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Abstract

Hypertension is a leading cause of cardiovascular disease, with high morbidity and mortality in‘adults
around the world. During the COVID-19 pandemic, Digital health is a new alternative technology for
blood pressure measurement by digital devices, improving the management of hypertension. Several
researches have shown the benefit of digital health and behavior modification. This paper reviews the
digital health approach in combination with doctor consultations and patient education. The goal is the
establishment of effective digital platforms for self-monitoring and tele-monitoring of blood pressure.
Patient education should be encouraged, and clinicians need to be supported in the early detection
and effective management of hypertension via virtual clinics. The digital health approach, combined
with artificial intelligence and behavior modification, can help physicians in the screening, detection
and management of hypertension, reducing the risk of serious complications. In addition, wearable
technologies or health applications can be used to manage hypertension, empowering people to
manage their own condition. This article describes the importance of the aetiology of hypertension
and risk factors in the improvement of hypertension. Conversation skills, technologies and knowledge
are required to successfully manage hypertension. Digital health can be a novel approach for health
promotion in Thailand and is currently available in private hospitals; in the near future, it needs to
become more popular across Thailand. However, further research in Thailand is needed to improve

technologies and standardize digital health intervention.

Keywords: digital health, hypertension, wearable electronic devices, behaviour modification, telemedicine
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Introduction COVID-19 pandemic, health education was part

Digital health means the use of information of a “virtual clinic”, including changes in lifestyle

and communication technologies in medicine practices, knowledge about the disease and health

and other health professions to manage illnesses promotion for examples eating healthily including

and health risks (Ronquillo, Meyers & Korvek, restriction of salt diets and fatty diets, maintaining

2022). Digital technologies are an integral part of a healthy weight, taking regular exercise, limit

daily life, and the world’s population has never alcohol consumption, do not smoke and get

been more interconnected (Labrique, Agarwal enough sleep. Therefore, in the new era, digital

& Tamrat, 2020). To apply digital technologies health is an alternative choice for treating hypertensive

in hypertension management, a novel way of patients and supports doctors in their consultations

managing health is needed for hypertension
management, such as through screening blood
pressure, diagnosis, management, medical records

and patient information. For example, during the

(Burnier et al., 2022).

The digital health approach can be used to
manage patients and collect and share personal

health information by using a range of medical
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technology, including mobile health applications,
electronic prescribing, electronic health records,
telehealth, telemedicine, robotics and artificial
intelligence (Hare, Chokshi & Adusumalli, 2021).
How these may fit into future models of digital

health is summarized in Figure 1.

According to recent reports, the global
COVID-19 pandemic disrupted normal life and
routine activities, such as doctors appointments.
Hypertension is an important disease that requires
long-term treatment (Tucker et al,, 2017). The
changing circumstances of the COVID-19 pandemic
have resulted in substantial lifestyle changes. With
more patients who do not want to bear the risk
of traveling to the hospital, there may be some
groups who cannot come to the hospital, resulting in
less effective treatment and an increased risk for
serious cardiovascular conditions (Citoni, Figliuzzi
& Presta, 2002). Digital health is a service option
that has enhanced the provision of medical services
to meet the needs of users in line with the “New
Normal” era and improved the management
of health conditions, including the provision of

health communication for patient convenience.

Understanding digital health

Digital health is a new information system
of medical care delivery that uses an array of
digital technologies to improve health systems.
As global healthcare is currently gaining importance,
the benefits of digital health can be used anytime
and anywhere (NIHR Evidence National Health
Research, 2022). This approach can reduce a number
of visits, resulting in a decrease in a decrease in

carbon emissions; increase patients engagement
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with less expensive, leading to empowers people

to manage their own conditions (Figure 2).

The digital health approach can boost
health and wellbeing and improves the health
system. Virtual health care is cheaper than a
visit to a face-to-face clinic and allows doctors
to share electronic medical records in a private
environment in both screening and detecting and
controlling hypertension (Wang, Su, Zhang & Li,
2021).

The use of technology and innovation is
an important part of enhancing the comprehensive
provision of medical services. It relies on collaborations
between agencies or organisations based on
expertise, in addition to doctors and hospital
personnel, such as tech start-ups, universities or
research centres, together with stakeholders and
government organisations. Above all, unforeseen
factors, such as the COVID-19 pandemic, are major
drivers of the development of the digital health
approach (Australian Institute of Health & Welfare,
2022).

Smart technology as a tool to enhance
the delivery of medical services will enhance the
efficiency of services and treatments, with the
goal of providing convenience and mobility to
patients and covering all forms of treatments with
the most accurate diagnosis (Kitt, Fox & Tucker,
2020). Examples of innovations and technologies
implemented in digital health include improved
diagnostic accuracy (Kario, Harada & Okura, 2022).
Here, Al plays a role in increasing the accuracy of
disease diagnosis. Telemedicine is applied when
no doctor can be found. By offering online health
consultations and treatments, doctors and patients
can communicate in real time without having to

visit the hospital.




MEGATREND IN HEALTHCARE

The Internet of
Medical Things
(loMT) Cloud Computing
in healthcare

DIGITAL‘a

Telehealth

Blockchain and Predictive
HEALTH&naIyiics

Smart Logistics,
Unmanned Artificial

Vehicle and Intelligence (Al)
Delivery Robots, AR/VR/MR in
healthcare

Figure 1. Overview of Megatrend in healthcare that will likely be relevant in the coming years in
Thailand healthcare. A novel approach to individual management for hypertension such as The Internet of
Medical Things (IoMT), telehealth, blockchain, cloud computing in healthcare, medical data science,

and artificial intelligence

Note. From Provider-and Patient-Related Barriers to and Facilitators of Digital Health Technology
Adoption for Hypertension Management: Scoping Review. by R. Palacholla, N. Fischer, A. Coleman, S.
Agboola, K. Kirley, J. Felsted and K. Jethwani, (2019), JMIR Cardio, 3(1), p. €11951. Copyright 2019 by
JMIR Publications

© 01 can be used anytime, anywhere .
— ] The benefits of
® 02 c_i-m reduce travel resulting in benefitso the ..
pvirorent: digital health
h le th
e technology
[ J
®

04 often cheaper
05 can empower people to manage J L J b db
their own conditions

Figure 2. The advantages of digital health technology. The image demonstrates the enormous benefits
of digital technology. It is convenient and can be used at any time and from any location. Virtual care
can reach more people than face-to-face care and is frequently less expensive. It has the potential
to empower people to manage their own conditions and even has environmental benefits, such as
reduced travel and emissions. There are online diagnostic tools available, as well as programs that

analyse data from medical devices such as blood pressure monitors

Note. From Integrating digital technologies and public health to fight Covid-19 Pandemic: Key technologies,
applications, challenges and outlook of digital healthcare, by Q. Wang, M. Su, M. Zhang, and R. Li,
2021, International Journal of Environmental Research and Public Health, 18(11), pp. 578-588. Copyright
2021 by MDPI.
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Digital health is important in the new era

The Australian Institute of Health and
Welfare (2022) demonstrates that when used
effectively, digital health can lead to better health
and improved outcomes. It can also increase the
quality and efficiency of information sharing across
the health system, increasing health promotion
via data information and services. In the UK, the
USA and Japan, the digital health approach was
increasingly being used for the management of

hypertension during the COVID-19 pandemic.

