 6161 Entropy geazviangfisteyailadnuunnsing
¥38N52A86N IAAT Entropy Yedusiavngy
ulugadoyaduinladsaunsi 8
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Entropy (Condition) =

=¥ _, (Prob(C) x log,(Prob(C))) (8)

k Aig IUIUNGUVBITOYATIIVIUA

a0

c, Ao nquvetaya n lagi n e
Aauel 1,2, 3, ., k

Prob(C,) fin Arunazdunguuestoya
naula

WaAIMIIAT Entropy L38US08LAY
FeAmuIuAnNuAUSTDILAREAMaNTRLAGY
aun1sn 9

IG = Entropy(Parent) -

Y*_, (Prob(C,) x Entropy(C)))  (9)

Entropy(Parent) AD NATINUDIAN Entropy
vaawsazngutoyalunsaanau R

c, fio nquveteaya n e n TAAIUG
1,2,3, ..,k

2.7 aduR9uLunsngd (Confusion
Matrix)

Aouihtuaving Wumsedildlunns
UsgliuUseans AU Iaanslun1syinuIenIe
Anfiamnnsal (Prediction) Fawadnsnisviune
sldsuanlumaiiadsduansdanesfiunstou
Sypaia3es (Ting, 2011) Tavagtdumsnsfiuans
ANENEIUTEIINNA1D3Y (Actual) WisuiBuiu
NaaNSNISYIIUNY TumnazapsvasnauITuLL
y3ndazUsznauluaiean True Positive (TP),
False Negative (FN), True Negative (TN) wag
False Positive (FP) wansssniwusznou 4

1ne A1 True Positive (TP) Mg 41U
Tumaviwnedn Yes lagneieanseiuaiase

A1 False Negative(FN) fip 91u7uiiluing
Y1871 No T9VNUIERAMNSIEANR59RD Yes

71 True Negative (TN) A9 91uUTLLLAS
7118731 No 15\’@&1’@&@5@%@%’1%‘%&

A1 False Positive (FP) g 3u7uiluna
U831 Yes F9uIgRnng1zA1959A8 No

a11501A LRI 19PBUTITULNS NN
AWIMYNANANNYNABY (Accuracy) LU seiilu

age sex chest pain type resting bp s cholesterol fasting blood sugar resting ecg max heart rate exercise angina oldpeak ST slope

0 40 1 2 140 289
1 49 0 3 160 180
2 37 1 2 130 283
3 48 0 4 138 214
4 54 1 3 150 195
5 39 1 3 120 339
6 45 0 2 130 237
7 54 1 2 110 208
8 37 1 4 140 207
9 48 0 2 120 284

0 0 172 0 0.00 1
0 0 156 0 1.00 2
0 1 98 0 0.00 1
0 0 108 1 1.50 2
0 0 122 0 0.00 1
0 0 170 0 0.00 1
0 0 170 0 0.00 1
0 0 142 0 0.00 1
0 0 130 1 1.50 2
0 0 120 0 0.00 1

awusEnau 5 degteyalsavasniioniil
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Actual

Predict

ANUsENBY 4 M519AUTIITWLNSAD

Usgansnmnisvinuneveslumaleluaunisi 10

_ (TP+TN)
Accuracy = (TP+FP+TN+FN) (10)
3. YURBUALHUNIS

TunuAdediiteldgndoyalsanase
\@onilaann https:/ieee-dataport.org/open-
access/heart-disease-dataset-comprehensive
Fadudeyaildsiusmdeyaain 5 yadeya
Tnedoyadivinun 1,190 Menslnglsifidoya
gy (Missing Value) Usznaulumediegn
Toyaruund (ilulsavaenifonile) Srum
561 51813 wazkelsavaeniioniiladiuiuy
629 519ms FasmAdedazuistoyaeenidu 2
du Inelddndan 70:30 Fs¥owas 70 vestoya
Anndudiuau 833 deyaargnlddmtiinaouile
M3UkUUvDITaYa wazdayavnaauIIU 357
Hoyarmiusonas 30 vestoyatiamun dstoya
hianlddisunuananiivanun 12 auaud
Inguansiag1avestoyaninmuseney 5 4n
Foyalsamaandesnlaifswiudeyaunniian
o inguszaslumsidouazitadelsavaonidon
sila Tneyadoyaiia 5 4a Sundsiiandwieluil

1. Cleveland Dataset: ﬁm%@uﬂaﬁmmﬂ
Cleveland Clinic Foundation ImﬁJu%’agalﬁ%U
mﬂﬂﬂ’aEJﬁL%ﬁumsmmﬁiﬁwmma Cleveland
Clinic Tuts¥ 1988-1991 gadeyaiiisiuau
Frognanavan 303 18073

2. Hungarian Dataset: gadiayatisausiu
910 Institute of Cardiology, University of
Debrecen, Hungary Lﬂuﬁagamﬁ%mmﬁﬂw
Fdnsunisasaiilsmeruialulssmagants
yodayatifisiuiusegieiomn 294 18013

3. Switzerland Dataset: quﬁﬁaaga‘if
11970 University Hospital Zurich Tutszine
dAnwofuaus dududeyasngihefidiiu
mansrafilsmenuia gadeyaiidsiuauiegs
Favua 123 318013

4. Long Beach VA Dataset: ‘Q@%mﬂ@ﬁ
171910 Long Beach Veterans Administration
Medical Center ifudogaangiefidsuns
asfilsaneualu Wes Long Beach 733
California gadioyatiiisiuiudiegaiavmn 200
FI8N15

5. Statlog (Heart) Data Set: yataya
Hlgsuanan Statlog Project Usznauluse
Foyaangihefidirunisnsadilsmeuia
Tutszimadangy gadoyaiiisiuiuiosn
flavua 270 18013

\dlesausinteyalsavaoaidoniila
1.5 90 vl ldyndeyaiiusznoulusennandi
e 12 gaantigelisoaziBoavesudaz
uantRdrielUil

See

Qe

DS

1. age: 91990y (V)
2. sex: WA (1 = 919, 0 = BE4)

3. chest pain type: Usetnnauedainisg
Fuwihen (1 = eansidumineniitisduannns
U, 2 = gmsiunthenfitintuannmsiiuiy
Hulavdensiutudy, 3 = smsdunthen
Flaifinsindoulm, 4 = ensiSuntheniising
waouln)
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4. resting bp s: AuAUlaRalugIg
nsnegay (mm Hg)

5. cholesterol: S¥AUABLAALNDTDA
Tuiden (mg/dy)

6. fasting blood sugar: SEAULIAIALU
\donaiiunuaiung (1 = siunasund, 0 = i
WunuaIung)

7. resting ecg: NAN1571539 ECG (ﬂ?{u
In#wla (Electrocardiogram)) Tugasnsvageu
(0 = Un#, 1 = flanufiaun@it ST-T, 2 = fau
APUNAT ST-T wazanuiinun@il Q)

8. max heart rate: 8AINTHAUVDINID
gegnlud M Imegaey (ASwou)

9. exercise angina: 81NNSEUNLNBN
A a X | = |
MAnvulugsmmageu (1 = &, 0 = 1id)

10. oldpeak: pfianases ST depression
Turduliives ECG MAnTulutsnsVRdey
(dlefloufunsinity) ety mm @adwms)
Imamﬁmﬂﬁuma}LLamﬁammqummaﬂiﬂﬁﬂa

11. ST slope: AUA1AYBIAT ST seg-
ment Tuadulufves ECG Avinduludranis
Negau (1 = a1ATY, 2 = a1AS8Y, 3 = aN9NaY)

12. target: (Julsaviaenidanialanse
lai (0=Un#, 1=10ulsAvaendontinla)

Aeflgnwlwneuuu Google Colab
Tun1smeaeelaedlvumauUNSAMRUITUAIT

1. mswigudeya wandulagnis
ﬁmimﬁa;ﬂaﬁy’wmﬁg& 12 AuandRAfiowsn
AnanAfideyaiduteyadeiiey (Numeric
Data) hardoyaiiavsiany (Categorical Data)
MntiuinswasdoyanmautRdmnany
wdasteyalmiuguuvuiannsaldfudanes

fumsi3ouiveaedadls dummy variables lng
nsasuaedullvnidwiuusiazamvanamy uag
sunaluneduidudy 1 mndoyaluuedy
mnﬁ’uﬁmummﬁﬂaé’uﬂﬁuLmu wazilu 0 vn
laims9

2. andiRdeyamenisAnienamuauda
fmnzaslaglinmameanandiius annumiug
warNITIATIkenLezady lneidenauau R
T 5 Aaantivlgdudsunuvesdaya

3. MswUstaya Andumslagguuuayn
Toyavenilugndmiunisiin (Training set) 70%
wavyadmsuNInagaeU (Test set) 30% N1suus
foyadnunzitielianunsoUssiiusyaninm
yoslualiegnaudunans inszuuseyadimniu
msfinifioaidlunalunisnsviine waylitoya
dmsumsnedeuiiioysziiulszavsamisdoya
yatiagyimih A dusunumestoyalmiumal
weLitunew vilinsusadiuuseansnmees
Tuwmaiimnuinidede

a. msaaluna deldnmautAndy
FunueItayaINIsNsAnenAMauTRLY
wiagdtuay aiveyaldngnszuIun1siun
shedaneiiiusumsFouivoanies ldud LR,
ANN wag SVM lagld 4 lapdiua (Kemel) laun
Radial Basis Function (RBF), Linear, Polynomial
ey Sigmoid

5. msssuiisuusgansnin Tunns
e lunsmaaesazilssuiisuuse@nsninns
Fwevedumaiiinandane3fiufinandndu
Tngadslnaaindeyaind 4 wuu loun Jeya
Fudu doyatigndnienaaautideiBnsean
fUITuS ANUALS lar AT IETLeNLesI Ty
fitiaue lunsfinsandSeudioulssansamw
aylranugnaeslunisiuneg lneuanadisnis
ANTUNITINYAINNUTENDU 6
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4. nan1sAnEILazaAUSIuNE