Hypertension

Hypertension is a leading cause of cardiovascular
disease, with high morbidity and mortality in
adults worldwide (Kung & Xiu, 2015). It is an
important non-communicable disease and the
leading cause of death globally (Jagannathan,
Patel, Ali & Narayan, 2019). In this condition, the
blood pressure is extremely higher than 140/90
mmHg, damaging the blood vessels. The more
blood the heart pumps and the narrower the
arteries, the higher the blood pressure (Nichols &
Edwards, 2001). Hypertension is diagnosed when
the systolic blood pressure is equal to or above
140 mmHg and diastolic blood pressure equal
to or above 90 mmHg (Williams et al., 2018).
Combating hypertension is a key healthcare
concern in Thailand, where approximately 21%
of adults aged between 30 and 80 suffer from
this condition (Aekplakorn et al., 2012). A person
with hypertension is at higher risk of succumbing
to a heart attack, renal failure, stroke and heart
failure and more prone to cardiovascular disease
(Botdorf, Chaudhary & Whaley-Connell, 2011).
When not treated properly, the risk of developing

diseases such as hemorrhagic stroke is increased.
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It can also result in brain hemorrhage, ischemic
heart disease, heart attack, kidney failure, aorta
aneurysm, among others (Rosendorff et al., 2007).
Most people with high blood pressure are usually
unaware of the disease (Theerapuncharoen &
Theerapuncharoen, 2016). Once it was realized that
most of them were not maintained, partly because
most people are affected by asymptomatic causes.
With symptoms or complications, attention and
treatment begin, sometimes, with poor treatment
results. To improve the health of hypertensive
patients and prevent the development of
cardiovascular diseases, their blood pressure must
be kept under control, blood pressure less than
140/90 mmHg (Thaworn & Samruayruen, 2022).
Hypertension is primarily a lifestyle disease, with
habits such as smoking, excessive consumption of
alcohol, poor dieting, physical dormancy, stress
and obesity being the leading causative factors
(Rai et al,, 2017). In Thailand, some of the diet
that is fatty, salty and full of cholesterol is
common, especially when street food is consumed
frequently (Persson & floodmark, 2017). Coupled
with the fact that a majority of Thai people rarely
exercise, their health is affected, and their quality
of life is limited (Durukan et al., 2022).

Some traditional dishes across Thailand,
from street vendors to high-end restaurants, have
hypertensive effects (Rusmevichientong et al,,
2021). Some Thai food is high in salt and sugar
due to its many other ingredients, such as fish
sauce, fermented fish, crabs with salt, palm sugar
and salt-dried shrimp and high in fat (Photi et al.,
2021).

A high-salt diet can increase hypertension
(Chennet, Jom & Ladda, 2022). Previous studies
indicate that behavioural and dietary changes, including

salt restriction, quitting smoking, increased physical




exercise, appropriate body weight, a reduction in
alcohol intake and lower stress levels, can reduce
hypertension (Tan, Oka & Dambha, 2021). During
the COVID-19 pandemic, medical experts and
healthcare teams used pertinent information to
assist hypertensive patients in effective treatment
and management and to prevent hypertension
in normal people via telemedicine. This can limit
the occurrence of serious medical conditions
such as a haemorrhage of the cerebral artery
or ischemic heart disease, and the likelihood of
paresis, paralysis or myocardial ischemia can be

reduced by controlling normal blood pressure.

Aetiology of Hypertension

Over a billion people are diagnosed with
hypertension. Primary hypertension accounts for
95% of the cases, whereas secondary hypertension
is much less frequent. High blood pressure generally
occurs without warning signs or symptoms. At
least nine million people die each year from
undiagnosed hypertension, which is also called
“silent killer” because of its asymptomatic
presentation. Undiagnosed hypertension patients
suffer from risk of heart attack, heart failure, chest
pain, strokes, aneurysms, cardiovascular disease
and eye conditions. Therefore, early screening is
necessary for a good prognosis of the treatment
in hypertension patients. During the COVID-19
pandemic, the digital health approach helped
to provide information and to make behaviour
changes via telemedicine, preventing serious cases

of undiagnosed hypertension.

The exact aetiology of primary hypertension
remains unknown. However, recent studies
demonstrated that several factors, including increased

sympathetic nervous system activity, an overreaction

of the rennin-angiotensin-aldosterone axis in
the kidney and increased sodium retention
play important roles in the aetiology of primary
hypertension (Riet et al., 2015). In contrast, the
aetiology of secondary hypertension is directly
caused by other medical diseases, including renal
failure, adrenal disease, kidney disease, pregnancy,
hyperparathyroidism, sleep apnoea and other
factors that affect the cardiovascular system,
adrenal glands, kidneys or hormonal imbalance
(Li, Heran & Wright, 2014).

Symptoms and Signs of Hypertension

Generally, hypertension is asymptomatic,
but symptoms can include headache, facial
flushing, dizziness and vision problems due to
the damage of the optic nerve in untreated high
blood pressure. Sudden dizziness, loss of balance or
coordination and trouble walking are all warning
signs of a stroke. High blood pressure is a leading
risk factor for stroke. When symptoms do occur,
they can include early morning headaches, nosebleeds,
irregular heart rhythmes, vision changes and buzzing in
the ears. Severe hypertension can cause fatigue,
nausea, vomiting, confusion, anxiety, chest pain
and muscle tremors (McDonough, Matura &
Carrol, 2011).

Behavioural changes related to practice to

improve hypertension by telemedicine

Typical lifestyles risk factors related to
hypertension are tobacco use, obesity, stress,
unhealthy diet, physical inactivity and alcohol

abuse.

1. Consumption of tobacco: Tobacco use

increases the risk of high blood pressure. Smoking can
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damage the heart and blood vessels, and nicotine
raises blood pressure and carbon monoxide intake
(Singh et al., 2022).

2. Consumption of alcohol: Alcohol abuse
can result in increased blood pressure (Sun, Wang
& Terry, 2022).

3. Unhealthy diets, such as excessive salt
consumption, a diet high in saturated fat and
trans fats, low intake of fruits and vegetables and
a low potassium intake, increase the risk of high
blood pressure. Potassium is found in many foods,
such as bananas, potatoes, beans and yogurt, and
consumption of these foods can mitigate high
blood pressure (Durukan et al., 2022).

4. Lack of exercise or physical inactivity:
Getting regular physical activity keeps the heart
and blood vessels strong and healthy, which may
help lower your blood pressure. Regular physical
activity can also help maintain a healthy weight,
which may also help lower the blood pressure
(Hanssen et al., 2022).

5. Obesity: Obesity is defined as having
excess body fat. Having obesity or being overweight
also means the heart must work harder to pump
blood and oxygen throughout the body. Over
time, this can add stress to the heart and blood
vessels (Andrew, Agbaje, Barker & Tuomainen,
2022).

6. Stress: The body releases a surge of
hormones when under stress. These hormones
cause the heart to beat faster and the blood
vessels to narrow, resulting in increased blood

pressure (Sparrenberger et al., 2022).

Telemedicine for hypertension during the
COVID-19 pandemic in Thailand

Hypertension is mostly preventable and

controllable. Without improvement in healthy
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lifestyle modification and behaviour change
suffering from comorbidities, on the COVID pandemic
has disrupted preventive care that barrier to
management hypertension such as worsening
mental health and unhealthy lifestyle, unhealthy
eating and decreased physical activities. Behavioural
modification and lifestyle changes can prevent
and control high blood pressure (Akuiyibo et al.,
2022).