Tun1sAndenAuanvugaan1sly
danesiiulunisdnfenaudnyusduiu 2
Sanesiiu fudeluil

NSARLERNANENWUEMAANFUNUS
Ingldanuduiussenintoyaudaznnanuuy
diefiansanmnuduiusiu Jaanfildazian
2gENINg -1 f9 1 s?fqmﬂﬁhﬁ’ugia}umm
anduiusalddarge azarunsndaaulein
@mamﬂ’aﬁy’mmﬁmmé’mﬁuéﬁ’uqaLsziuﬁ’u 1oy
\TeminerUIendsiirnsasanuduiusing
AnuduiusAiulufianisle lnanan153lAsz AN
avduiusvaseyalsavaaniioniilauandlunin
Uszneu 7 Tnednidonandnunidmduysel
yosavdiniusiifangand 0.4 Sumaneany
Papaushfidenmadaziieduiusiusedy
Uunanstuld Tnsasganudiniusyngnaast
Adululg vl dnuanRfiannsoldidnus
dua Aosanuauzlaun chest pain type, exercise
angina, oldpeak Lag ST slope

N13ARLEENAMANYALAIBNITIATIEN
wenuezidadu Tneuansenlownuiildlunisuauen
famuddnyveusaraauTRluyndoyaia 12
AuaNts 1neNanITIATIEANUENRUSKARS
fanmusenau 8 lawailalnulansdsusunu

- ~
7 mandundoya \

';;;;;nam&;’]

»

wnsdonmida
wnaw (Categorical
Data)

sVM
(poly)

sVM
(linear)

anfadoyn o — [‘.
e (o w
 Linear Discriminant Analysis — =

- Information Gain 1 [ 1 I

________________

wadlonn 70:30

\
1
1
1
[
!
1
1
1
1
1
1
1
1
1
1
|
1
1
1
1
1

msUsaiulsandamausduaanidviuag

AMNUTENBU 6 NFOULUIANIIUIY

muUsUnUTiuiazae fansnsaesuielunis
weneanalsifinasiwiveudmiumimng
Tumsmsidenanaud fefulunuidedeiaden
AruandARdAleinugeigadnau 4 Auauld
wielivindusuuildlurnanduiug loun ST

slope, exercise angina, sex W&y chest pain type

n1sAnLFenAuaNtRmMeNITAIUIN
Annuamg Tnsuansanuanufifieldiy
Anbwinlunsdndonauaniflugadeyad
amUsEnou 9 Annueuslsifinasivutuey

016

005
v n -
- n
3

3
H

H
g

chest pain type -

fasting blood sugar -

exercise angina -
oldpeak

awUsenau 7 Amavduiusvesioya
lsAnaendeniila

Feature Importances

]

o © r m r
o ®» o N &

Feature Importances

°
S

ST slope
oldpeak
resting ecg I
age
resting bp s
cholesterol

chest pain type
max heart rate

exercise angina
fasting blood sugar

Feature Name

AnUsznau 8 AlenuvadnsarAnEaNUR
vastayalsaviaeaiieniilame
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Information Gain of Features

s o o 2
5 8 % &

Information Gain
o o o
2 o o
2 8 8

°
2

°
3
8

age

se)

ST slope
chest pain type
oldpeak

exercise angina
cholesterol

max heart rate
resting bp s

fasting blood sugar
resting ecg

Feature Name

AWUTENRY 9 ANUANINITRIUsaAENTR
vastayalsaviaeaiienilame

TumsdndaninasldaiAnnuanuivinlusia
Praidenauanth duiuluuidededaden
anandRTNIY 4 AuauTRiieliyniudu
Flalusnanduius Iéud ST slope, chest pain

type, max heart rate ez exercise angina

dleldnansdnidenguandiaindn
ANFUNUSUAZNITIATIE ALY NS LTUEULAD
azlairalueaiieldlunisviunegvae
lsavaendeniilalaglidanesiiumunisieus
younse Ioun Sane3fiunsanaesladafng
danesiudnwesnnnesuurty (agld 4 wesiua
l@wn RBF, Linear, Polynomial, Sigmoid) §n1%
MUUAAINISITNS gamma=0.1, C=1.0 Wiy

nnluavitelaflsfiAnaueudes wazdane3iiy
Tassteuszamidionld Keras Tuner Litelils
Tnsseimnzaniueyauazltlnssiefingn
Tunnlunadildlassneuszamiion Tngas
Wisuilgunalsyaniamauaiugnaesluy
nsvinnggihelsavasnifentidla Inguaning
myvinevedlumaditeyanmaianisfnden
AMANYUZAIYNITIATIENULENULELITUFY
Wisuitsuiunslideyanmdnuuzaai (i
NSARLEEN) LAZN1TARLADNAMANYMEAIY
AEVATUSUAZANNUAINS HANTNARDIUARS
FIM519 2

o
v a

NN 2 uhfidoyanaiuling

fiflennugnses (Accuracy) geammeiidnmosn
LNMTLUYIUAILIABLUA Linear (SVM (linear))
Tnoilranugnéiosiesay 85.99 1ethfeya
AfmdenanaTRdemandiniug (Correlation)
Tashalunasie SYM (RBF) vilviszanganm
auanil Jovaz 84.87 wawiilelfinafiansliaei
wenuezidady (LDA) Tumsdndenaauaudail
AANugNAeIgeansosas 87.39 wazilovdeya
figndmidenaauandAlasatnuamg (G) luina
fiuszavBningaanil SVM (Linear) Tngfian