Before applying digital health to improve
hypertension. In 2020, the World Health Organization--
WHO claimed that the World Health Assembly
presents a roadmap to link the latest developments in
innovation and digital health and put these tools
to action to improve health outcomes. Not only
virtual clinics and electronic prescription, Digital
health can help make health systems more efficient
and sustainable, enabling them to deliver good-
quality, affordable and equitable care (World
Health Organisation., 2020).

These high ideals are challenging to attain,
especially for low and middle-income countries.
The purpose of the WHO’s Global Strategy on Digital
Health is to support countries in strengthening
their health systems through the application of
digital health technologies and achieve the vision of
“Health for AWl”. The strategy is designed to be
fit for purpose and for use by all member states,
including those with limited access to digital

technologies, goods and services.

In this sense, digital health is not limited
to private or luxury hospitals. Although local
and international governments around the world
should develop standard digital health systems,
cover equality WHO is harnessing the power of
digital technologies and health innovation to
accelerate global attainment of health and the

well-being.




Doctors have an enhanced knowledge through
scientific communities of practice: Enabled by
new technologies and no longer limited by the
need for physical meetings or hard copy peer
review journals, the WHO brings together top
expert voices on topics of clinical and public
health significance, especially in the context of
the COVID-19 pandemic.

The role of physicians in controlling blood
pressure is the routine screening of blood pressure,
the provision of education, the prescription
of antihypertensive medication, the screening
of stress factors during telemedicine, and the
screening for other common comorbidities such
as diabetic, cardiovascular conditions and renal
conditions by evidence-based practices, along
with adequate management, follow-up and, if

needed, referral to the hospital.

Implementation of the digital health platform

to improve hypertension.

A recent digital health research from the
Oxford University demonstrates that digital health
technologies, including smartphones and Bluetooth
application to self-monitor blood pressure and
detect early hypertension can be used to manage
these conditions (Kitt et al., 2020). A systematic
review of blood pressure self-monitoring, which
included 22 trials and 6,522 participants, indicated
an improvement of systolic blood pressure with
an improved outcome of home BP since 2011
by the NICE guideline for mature hypertension
treatment. This review also provided evidence
that digital health can effectively manage the
health of the general population.

A study performed in 2022 in Nigeria, “The

effects of behavioural change communication on

hypertension and diabetes related knowledge,
attitude and practices in Nigeria” was based on
interviews and questionnaires about lifestyle-
related screening and awareness risk factors of
hypertension, including continuous medication
(Akuiyibo et al., 2022). Over 12 months, 824
participants claimed that significant changes in
diet, lifestyle and behaviour resulted in a dramatic
decrease in blood pressure and a reduction in

serious cases of hypertension.

The study by the Oxford University in
2020 report that a low- salt diet and behavioural
changes are needed to improve health education
related to hypertension, particularly during the
COVID-19 pandemic. Physicians and other health
professionals can use digital health to collect
medical histories of patients and prescribe
medication, thereby controlling various diseases.
Telemedicine can also be applied in the screening
for non-communicable diseases during a pandemic
(Kitt et al, 2020).

Regarding the application of international
research in Thailand, in the near future, it will be
possible to use digital platforms and scientific
publications across the country and around the
world. Thailand government policies support
disease prevention and health promotion in

primary healthcare.

Effective telemedicine with patients to reduce

risk factors in the virtual clinic

Albury, Hall and Syed (2019) published a
recent systematic review of 17,652 studies around
the world, including the UK, USA, Canada and
Australia. The authors report clinical guidelines
to encourage patients to improve their health

behaviours and state that weight management,
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excessive alcohol consumption, lack of physical
activity, overconsumption of salt and smoking are
major causes of morbidity and chronic diseases.
Regarding the communication with patients
about Health Behaviour Change-HBC), the authors
recommend that the clinicians should be make
conversation by behaviour change talk is smoothly
initiated, conducted, and terminated by clinicians
and this rarely causes interactional difficulty (Albury
et al.,, 2019). However, initiating conversations by
linking a person’s current health concern with
their health behaviour can lead to resistance to
advice, whereas other strategies, such as capitalising
on patient-initiated discussions or collaborating
through question-answer sequences, may be well
received (Miller et al.,1993).

Case studies in this review showed that
clinicians use two clear strategies for delivering
HBC in both generalised and personalised health
behaviour change conversation. These strategies,
and the responses they were likely to receive,

are explored below.
“Doctor: you smoke?
Patient: yes

Doctor: there are somethings you can do these
days that really help with cutting down... with
quitting.. cause that is really something you
should think about

Patient: [5 sec silence]

Doctor: well.. . so. .. how’re you getting along

with the Tagamet so far? seems okay?
Patient: seems okay... no problem
Doctor: no problem... good.”

(Freeman, 1987)
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This review shows that there are different ways
through which these conversations can be initiated
and carried out, which can mitigate their sensitivity,
such as delivering HBC in a general, non-personal
way. We found evidence that is mostly consistent
with current guidelines, providing further details
on how they can be successfully implemented
in practice. However, one practice recommended
by clinical guidelines, namely initiating discussions
by associating a patient’s health concerns and
their health behaviour, is potentially risky and

can prompt patients to resist HBC.

On the other hand, building conversations
collaboratively by inviting patients” views and
tailoring discussions through question-answer
sequences may be well received and can facilitate
patient receptivity (Miller et al.,1993). Clinicians
can adapt themselves to the delicacy of giving
advice that may have not been asked for by
de-personalising it and talking ‘in theory’ or about

people in general.

Clearly, accurate verbal communication can
be effective in the management of hypertension,

particular via telemedicine (Miller et al.,1993).

Evidence-based practice related to improving

hypertension by digital health

Digital health technology tools can be
applied to self-monitoring and tele-monitoring by
home blood pressure monitor models, combined
with telemedicine and behavioural change
communication, for the screening and detection

of hypertension.

Kitt et al. (2020) provide a guideline on the
use of digital health in hypertension management and
implementation, including screening, diagnosis,

management and monitoring of mobile health




applications via telemedicine and virtual clinics.

Asystematic review of the Oxford University and
British National Clinical Guideline--NICE showed
that the summarise all the process how to fit
into future models of care for hypertension in
Figure3 and can use a digital health template and
telemedicine tools to apply in both screening and
management in Thailand during pandemic and
apply to local digital health guideline to care of
hypertension.

The development of the digital health
approach in home diagnosis and hypertension
management in Thailand includes the following
(Figure 4):

1. Technologies: social media, telemedicine,
telehealth, IoMT (internet of medical things),
Blockchain, data analysis, wearable, mobile health
platforms, electronic medical records, artificial
intellicence, big data, connected health, electronic

medical records.

Small wearable devices/ Smartphone/
Tablet Apps: Blood Pressure measurement is an
essential part of the diagnosis and management
of hypertension. In Japan and the UK, small
wearable devices for blood pressure monitoring
allow an early diagnosis. Similar to the UK, using
smartphone apps or Bluetooth to detect blood
pressure Ambulatory Blood Pressure Monitoring
(ABPM) and/or Home Blood Pressure Monitoring
(HBPM) is recommended for the diagnosis of
hypertension in major international guidelines.
In general, blood pressure tends to be higher in
the morning and lower at night. In Thailand, both
small wearable devices or smartphone apps can

assist the diagnosis of hypertension by clinicians.

Software packages can be used to analyse
data from medical devices, improving health care

systems.

2. Virtual Clinics: investigation by doctors
and patients as well as high levels of adherence to
telemonitoring. The use of telemedicine includes
the confirmation of diagnosis, treatment, prognosis,
disease management and behaviour modification.
Along with increased knowledge and education,
telemedicine can be used in the screening of renal
function, retina, cardiovascular function for signs
of target organ damage. By effective technique of
conversation, before electronic prescribing and
make doctor appointment. Security and privacy
are important in the treatment and management
tailored for each individual patient.

3. Supporting healthcare teams, inter-
professional skills in leadership, conflict resolution,
outcomes and patient privacy policy. To improve
quality of care, decrease the costs of healthcare
services and improve access to healthcare, reducing
medication errors. Including computer skills and
Information Technology (IT) technique supports
for patients and doctors during virtual clinics.

Apply both Japan and the UK establishment
of effective digital platforms for self-monitoring
and tele-monitoring of blood pressure for the future
model of detection and the benefits of behaviour
change conversations to improve hypertension
via telemedicine in Thailand. Both of these are
discussed in more detail below (Figure 4).

In Thailand, telemedicine was used to carry
out the three steps for establishing effective digital
platforms for self-monitoring and tele-monitoring of
blood pressure at home, as well as the guidelines
on the use of digital health screening and behavioural
modification to control hypertension in both
screenings for the early detection and effective
management of hypertension. This guideline link
between patients, doctors, and patient families
uses a combination of small wearable devices,

virtual clinics, doctors, and supporting teams.
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3 steps of detection and management
of hypertension at home.

Step Three
Supporting teams
- IT support

- medical re

- privacy policies
Step One

‘Small wearable devices

Figure 3. Management of hypertension in the digital era. There are three steps, which include using
wearable technologies or health applications for screening, early diagnosis and the management of
hypertension at home in the first step. Next, in a virtual clinic in which to confirm the diagnosis and
treat hypertension, doctors should provide patient education in both aetiology, risk factors, symptoms,
and behavioural modification. Moreover, doctors should have good techniques for conversation,
psychotherapy, private consultations, and patient-doctor relationships, all of which are needed to
change behaviour, as well as electronic prescribing, telemonitoring blood pressure, and appointment
scheduling. Finally, support teams can be supported by IT through accurate medical records. Clinician teams
should be encouraged to provide patient education and make home visits if necessary in uncontrolled

hypertension cases

Note. From “Digital health: New approaches in Hypertension Management” by J. Kitt, R. Fox and K.
L. Tucker, 2020, Journal of Cardiology and Cardiovascular Sciences, 4(1), pp. 18-23. Copyright 2020

by Cardiology and Cardiovascular Sciences

The first step is “small wearable devices
for blood pressure monitoring and early diagnosis
of hypertension.” Firstly, hypertension is routinely
monitored through self-screening with smartphone
apps or automated blood pressure wristbands.
Various health applications monitor blood pressure
and may alert users if it is abnormal. New digital
technologies can be developed for the early
diagnosis of hypertension, where patients upload
their blood pressure data to devices such as
smartphone apps or smartwatches. Smartphone
apps or smartwatches can monitor blood pressure.
After uploading and reading their blood pressure,

individuals can be divided into two groups: the
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first group consists of those with normal blood
pressure; individuals with blood pressure below
140/90 mmHg should be recormmended for routine
blood pressure measurement using digital devices.
In the meantime, supporting teams should be
educated on behaviour modification and patient
education to prevent hypertension in this group.

The other group would be called the
abnormal group, where blood pressure on the
first measurement is over 140/90 mmHg, and thus
a confirmed diagnosis is required. The next step
would be to receive a confirmed diagnosis from
clinicians. Generally, Ambulatory Blood Pressure

Monitoring--ABPM is regarded as the most accurate




way to confirm hypertension. However, Home
Blood Pressure Monitoring--HBPM may be used
to confirm a diagnosis of hypertension. For this
confirmation, two consecutive measurements are
required, at least 1 minute apart, in the morning
and evening over the course of 4 days. After the
clinician or small wearable devices confirm the
diagnosis, the supporting team will schedule a
doctor’s appointment in the virtual clinic.

Second step for management and
monitoring by virtual clinics include confirmation
of the diagnosis by a doctor, behaviour modification,
treatment, tele-monitoring, electronic prescribing, and
making a doctor’s appointment for the follow-up
on clinical results after treatment. At this step,
the doctor should encourage patient education
in aetiology, risk factors, and lifestyle modification
through effective conversation skills. A functional
doctor-patient relationship and medical ethics
are prerequisites during the consultation, and
a privacy policy is needed in this virtual clinic.
Several factors influence high blood pressure,
such as environmental factors, physical activity,
psychological stress, diet, and behaviour. The
management of risk and protective factors (including
the aetiology, symptoms, and signs of hypertension)
should be prioritised in order to decrease the risk
of hypertension.

Normally, hypertension can be managed
in primary care clinics. During a telemedicine
appointment, the physicians review blood pressure
and the risk of cardiovascular diseases and may
commence antihypertensive treatment by
prescription; the patients may submit home
readings. Physicians need to prescribe hypertensive
drugs based on factors such as the side effects
of the medication, the blood pressure control
status of patients, comorbidities, and the risk of
cardiovascular diseases such as diabetes or renal
disease. Management also involves screening renal

function, retinal function, and cardiovascular

function for signs of target organ damage. In the
case of complications, it is necessary to travel to
the hospital. Clinic appointments are conducted
through online interaction with physicians. The
physicians have online interaction with patients,
discussing the amount of salt in the patient’s diet
and the knowledge, attitudes, and behavioural
changes that can aid in managing hypertension.

The third step for the supporting teams
should be to help doctors maintain accurate and
private medical records, provide IT support for
both doctors and patients, and make the next
appointment at virtual clinics. In addition, clinical
support teams can assist patients in self-monitoring
and tele-monitoring their blood pressure if they
face problems during treatment using digital health
platforms. Moreover, information about patients’
knowledge and behaviour change programmes
should be encouraged online. Normally, virtual
clinics provide online interaction between patients
and healthcare professionals in a private atmo-
sphere. The families of patients are an important
part of patient support for both psychotherapy
and compliance with hypertension management.
However, patients with uncontrolled hypertension
needed home visits by healthcare teams as an
optional recommendation. Patient home visits
and digital platforms can help prevent serious
complications.

However, in Thailand, there are some
limitations to this approach. First, some elderly
patients with a low education level find it difficult
to understand the digital health approach. Second,
smartphones or smartwatches are expensive and
cannot be afforded by patients with low incomes.
Finally, nowadays, although digital technology
has improved considerably, it is mainly used in
private hospitals and medical school hospitals.
Moreover, further research in Thailand is needed
to improve technologies and standardize digital

health intervention.
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The potential of Digital Technology and the role of clinician by Digital Health to Improve Hypertension
in the future models. (Benefit for Health Check-UP, Early detection hypertension and management of HT)

A
Self-Screening with smartphone apps or automated blood pressure wristbands; hypertension is detected routinely.
(Hypertension is diagnosed when the systolic blood pressure is equal to or above 140 mm/Hg and the diastolic blood

pressure is equal to or above 90 mm/Hg)

N

Diagnosis of Hypertension with Artificial Intelligence (Al)

[The new digital technologies can be developed for the early diagnosis of hypertension when the patients upload their
blood pressure data to reading devices such as smartphones apps, wrist watches or Bluetooth. Smartphone apps or
smartwatches can monitor blood pressure.