M1319 2 NANIINAABDY
Accuracy
Algorithm . .
VoYanany Correlation LDA IG
LR 84.87% 84.31% 87.11% 84.03%
SVM (linear) 85.99% 80.11% 84.03% 84.31%
SVM (poly) 82.35% 83.47% 86.83% 81.23%
SVM (rbf) 73.11% 84.87% 86.55% 82.63%
SVM (sigmoid) 56.86% 72.83% 86.83% 56.86%
ANN 83.75% 83.47% 87.39% 84.03%
1ae 77.82% 81.51% 86.46% 78.85%
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¢ Tnnmemssnudsmmidavaonfosils - & X
ma el v

dswenimasdumiion ovmsdunibhonfifadunnanetud v
snwmlumbanifadulutmemany i v

mwmeesis STsegment luafulviioos: ECG |madu ™

Submit

AnUsznau 10 TUswnsuilddnsuysediu
Anudssnsilulsavasndeniala

¢ Tunnuenssnudvsmmihdseuaoefonidls - u] X
ma el v
stinpimsdunioen nmsumbenfifedunnnsiud v
] i %
mwaneesis STsegment luadlvidhes: ECG [madu v

[ submit_|

HAdWE
: hifienudsadhilsenasaidoanla

AMNUSENAU 11 WARIAI8E19N1INUIEYBS
TUswnsuiialifianudsadulseiila

Anugndfesiiseras 84.31 msld LDA iiledaidion
AuandATnzailaSoufisutunslideya
sudulunsasdlunaagiiuiiissansawity
wnunnlaaaentiu SVM (Linear) Uat#a1san
fienenugndeaiadeituismsiifidiadeunniiagn
lewuriulumaiiaismndeyasafuuazdoya
NnnsAmdenAaaLtRaNISsIuY auan
T duisnmsiilieifinussansam
Mg enin LDA uimsdnidenaaiautii
fifudoulaefiansanteyaluidlmilnefiansan
apaitoullsun deyaazdosimmulsusunely
ﬂawaﬁwquLazmmLLUiﬂmmwﬁwmmaqaqm
yhlvideyafigndndenanunsalflumsuenaana
#1997 eenaNAuINTign Fsluvaidl Correlation
Annnudnvaziitieutuoanlnefiansanilewun
APaUTUTIL uay 1G Adaidenaudnymy
flannsautsnanavesdoyaldd Tasfiansan
9N Entropy AILAAIEIAILAINNLANGIMSE
nsrangfnlunIsuenAaa

¢ Wansemnanudsmmidsauaondomiia - o e
™ e v
dshmuinmiumioen nmmiushenfidedunnnmisduidenionmmbutube v

snwmlumbanifaduluemmansy o v

amsmeeosn STsegment lusileiiwot ECG - [mam v
[ submit |

WAAWS
s flaandvatiilsanassdosinla

ANUSZNBU 12 LAR9FIDE19NISYINUNY
yaalUsunsuilefinnudsadulsaiila

Ao

dlolslunailsiszansaniiangs
Tunsiuieglsanaenideniilanazdslauily
waundulusunsuflddmsuuszdiunnudss
msidulsavasnideniila uanatia1adUsunsy
fsamuszneu 10 Fensldnulusunsugldany
sedosdifoya e Uszinnuesnisiduniien
amsidunthenfiiniulugrmageu wazen
ALaInvesA ST segment lupdulniives
ECG ileldtayansuiundinalu Submit
TWsunsuazuanmantsyiueandeanisdulse
wasmdeniladinimusznou 11 Tunsdld
Laiflanudes waznmuszneu 12 lunsaifid
ALEe

5. d3Una

mAeiihiausmaiamsdadenamansi
yostoyaremslnsgienueziBadu oan
yuniivestoyaiioifinyszansawsnuni
gndaslunmsuundeyadiislsavaeniioniila
Sovhmsdnidenaudnuurvesteyaud azld
lannzdeyavesnaanTAnldzudenluldlunns
aslunaduunUssiandayanieiunisiseus
vouaies laun Sanesfiunsennoeladafing
ganasfiudnneInINmasUIYTIL wardana3iiy
TnssngUssanmidion JalSsuidiouussansnm
arugniadumsduunfunisliyndeyadai
Swiudanedfiudinann swluiaieudieu
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fun1sAnienAuanvuraIgn1sldmanduiius
Nansnaaedkandbiiuinsfndenandnuae
sheismsihinausaunsatieiinusansaw
AnugndedlagganAadssmvew LT
Tdlunsduundszinndeyadiielsavasniden
wala uenaniailueaildluussndl g
Hulsunsuilddmiuusziiuanandssnsidy
Tsavaondenthlafiolildanulisunsuloma
mdssionisiinlsavasmidentiilavessutes
uazanansanmssnwldegaiuiaed usililes
seteyaiiredlunsussiiiuanuideadudeya
fifoainisnsaandidsrmgiadulsunsud
winzanthlldlunmsiisdanseduanmumeua

dmfunuimamsidelueunanvzgady
nslfundsdoyalsavalafisnainvainvany
uwasnvesdeyalfielinuszavinmaany
wiuguazandetiovaansive
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Abstract: This research focuses on developing an information
system for managing wet garbage bin data in the Langu Subdistrict
Administrative Organization, Satun Province. The aim is to resolve
disorganized wet garbage bin management and enhance the

efficiency of local waste data administration. The research
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methodology consists of three key phases:
analyzing system requirements, developing the
system using Flutter Framework technology,
and evaluating user satisfaction. Experimental
results show that the developed system
effectively reduces issues related to wet waste
in the area, mitigates environmental impacts,
and fosters greater community participation
in waste management efforts. Furthermore,
integrating the findings with relevant theories
and previous studies underscores the critical
role of innovation and modern technology
in establishing sustainable local waste

management solutions.
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INWANITIATIEY §IF8ANTUNT
aaﬂLngm%gaﬁmmmim%’umﬁmmﬁaga
wuuBealvsiuasdumesinadldituszansam
LazdERENISTITNUY nanNUIENaU 2 LanIDg
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Analysis of New System

Workflow

Cross-Platform Development

with Flutter

Fast Testing and Debugging Effective Data Access and

Data Security with Secure

Management Database Integration

po Current

Digital Needs.