Il

Confirmed Diagnosis by Clinicians

Generally, ambulatory blood pressure monitoring (ABPM) is regarded as the most accurate way to confirm
hypertension. Home blood pressure monitoring (HBPM) may be used to confirm a diagnosis of hypertension. This

requires two consecutive measures at least 1 minute apart, morning and evening, over 4 days.

il

Management and Monitoring by Virtual Clinics

Normally, hypertension can be managed in primary care clinics. During a telemedicine appointment, the physicians
review blood pressure and risk of cardiovascular diseases and may commence antihypertensive treatment by
prescription; the patients may submit home readings. The physicians need to prescribe hypertensive drugs based
on factors such as medication side effects, status of control blood pressure, comorbidities and risk of cardiovascular
diseases such as diabetes or renal kidney disease. Management also involves screening renal function, retina,
cardiovascular function for signs of target organ damage. In the case of complications, it is necessary to travel to the
hospital. Clinic appointments are conducted through online interaction with physicians.

!

Self-monitoring/tele-monitoring/patients” knowledge and behaviour change programme

The Physicians have online interaction with patients, discussing salt diet, knowledsge, attitudes and behaviour changes
to manage hypertension.

Normally, virtual clinics provide online interaction between patients and health care professionals.

Figure 4. The effective digital platforms for screening, detection, and improving the management
of hypertension in Thailand. The guideline on the use of digital health for self-monitoring and tele-
monitoring of blood pressure for the future model of detection and the benefits of behaviour change

conversations and behavioural modification to control hypertension via telemedicine (Kitt et al., 2020).

Note. From “Digital health: New approaches in Hypertension Management” by J. Kitt, R. Fox and K.
L. Tucker, 2020, Journal of Cardiology and Cardiovascular Sciences, 4(1), pp. 18-23. Copyright 2020

by Cardiology and Cardiovascular Sciences
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Conclusion

In conclusion, the currently available digital
health technologies are the way of the future in
the management of hypertension. Further research,
wearable devices and smartphone apps for blood
pressure measurement are required for accurate
blood pressure monitoring. Privacy is needed on
digital health platforms. The benefits of behaviour
modification and behaviour change conversation
can reduce the occurrence of cardiovascular
events and the serious complications in patients

with hypertension.

Digital health has various beneficial aspects,
particularly in health promotion and the management
of non-communicable diseases during a pandemic.

Additionally, this approach can considerably

4

reduce hypertension and co-morbidities with

accurate and effective verbal techniques.

Digital health platforms can effectively
manage hypertension, including self-monitoring
and telemonitoring patients in Thailand. However,
new technologies or Al need to be developed,
and health professionals need to understand the
use of telehealth and digital health.

Importantly, a functional doctor-patient
relationship and medical ethics are needed during
consultation. Moreover, knowledge and decision
making in the field of hypertension management
need to be combined with psychotherapy, home

visits and cooperation with the patients’ families.

&>
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Abstract

Call center gangs are economic crimes that take advantage of fear and greed. They have been going on
for a long time, but they have expanded widely in Thailand since 2007. When smartphone technology
and mobile banking became more popular, they developed a form of deceiving victims with modern
technology that became a cyber-technological crime. This article explains the history of call center
gangs, social engineering tactics to deceive victims, a new scam of call center gangs based on the
concept of cyber kill chain, the problem of mule accounts, preventive measures by the NBTC Draft
Royal Decree on Measures to Prevent and Suppress Cyber Crimes, the operation of fake applications,
prevention, and coping to understand new deception tactics and raise awareness to reduce the risk

of falling victim to being deceived until losing your property.

Keywords: call center gangs, cybercrime, information security
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Abstract

Breast cancer is the most common cancer in the world, including in Thailand, where breast cancer in
the early stages is stage 0-2, which can be cured and has a 5-year disease-free period of about 80-90
percent. Therefore, early detection is important for patient survival. Moreover, appropriate diagnosis
of the pathology of cancer cells is a base for therapeutic plans. The main treatment is tumor removal,
and Sentinel Lymph Node Biopsy--SLNB is a benefit to prevent lymphedema in patients without
metastasis. The survival rates of Breast Conserving--BCS with radiation and a mastectomy are not
different. After that, adjuvant therapies to prevent recurrences were considered, such as chemotherapy,
radiotherapy, and anti-hormonal drugs for 5 years. Tamoxifen is effective for premenopausal women,
and Aromatase Inhibitors--Als are for postmenopausal women. Moreover, adding OFS with Tamoxifen
or Als will be beneficial for high-recurrence patients. Planning pregnancy after breast cancer treatment
should be discussed before starting treatment. Genetic counseling should be provided for BRCA1/
BRCA2 gene-positive individuals. Most patients are able to stay at home during long-term treatment;
however, proper self-care will be done to manage serious side effects such as decreased immunity
after chemotherapy and endometrial cancer after Tamoxifen. The patients need to take care of

themselves to be strong both physically and mentally for effective treatment and a good quality of life.

Keywords: Breast cancer in early stage, estrogen receptor positive, self-care, patient
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Abstract

The data visualization will display the information in the form of charts or graphs in various formats.

The data visualization tool makes the data presentation clear and enables rapid analysis of large

amounts of data. The purposes of this article were to explore the types of data visualization,

analyze the suitability of data characteristics with the types of data visualization, take precautions

in organizing the display, and create data visualization tools to use as guidelines for creating useful

data visualizations.

Keyword: data visualization, information, chart, graph
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What Makes a Good Visualization?

INTERESTINGNESS

relevant Story

ingful
el (concept)

= research do

INTEGRITY
accuracy
consistency
honesty

information
(d(th) * outline

* schematic
» wireframe

explicit implicit

USEFULNESS
useable
fitting
efficient

« proof of concept
« script - prototype

template
BEAUTY
structure
appearance
harmony

visual form
(metaphor)

successful
visualization

boring

information

the art of journalism
structuring & harmonising information

David McCandless
InformationisBeautiful.net

AN 1 29AUSENBUVBINSYIN Data Visualization 7if

« eye candy
* data art
* pure data viz

taken from new book
Knowledge is Beautiful

rough sketch «
art+

visualization

the art of design
structuring & harmonising visuals

find out more
bit.ly/KIB_Books

Note. From What makes a good visualization?, by David McCandless, 2015, retrieved from

https://www.informationisbeautiful.net/visualizations/what-makes-a-good-data-visualization/
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Vielin Density Histogram Boxplot Ridgeline Scatter
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Correlogram Bubble Connected scatter Density 2d Barplot
— | ]
4 . W2
fmovs (R m 4 x
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Spider / Radar Wordcloud Parallel Lollipop Circular Barplot Treemap
Venn diagram Doughnut Piechart Dendrogram Circular packing Sunburst

A 2 mstiauetayalin N UL UULHUE
Note. From An overview of all the graph types, by Data to Viz, 2018, retrieved from https://www.

data-to-viz.com/
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Note. From How much international trade does Thailand have?, by Data Innovation and Governance

Institute, 2022, retrieved from https://digi.data.go.th/showcase/international-trade-in-thailand/
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Scatter Plot

Bullet Chart

Bubble Map

Radar Chart
. —

Donut Chart / Doughnut Chart

A 4 fegeunuuiiliduansdoyaidenin (Data visualization)

Note. From How to choose a chart for the audience to understand easily, by Meow, n.d., retrieved

from https://blog.datath.com/data-visualization-mindmap/

Uians Inkeaw (2021) Tauuztilunmsainenn
nndeya ilelvmsiiausdeyaienmiusyavam
fio (1) dudmnevietgUsvasdvesnisadrenin
Hosia orvmenn ot ndiihRan fadammdeya
vt fidesinauedoyaluyuuessiig 9 ietnllg
nsvssauimanevieneudiawiinild (2) e

(% [V 7

AAYAUATULAZAUADINITVR Y Lagnilads

sEAUAINIVIEAI T YNilag N uLaUD

=

Payanansafaauuazyianudilaldlagde wag
psefuANFBants nandeanslddmsinianaia
vIednesge (3) nenldgunuunisuaninmdeyali
wingau lagfiarsaudenguluuwiunnlisngay
fusiindeya anunsouansdsiidesnisiiausuazii
Tugthmnels Ssffadrsnndeyarziosinudnuas
vosteyaiithsnansmwiueensd Snuaziilonsuany
adeyagUiuLne  ieazamnsadenguuuuunun il
pgawmza (4) asnmdeyalilianudniau azenn
wazidenldesAusenauvaaunllvivgay daue
Toyaldegensaseidiu dansnnudsilisndueen
wazitiuangludeiidosnsinauewingu (5) don
wuudnws Yuna uazd vesesAusznauluununInli
Wanzay a1unsastukasdunaladte dainunude
uaziAnAINAvesiundsognedniay

INITYVBL NUAYUN LA UAzAME Sena
et al. (2020) insAnwuuImansUsEyndldnng
afunndoya (data Visualization) veunadnumy
waludsemelne Han153den ndayadiuiu 1,500
A nurdnunumageniyy 911 15 W WUl
sUnuumsasenndoya iwuanndiga 3 Susuusn
A8 UHUNILYI (bar chart) Seeag 31.5 WnuQienay
(pie chart) egay 18.5 uag UWHUYILHY (line chart)
Yoway 12.4 Fansadanmdeya desduszneundn
fio (1) Founugil (chart title) nefis domnuiua
vanfeuszLamveunugiifly uazteyaiidesnisoy
thuaue (2) unu (axis) vaneis uluwudaldidy
wndrsdslunisuansandeya wasiduluuuuouily
wansnnievavyvasdoya (3) Jounu (axis title)
vunefe AiilduanssiwaziBendeyaiioguunny
LaRILATLLILDY (4) i’]w%aﬁﬁaga (label) vaneiis
Ailtuanisaziduadoyaudazyn (5) AoSuieyn
1838 (legend) nunedia AeSUIBNTWIUAYaNYal
YITBYALARZYA LAz (6) N1sunUUSINaTaYAn Y
AMNEY/IUIR/dRd11/ANe1Ivesd AN
wuneds T3snsunuliuiadeyalaeiduluniung
NEYBUNUIUAYTELAN
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wenINANMUATUTIUYBIBIAUsEnaulung
afanmdeyaud SslisvaziBuniinasileddunis
a¥unindeyadn unanudiseiaueuuamanisda
sunuunsuansteyadmiuusunfindealy sulsun
wrufiuvie usugianas wazusugiidu Ssiseaziden
fail
uNUNALYS (bar chart) wisnzdmsulduans
feyafifimaasuuasmuriman viiemaSeuiioy
JEnIedayanaleyn Wi 91wy Wesidud ven
MYYDIFUAAaTUTENN T1UIUUTEVINTVRILARY
Fardn MToNaNUUUAITIV UUUADUDIY UAAITIY
AzLBYARININ 5-6

uNuNR9NaY (pie chart) IdivaiUTouiiey
USinaesteya lnedeyausasiunieasiinnuduius
fursnaunans sinAwindeyalvedlusuvesiosas

PAGE VIEWS, BY MONTH

viewosidud Wldvisdoyalineiilas (discrete data)
wazdayasiaLilad (continuous data) Nz msy
yadoyaduiuliuin Lﬁaqmﬂmﬂﬁﬁi’fayjaﬁ‘hmuu'm
ez liensenisiUTouliiou wanesnoazidunna
a1 7-8

wnuniidu (line chart) 1Wifiouanstayad
fnsiasuuladlununan Tnsazldfudeyasioiies
wuiiduazdglunisuanaLwilidi (trend) 8951013
wiule (acceleration) N13¥¢aeda (deceleration) way
AMUNUNIY (volatility) WU gUayasiAnaIngu
auuiliuganuersesnramly luudauiieu lnsina
v3el Fawunldiuamnsoviunedeyafiazifnlutig
nandalule mslifugateyaiifartiosndn 50 fuds
uazdimgagauazsanliiimetuinn uansoazidends
AN 9-10

UNUQIUISUUIN (vertical)
wnednsudeyanilueynsuian (time-series)
AFesddudayaandgliam

250
200
150
100
50
)
AN FEB MAR

CONTENT PUBLISHED, BY CATEGORY

uHugiiuvisiuueu (horizontal)
wngdmiudeyanitenidesnd
euansdanuliognsuiou waveude

Thought Leadership

AW 5 uauiumie (bar chart)

Note. Adapted from How to design charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts
and_Graphs.pdf
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astdthemiiu (labels) wuauou
a vy Y 4 '
wandeansiddennuuuldiuilesaineiuein

b ‘ ﬂ AY5IUTBIINTEUINWIN S B 1 ULNT AL
= FosinesEninauiansmasiissoyinensanile
- N

2939ANUN 19BN
F’ ’ AITISULAN Y 7iA7 0 Lawe
WMIIENsIsULanIAIrastayannnInEug
agvhldnsuanmalinsatuaiiugiass

AsldReY udenalddduiiouansdayaidonisidu
Iilaarundtlunsinauald

e [}
— msdnsesfoyavndesluun viemuddudidns
n3eLTeemuTnnsdny

éj nsuannadeyauInuazay
i muadreduavvanduuinase

AN 6 LI sIagULuUNIsLansdayadmIuLKuNiuY (bar chart)

Note. Adapted from How to design charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts

and_Graphs.pdf
UHUNIAINANNINTZIY (standard pie chart)
lHuansdndiuvesdeyafiduiusiu nasiudodidndu 100 waue

AN 7 uHugienau (pie chart)

unugiilatin (donut pie chart)
aunsaldteanuiisifunsanmnsiin nssnarawesisnauls

Note. Adapted from How to design charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts
and_Graphs.pdf
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NTIAADUHATINYBIUKNUATHTAMNTUL00%
uazwdauiivunsInNdnEIy