Customizable

AnUsENaU 2 MsIAsIzRsTuUuly

Mobile App (Fluf
€] a

«main» «main»

Flutter Framework User Interface
Middleware

a g

«mainy «mainy

Authentication and Security APIs

Cloud Services\ r & Database’
& Y ~x
| a ]

«main» «mainy «main»
Analytics (Google Analytics) Data Storage (AWS/Google Cloud) Server Logic (PHP/Node.js)

AMNUSENBU 3 daUngnsSUSTUU

E  debtor

title: string
name: string
E users lastname: string
E  access right houseNo: string
usersTypeID:
villageMo: string
accassRight: string fullname: string
numberBin1: int
accessRightName: string username:
numberBin2: int
status: string password: string
amountPerMonth: float
status: string
ghtID: int (PK) amountPerear: float
usersID: int (PK) collectionType:
remark: string

status: string

debtorID: int (PK)

E  debt payment

debtorID: int

eollectionDateTime: datetime
i s updateDateTime: datetime
accessRightID: int fiscalMonth: int

usersType: string fiscalYear: int

status: string amount: float

usersID: int
usersTypelD: int (PK)
remark: string

debtPaymentID: int (PK)

Awusznau 4 ﬂﬁiaaﬂLLUinug’m%’aga (Entity-Relationship Diagram:

ERD)



Information System for Wet Garbage Bin Data Management in Local Areas: ...
Norathep Sakphet et al.

456

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

nMTATIEszUUUlng nuszneu 3 uansd
anllnenssuvessuy waznndsznau 4
WAAITINITOBNLUUTEUUFIUTDYAN8TD
Entity-Relationship Diagram (ERD)

5.3 A1TWRAIUITZUU (System
Development)

Tudumeutl fHdeldimueundiadunuusuns
penuuuTilddlilagly Flutter Framework
ilesesfunslduszuuufcinig Android
N13NAFBUATBUAGUNNTINTUNISYINULEY
MsUSuUsnusadwsAlay sdanmaaou
auanansalun1slann (Usability Testing)
Prglindlaigldauisaldnulaegisieniy
wagdUsEANEN N F798139N1508NWUY Ul kand
panmUsenau 5

5.4 Us21dussuu (System
Evaluation)
n15398dlgn1sUsEIuUsEANT AN
me3% Black Box Testing Fallumaiinnsmageu

Hoyndlé

Hoaqn

[ N S = T R

foqld

Y

Budfuniasiou

x
Vi
3
o

*
m
.
A
»
T

PErD

= = €,
fopnlld  Smuimadon  Saysgond

wandusTusEanEnmuazlauniseensu
TursnsWmuszuy (Myers et al., 2012; Nie,
2015) @ nsunisussiliussuuiiaesdiu Ao
nsUsziiiudseansamlaedguassuu 3 Ay
warnsUszidiunienslaangld 40 au desufs
NNV BUN.ALY wazUszyvulusiodu
mMsUssiiuiieiananeuureituarUsednsam
NSNNUVDITTUUINENNLINABUTT

5.5 Annauazun393ne1 (Deployment
and Maintenance)

woUnALAdu Android gniindsliiy
mthidafuezues sun.ary wasldnudy
na1 1 Y MsviesnwsEuuTniensnTvdey
wazUfuugaueunanduduusedniodnw
anuafosuazUsydnsamnsldou wious
nsUszifiumufieweleangléiilesuuse
waUnALATUlRE Y

i

ssuvdniutayatvenion

AMNUsENaY 5 fagen1sesnuud ey sEauyly
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6. NaN15398 (Experimental Results)

AINAITANEIANUITOBANINANITIVY
Tonamalul

6.1 Had1TRMAZINUTIVTINTYALN
vezonludiuviasdu

n3fiANwI9IANITUIMNTAIUAUAALY
Jainaga fIdulanmvuayssianvesdoua fie
il S1unudwenleon lasifiununuteya
NNTHNIAAUILUATTOLAYD DUR.BZY TNAGS

SNYATLDYALUNITIE 1

A1 Funudaesten
nyjtinu FuIutsvesden
il 1 460
vyl 2 577
vl 3 442
v 4 380
vl 5 249
vl 6 390
il 7 171
vyl 8 240
it 9 272
vgfil 10 338
vl 11 314
il 12 373
vafil 13 213
il 14 240
il 15 270
vfil 16 172
vafil 17 180
vyjii 18 177