' o a < v
ldasldunugiivnaniiewssuiisudoya wszidunisenn
< < - a > a
fagnsiTeuifiovtudiuvesunugiininay asldunugiiuve
nIBuNUIUaL USRI

misliuansdoyaiuuslaiiiu 5 vinany mnfingudesunn s
ilmnuiraulavesuuniianas assudeyaiilundudn
wazdatody “8u 97 wie “Other” Tnedosiuladnlaiviilv
toyailidudiuddymely

msInGsdduvetunugioguninzay
a1audenmsdniies lnenstulngfignl dunis 12 nim
2o 4o " o s
FuiwdeSsamuduwnin nunnludesniudidu

AN 8 LUINNNITIRFURUUNISHanIayadnSuLKUNIINaY (pie chart)

Note. Adapted from How to design charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts
and_Graphs.pdf

DIRECT MARKETING VIEWS, BY DATE

unuiitdy (line chart)
luanstoyaniinsiudsunualumanian
: Mmliiiudngegauagiagnlaedisdniau

A 9 unuQilLEy (line chart)

Note. Adapted from How to design charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts
and_Graphs.pdf
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W APPLES

ATldiduiiu
o % °o a0 v a a ' v
Wesnidulsyuazqnonvhliidvauslunissuld

AITTUANU Y=0 taue Mndeyaiianuiuniuley
DY - v o &£
livfuainaieuanualataiauiu

ldasndonnsvunnndy 4 u winduduasuenuuugl
o o '
WansuananisiuSeuLieuinnia

adshanatheFengunsiu
ylinauiiudreninldlindrasueldnm

msldanugeivngan unugiiduasldiunussuuaes
luauvesainauuunu Y

AN 10 LWINNFIAFULUUNTLAAITBLAGMTULHUYILEY (line chart)

Note. Adapted from How to desien charts and graphs, by Hubspot & Visage, 2023., retrieved from
https://cdn2.hubspot.net/hub/53/file-863940581-pdf/Data_Visualization 101 How to Design Charts

and_Graphs.pdf

WAS09laNI¥a519 Data visualization

w3nadlovserenduisvisulasoyalidu
AN YrwAUINLATATUNS Landna ba luraleli
sufaansiliuvesdoya Yreliiiaseideys
Fununnliiitu dnezuanawadeyaliegluguves
ununfvsonTlusUnuung 9 ilinsiausdoua

?J v v v ! ! Y

loRgwu Tuunanuilvesndiegraasesdieldlunis
@314 Data visualization f9il

Microsoft Excel 1 Julusunsuuszansiussian
spreadsheet fianuisaasiuaziivdoyanugiu

dmfumsliauinly uagiilsddurelinisinaue
foyarnaulald dofreidulsunsuiiliaude Gous
e wallvednfnnazvinanudavgulunisasne Data
visualization \flesanlailafinsesilefvaesnuuy
Tnganz o 11 Judegninisadi Data visualization
IngWewinyadayaatinisuiduazdisandun
seninsUsznavotingl 2561-2565 a1niiulesan1 iy
WinNTIULALSTIINAUIATRYA (Data Innovation and
Governance Institute, 2022) wazldlusunsy Excel
afaunugiidauenanisitvesusemelng U 2565
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Google Data Studio feidunsosiioBudu
ﬁm%fmﬁﬁaqmiﬁw Data visualization 18184910
annsaduiunsTianulens IneldUaswaves Gmail
Tun1sldau W wiuasiseanuandeyaduay
Tegluguvostoyaianmiiinladne annsofstoya
PNHANS9TBUIeI Google undaszrinazvinnle
fumnnaslhdonldau dmsuindesdietaviulli
nmIsuukaziiauedeyasenundunatuesa 39
ffeddnluizesnsinszsidoya fets Google
Data Studio AN 12

Power Bl insesiiolinsngvideyamagsiia 90

Microsoft @nansaidauseiulusunsudu 9 ¥09 Microsoft
16 safudeyalugunuunng 4 wu grudeya viselnd

A B C D E F G

1 ‘ us:zina yafimsm | msdvaan mstun qamsm o Date

2| % 2777993.115| 904403.4274) 1873589.687|  -969186.26| 2565  1/1/2022
3 35 d 1710914.661|  1240667.89| 470246.7712| 770421.1186| 2565  1/1/2022,
4| du 1552567.636|  642091.3936| 910476.2428| -268380.8492| 2565  1/1/2022,
5 | anady 713684.9745| 335443.6176) 378241.3569| -42797.7393| 2565  1/1/2022
6 | anigomiued 569525.2126|  87819.7153| 481705.4973| -393885.782| 2565  1/1/2022
7 | dwauw 548938.1782| 341214.2871) 207723.8911|  133490.396| 2565  1/1/2022
8 | Sulaildy 540791.9691| 279522.5273| 261269.4418|  18253.0855| 2565  1/1/2022
9 ol 499219.1407|  283363.425 215855.7157|  67507.7093| 2565  1/1/2022
10 | snlv$ 497004.8289|  276450.992) 220553.8369|  55897.1551| 2565  1/1/2022
11 | Suile 4732236712 278053.2177) 195170.4535| 828827642 2565  1/1/2022
12 | il 440529.0128 171978.0544) 268550.9584|  -96572.904| 2565  1/1/2022
13 | Tiwdu 436315.0652|  122995.5425| 313319.5227| -190323.9802| 2565  1/1/2022
14 | goam 348323.5585| 267075.3367)  81248.2218| 185827.1149| 2565  1/1/2022
15 | fEudud 297195.149| 193458.5371) 103736.6119| 89721.9252| 2565  1/1/2022)
16 | angoiuaud 284359.3572|  97105.5111) 187253.8461|  -90148.335| 2565  1/1/2022
17| 8uq 3981833.539| 2002173.922] 1979659.617|  22514.3046| 2565  1/1/2022

AN 11 Fp819lUswNSY Microsoft Excel

#1499 uanswaldaneuRmesuargUnsainn Yo7
Ao Tmumwanliidenvarnvatgzuuuy Yednfn fe
12i5995Un151HNURIUTEUU MacOS fognalusinsa
Power Bl A901M 13

Tableau 1Huirdasiietreioyauiiases
azuansnaldegsiiuszdnsain finTeaienld
Anseideyaldvainvatedii susuunsldaude
sessunsiinfstoyanvanegutenya WU Microsoft
Excel Microsoft Access Firebird 2.0 IBM DB2 MS
SQL Server figuuuumsthiauesenuitasany thla
e Wamldaseun Windows wag MacOS Fogns
lUsunsy Tableau Aan 1w 14

qamsAwavus:inAlng U 2565

20000 100000 800000 600000 400000 200000 o 200000 400000 600000 800000 1000000

Note. Adapted from How much international trade does Thailand have?, by Data Innovation and

Governance Institute, 2022, retrieved from https://digi.data.go.th/showcase/international-trade-in-

thailand/
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SAMPLE REPORT - MAKE A COPY TO EDIT

vayaSusiu
~ l o 16 5.A. 2022 - 14 u.A. 2023 -

Adnaldantaya Universal Ai

Marketing Website Summary Data From Google Analytics
Users Sessions Pageviews Bounce Rate
48910 63,222 271,240 47.2%
1-33.1% §-36.3% 4 -46.6% t9.7%
How are site sessions trending? What are the top countries by sessions?