594 18 vigjtinu 5,458 64

NATN 1 HaNTENTIUaAAUTIVTI
ToyadavziUonludiuriosdiu: nsdnw
DIANITUIMTAIWAMUAAEY Janinana Loy
fideladafudeya mifl wazduoudmesden
St Sruaudevenden 5,458 & lu 18 nyjthy
Y04 BUN.ALY

6.2 NANITWAIUNTTUUATEAUNA
Wwan1sdan1stayadevesidenly

S A

NUNVIDIDU

NIAANYIBIANITUIMN AU URAEY
Jminaga szuuﬁgﬂaamwumLﬁaamnm
LLazLﬁmﬂizﬁm%wa‘Lumﬁmmi%’a;ﬂaﬁwEJxLfstm
Tnodsdaaiulinsdomsszninsdauaszuuuas
audnduluegrenuiunasivszdniam
eoiitaunszuudu 2 dawumdn

6.2.1 HAKASZUU
LT T]

Usznousaduseundiduiiiaunlag
% HTML5, CSS3, PHP7, MySQL daduszuu
Jansgrudeyadisiienansensdansudiuuas
Issunnsanfuanueessiaiios (Oracle Corporation,
2023) ey JavaScript \ensUszaunuLas
$an1steyaegnaiuszavinin sruvitagl
Aawaaunsarnfuaz U sIansteyalaann
yndiuaznna Teeiiflsiduiinanvaioiile
599FUAIUABINITVDINITUIUTIANTTOYA
EINGETGRE

6.2.2 d11%n (WNI1U dUA.ALY)

sl UnaledussUUU§URNS
Android ﬁﬁﬁuméfw Flutter Framework %28/l
wﬁfﬂmummsaé’wme%’agaﬁwauﬂaﬂiuﬁmﬁu
Igturhedt weundrduioenuuuaniiiensly
uiiheuariivsyansam Tnedilaidusie 4
frelianunsaviauldnieldidoulusinge waed



Information System for Wet Garbage Bin Data Management in Local Areas: ...
Norathep Sakphet et al.

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

dviultus:uy

whs:uu

ANUSENBY 6 UTNIDNTULDUNALATY
uay Log-in W1TEUU

msUsedlunanisidauliiunaniui dmsunis
vl runerUssiiiuna cuiselitiausions
msauuagnsinussuluiloesssuuU o
15 Android lngilgnageussuy 40 AU 5389
WHNUYDY DUR.AY wazUszymulusioadu
\WioUszfiuuszaninmueaaunaiadulazaiu
wanelavesldiu nan1snaaeularUsziliung
Ieunisifiudeyanaziinsesiifieasviey
AnudnSalaaunesanlunsldauass
AMNUIENOU 6 LWAAINENIDNSILaUNALATY
wag Log-in 153Uy AUsEnay 7 wanenii
Fadeyaglisruy uaznMUIENBY 8 ARy
Faudeyauazniseenuuunthae Ul fdaveu
Va4 Flutter

6.3 NANIINAABITSUU

ANSNAFBUTLUUAILAUNITAIIUNS DY
THu (Top & Ali, 2021) LEAIAINITIN 2

INATN 2 BFUNETRYALAaARIY
omatl

o ana o ana
Administrator SmihA_sua.ay
domgs douts
admin a user a
shadu shadhu
& &
Oudusharu Oudusfaru
& &

1%

mwusEnau 7 vihaeteyadiinldssuy

Y

. X
A

e 2565 B
twau® 19 @l

o} thuaui
shinih 26/182 ]

Aandithnih
ngEUL, H an
g usinw Andilwes &
dwoudouie dwnudolan
wnwana
18 1

Srsaondo SusuBunn/ifiou

8 2000 §
Fwsudoilun e

2 ssuudovenlonldimidse

amUsznau 8 wydnfivfeyauaynisesnuuy
Ul M8aviguras Flutter

1) Date: Juin1snageugnAiung
Aausdui 1 Jquieu fa 15 dquieu 2566

2) Total Time (hours): 31uIUTILL
anuanszuumsIsyaulukias iy Fadu
24 TR U

3) Uptime (hours): 91u3ugla97
szuvasavinnulaasdlaglafileynn Al
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A9 2 WaNAABITTUUMLANNITANUNSaUlTU
Date Total Time (hours) Uptime (hours) Availability (%)
2023-06-01 24 22 91.67
2023-06-02 24 23 95.83
2023-06-03 24 22 91.67
2023-06-04 24 22 91.67
2023-06-05 24 22 91.67
2023-06-06 24 23 95.83
2023-06-07 24 23 95.83
2023-06-08 24 23 95.83
2023-06-09 24 23 95.83
2023-06-10 24 23 95.83
2023-06-11 24 23 95.83
2023-06-12 24 23 95.83
2023-06-13 24 23 95.83
2023-06-14 24 23 95.83
2023-06-15 24 23 95.83

ueiutosndn 24 Filuaiiesaninisungesnw
wsetgmiilnssuuliaunsalausnisle

4) Availability (%): 8n31AIUNFOU
THuvesszuusanaduesidud Fadwammin
(Uptime / Total Time) x 100% @298
frszuuvhendld 22 Flusaniimun 24 $lug
Anunsanldanuazidu 91.67%

6.4 NaN15USSLEUUSEANSATNSZUU
Iaiudayadeveslen

NsUsTiuUsEANEANYRIsTULASAUINA
iiemsuimsdeyamsinmsdaiudwesiden
Tudwviosiudniunislaefiforng S
3 AU nenan13UssiuUss@nsnInnandng
A1579 3

1NA15N 3 wan1suseliuysEEnsnm
syuvdnfudoyadsvesiden TnefiBoavisy
NUN QL%EQ?IW@GIQULLUUﬂizLﬁHUi%?V]‘%mW%UU
Januteyadewezdentuningn sglussduun
(X=4.25, 5.D.=0.49) ilefiansanidusede nui
nnhdeiuszaninmegluseduunn

6.5 NAUSZHEIUAIMUNIND IRTLUUIN
wudayadsvezilen

Adelduszduanufisnelaszuudaiu
JayansvezilenlagUseiiuainaunindiuiu
40 YINY LANINARINIGIG 4

NA19 4 e sUszidiuaufinel
szuudniutoyadaveslen wuil gRauwuy
Usziliudlanuiidlaiioniluningiy sglusedu
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M3 3 wadssdiudsgdvsnmszuudaiudeyadwezilen
39S X S.D. sEaUUsEANSA W

1. anuanunsalunisleeu (Usability) 4.33 0.47 el
2. Uszavnsnm (Performance) 4.24 0.50 aly
3. anulaonse (Security) 4.33 0.47 1A
4. prindedie (Reliability) 4.28 0.52 110
5. mmmamqmaﬂﬁqﬁ‘?fu (Functionality) 4.08 0.51 uln

ANadesa 4.25 0.49 N

394 wadszdiuenuianelsruudniudeyadwezlen
518115 X S.D. 52AUAUNY Wala
1. anuanunsalunisliey (Usability) 4.33 0.47 110
2. Useansnn (Performance) 4.33 0.47 1N
3. anulaonae (Security) 4.28 0.51 110
4. manidedie (Reliability) 3.98 0.54 1N
Anadesy 4.23 0.49 N

171 (X=4.23, 5.D.=0.49) Wlofinrsaniusede
wud yahdelianuisnalaegluseduun

7. aAUs189Nan15398 (Discussion)

MIAAUNTTUUENTHUNAE NI UUTING
Toyan1sdaLiuiaveslenvedeadnsuinig
dausuaazy wanslimiudsanudusalunis
USuussnszuaunsianisteyaves Lilouii
auilssidgularanauRanainlunisduiin
foya nadnsinevaussotngUszasivdnve
n1339elunsUSul AN LarAUTIAGT
voansIanIsteyavezilenaelusedAnis
nsimuIdenagnatvayulaenisldau
welulad Flutter Framework Sataglsinn s
woundwdutuunanvlesudululiegaienis
wavayAIN AsTNTIITTeg T U s sz AvEnm

vounalulaglun1susulsanssuIunisesia
LarN13INNSTaLA (Xu et al., 2022; Eriksson,
Strid, & Hansson,2015) Msmelulagdanly
Tumsideilalfoud Rl seansnmmstuiin
Foyawhtu uidseannaiflflunsdnnis

Joya i lvigldansaldnatlunsudiledeym

duq lumsdnnmsveglauniiu Welssuiisu

[
[ £y ¥ U a

fuszuunsIansteyasuuaaauiltsluasinig

U sdludIuaasgneuntinl nan1533edl

=t <

Flmsiulinszuuluuiianuaiuisalunisan

S

Y a

Forananauazifindszansnmnsianisdeya
Aldusganuinfmelatuaruausoves
szuulmflunisanenududounazifiuanania
Tun1sidndedoya wadwiinaniaoandosiy
Poasuaneidedug Mduduiasylovtives
nsldwmalulaglnilun1susudsenseuiuns
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y11953719 (Ankam et al,, 2023) MsAnwiiiiugh
feenudrAgvesmsldnalulaglmilunisudly
doyvnsdanisdeyavey uasiduiionada
fugndlifiuinsussendldinaluladannsoth
1ndansUfulgeifiaramngldednals wanis
'i%’aﬁwmmialﬁﬂﬁagaé’w%aﬁﬁmﬁm%’mws
Anwilusuipnuaznisiauiuleuiglussnng
VST saIuiUaLariasuiifinanuiinieg
Tumsdnmsteyaveziindrondeiu

8. @3Unan15398 (Conclusion)

mMTeEhilUnsiauaznsUsii
NaveIsEUUAsaUNAtlunsuImsianis
Foyamsimfudsvezleon Feszuudananls
gneankuukaziimunlagly Flutter Framework
UusrULU{IRNT Android ilesesunisliau
Tuanmndewviosdiufiosdnisuimsdiusiua
avg Yenaga wansaLszuUlFTImuds
UsylovinalsusenisniuinguszasAues
nsideilanld

MIdTRUAETIUTINTRYA: SEUUTElH
ansanusdeyanefudwesdonldedd
UsednSamuasluszuu vilianunsodnfsdoya
IfieuazsIngs Tamevauawsionnudionis
Tumsiamuuazdanisteyaveenluviosiu
1§ty

waeUnandu: MsRuweUnaAdy
Mlinmsusmsinnisteyaaninsavinlaviuae
uagiUsEAvsam uoUndinduieenuuusndmiy
nsiduieielilguassuuiaraindnatingg
yhawswiuldedresuiy

HadnsreIN1FITeuandliiiiuiina sl
wmAluladfdvia oe19 Flutter Framework o
ETUUsEANEAMLAZANNAINTALUNITIANTS
Jayavezilen lneiinsussiliunaannyldseuy

1w 40 au Tadguassuuwasssrdlusiosin
uansUssiiiuaufianelatvidiuindnismeusu
A7 wazszuuld¥unisWaunegeselio
iloneulandanusiein1sasavesifld n1si
wallaBAdviaunldlaifoausiiinanuimsnzay
LAYAIIUATEUARHYDINITUIMISIANTTRYA
Wity widsrudnsuudsenssuaunsvhan
fianunsouspiiunalfannnislinueie iamside
iBusufsmudifavesnisysanmamalulad
Tmllunsuimsdnnistoyariesfiunaativayu
nsey$nvanadenlusyiuyuuy

9. Yarduanuzlunisivensesall
(Recommendations for Future
Research Directions)

mfoilldDamednenmuazselomd
vosnsitmalulagidvialunsusmsinnsteya
fawpziden Jeanmnsathlugnsianiuazves
msideluowan ol

9.1 WAIWISEUUETAUMANTAERS
WauTmsinn1sayadevesilen

nsldszuvansaumagiiaans (geographic
information systems: GIS) azaelanu130103
Lﬁwﬁa;&amsé’fmﬁwamuuL%aﬁuﬁié’ashﬁmwu
biaunsadneikasusmsinnisteyalan
Badunumudesnisuazaaiunisalasves
LAzt

9.2 ANWIHATWAIUINISINADITEUU
nuwmalulagadue

nsuaumalulad Wy Wuwesnse
Internet of Things (IoT) @ansateln1T3IUTM
ToyarfulusgssmluiAuazifinnnuusiug
Tunsdnnisteyavesiden
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9.3 vy1en153e bUGIguvUN
AUNAINVAIENINYY

nsnageuszuulugninindoud
wansnanuazelmiuisUussansainuay
AT ANYDITEUUIUNISROUEAUBIRD
AFpsnsTivannuany wagtelunisuiulse
svuulimnzaufuusasiuilans iy

9.4 d13573n15U5udsnazveny
ANEINITAVBILBUNALATY

nsnatusmaluladdugs wu ms
L‘%Bué’Lﬂéaﬁm (Machine Learning) fie34ns1e%
wazvhueunliuvezyanos wYielvin1snausy
Banagnslunisdnnisvezyacesiiussdnnam
B9ty wezfudsslondsomsuimsdanmsdeya
gurULAyMIoyNEAIINSoY
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Abstract: The rice production process plays a important role in determining the quality of
rice seeds. However, the relatively high cost of certified seeds remains a major constraint
for farmers in many areas. Consequently, a eroup of farmers in Ban Nong Suang formed a
cooperative to produce and distribute rice seeds locally. Despite these efforts, challenges
continue to exist,, particularly in managing water levels in paddy fields, which directly impact
productivity. This study aims to develop a smart farming system for rice seed production
by integrating Internet of Things (IoT) technology with Geographic Information Systems (GIS)
to enable real-time monitoring, tracking, and control of water levels in rice fields. A mobile
application with an integrated online map is used to visualize field data in real time. Farmer
satisfaction with the system was assessed using a close-ended questionnaire and a Likert scale,
while cost-effectiveness was analyzed by comparing implementation costs against the profits
generated from rice production. The results demonstrate that the system efficiently monitors
and regulates water levels. Farmers expressed a very high level of satisfaction (mean score of
4.88), particularly in relation to time savings on field management tasks. This improvement
enabled farmers to allocate more time to alternative income-generating activities. Regarding
cost, the average expense for smart farming equipment was 1,433 baht, with an installation
cost of 1,500 baht per rai. Farmers with access to existing infrastructure, such as artesian
wells, submersible pumps, and solar panels, were able to recover the investment with a
profit of 3,033.33 baht per rai from cultivating just one rai of land. In contrast, farmers with
only partial or no infrastructure would require a minimum of 14 rai and 23 rai, respectively,

to achieve a break-even point.
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Y1) AguLuesa (8,500 un) Alwalaas
(10,200 Uw) wazAsszuUluituiivun 1415



Rice Seed Production with Smart Farm
Chalawan Wantong et al.

482

MIETIesasaumesasvalulagUssynd, 7(2): 2568
Journal of Applied Informatics and Technology, 7(2): 2025

IR (UN)
100,000

90,000
80,000
70,000
60,000
50,000
40,000
30,000
20,000
10,000

0
12 3 4 65 6 7 8 9

.
Anldaneiannasals (Wm)

£%

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

4

=@ "ls5nl3 (UM) wudt a5

=

AMNUIENBY 13 Nan1TIATIeTnduunsailinunsnshiissuuiugiulage

a9

dAviniu 1,500 x 14 = 21,000 vm sasdu
Alddnemaduwiiiy 1,433 + 8,500 + 10,200
+ 21,000 = 41,133 v vausTnensnslarils
NNNSVBRANES 14 15 Wiy 3,033.33 x 14
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4. anustena (Discussion)
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Foughali, Fathallah, & Frihida (2018), Pothong,
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et al. (2020) waz Kanya et al (2022) &slgih
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5. @3Unan15338 (Conclusion)
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