0 o ¢,
16 5.A. 2022 265.A. 2022 53R, 2023 5T ._. -~
215.A. 2022 315.A. 2022 108.A 2023 ¥
— Sessions Sessions (30 furiouwilil)

Which channels are driving engagement? ; £ g
Goal: Engaged Users 1. United States 30130 |

2. India 6677 W
I Sessions [N Pageviews 3 Canada 3131 )
ot 4. United Kingdom 2658 |
5. Japan 1212 |
Paid Search 6. Germany 1,208 |
7. South Korea 1,199 |
Display 8. France 1,082 |
9. Spain 1074 |
Afiiaten 1.. Singapore 1021 |
0 50K 100K 150K 200K 250K 1 Talwan 870 |
1 Netherlands 859 |
Engagement by Age & Gender bt ndl.
1 Hong Kong 518 |
18-24 1 Australia 512 |
2534 1. lhaly 495 |
35-44 1 Brazil 480 |
45-54 1 Mexico 444 |
55-64 1 Indonesia 422 |
65+ 2 Poland 414 |

® du 0 20K 40K 60K 1-20/184 ¢ >

midandoyasiae: 15/1/2566 1520:44 | wlpnuamnuiiudius

A 12 @a9e1elUsInNIN Google Data Studio
Note. From [Sample] Google Analytics Marketing Website, by Google, 2023, retrieved from https://
datastudio.google.com/reporting/0B_U5RNpwhcE6SFES5TENURNCAUjA/preview/
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File Home Insert Modeling View Help

GhelbElR PR 4R EE 4

Pa Get Excel PowerBl SQL Enter Recent Transform Refresh New Text More New  Quick Publish
datav datasets Server data sourcesv datav visual box visualsv measure measure
Clipboard Data Queries Insert Calculations Share
Il OVERVIEW $5.3M $5.3M $2.6M $23M $3.3m $21.8M < SRy Py
Sales Report Visualizations
Units by Country and Sales Size Sales Amount by Brand
] Key influencers Top segments. 5P i Chasiia Z s < E II.B E Ilﬂ E
o8 Winat inences NSAT t be ’ e | N o QMR
=8 2 - L
o~ FMELEOO
| ¥ a»@mE
i — " EE@ R P
& - : A0RG -
UnitPrice & 1969 - 190 any
s
' - T pes
° - :
Marutacturer is Litware, iC. L]
Units Sold by Year, Quarter and Manutacturer ‘Sales Amount by Year, Month and Brand Name
. _. $500¢ =
ok o
Values
smatpetin ..
Add data fields here
Marutszurer iz Contere )
Drill through
e ﬁ.‘ > Cross-report
off O—
oveview B Keep all filters

Page 10f 1

2N 13 Aleg19lusunsy Power Bl
Note. From Sales Report-Power B, by Microsoft, 2023, retrieved from

https://powerbi.microsoft.com

Home Execuive Summary Warehouses Avalabilty Excess Stock Missing Stock  Historical Status  Stock Coverage  em  Adhoc

Inventory Dashboard Al

Executive Summary
ntory as of November 8, 2022 B STOCK-OUT W BELOW SAFETYSTOCK M AT STOCK OVER STOCK Show Inventory by | Position
What is our inventory status by warehouse? Show Positions D What is the evolution of our inventory Positions?
56 272
Positons

WH Chicago

BELOW SAFETY STOCK

WH London
AT STOCK

WH New Delhi L
S efosn/ Now21 Jan22 Mar-22 May-22 N2 Sep-22 Nov-22

STOCK-OUT
8 fostionts
-

Are we efficiently mobilizing our capital in our inventory? > is our capital inour » How is the total value of our inventory evolvis ng’
253 s2sau
$25.4M whseatve [ 5 7 v osm(] $ s206m
Total Inventory s21m
=) whenicogo [N s v :hs Oszom _
wiiNew Deini [ s+ ov w  [Js
$6.07M Wiiondon [N sew [ t, . s
I wiistoosel [ 3% [Jsosm  [Jsrom
—. oS iniee  WsingSiock Ameunt

AN 14 fegelusunsu Tableau
Note. From Inventory Dashboard Executive Summary, by Tableau, 2023, retrieved from https://www.

tableau.com/products/new-features
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Abstract

This research aims to: (1) create an appropriate hybrid forecasting equation for each type of aircraft;

and (2) forecast each type of aircraft. Each type of aircraft’s data is collected from Phuket International

Airport over a period of 336 hours (14 days) for train data and 24 hours (1 day) for test data, and then

the data is analyzed by Microsoft Excel and Microsoft Visual Basic for Applications. Result found: an

appropriate hybrid forecasting equation comes from the simulated annealing algorithm and the gradient

descent algorithm, which afterward forecasted all types of aircraft. Code B is 100 percent accurate;

Code Ciis 82.53 percent accurate; Code D is 100 percent accurate, and Code E is 100 percent accurate.

Keywords: Air transport, Forecasting, Air traffic, Airport, Aircraft
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Trusnisluaiuaen ANMUNSaUYBIDINNALIUY LAY
N159ANI551357M199101@ (Aksornkitti, Santisiri &
Wongwiwat, 2020) Waimnanunsavinliifieau
AssraaIudl9dunisuseniadomamannau
anuan1IENIBINIATIARIIN N AeIUlA S e 28

(Huangsuwan, Chansawat & Noitonglek, 2022)

Mndoyanana1vilviaaeidelaaulalumy
N153AN153519 50 INARSLARAR v NAALaE 19l
Dumemsiuggrnenisteuimsiaietnenisasas
NNDINALAZEUTINITLAURSIUIENTNEY YBIUTEN
gnsduuvisdseimalng 3189 (Aerothai) wuin
N1TUSWITENINAGDINITIIIVINIDINTA (Air traffic
flow management--ATFM) tdudaufiddalunis
é‘fmﬂmiwﬁﬁmqawmﬂﬁﬁaﬂ‘ﬁaa&aﬁﬁmummﬂmu
luawiandmiunisaiiuey lussdugnsenans
seAunounN1TUURNY uazseauiuufuinay wu
emAeu awnsatteyanisnensalluinuay
nsa¥ed Ul msuuUgvaisomstlagans

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i g g atuinermansuazinalulad

ateni1Tiu %’quma@mmﬂmu a19n150U @11150

o v

dayalunnaunuduniinnu wagn1siee1n1egy

Y a

AnAneINAEIY aunsadideyaluinusunsesniuy
91nFeUluOUIAR LarNITIANITITIVNINIIOINIA
lngidayaluldlunismaununislduiui uazdn
avumsameremAgulseenaiuszansam Wusu (w.
Arthakamol & W. Sriwong, personal communication,
July 4, 2021) 3nMsdunealfena I inuE e
aulaludrunisneinsaldslanumuissunssulu
Besfinan w1 nuitedwlngasldizdasunu
(quantitative method) Iaen1siin1sne nsainu
oyNTUIM (time series) unUIguiiisuiuiiioniy
Hlaliadsransnmlunisnensalldffian wu o
798903 Chantrapha and Kantanantha (2021) anu
AUAUTUSLTIA19) (casual models) W 4133
294 Netisopakul and Supasa (2019) Tusunisua
NENUIENINBUNTUNIA WUINLITEYD4 Sutthison and
Haruay (2020) AN SNENNANUTENTNOUNTULIA
AUANUFNRUSITIE1MY WY 1143T88s Ventura,
Pinto, Soares, Luna and Gioda (2019)
MntuAdeldmdayanisneinsaisiuy
prn1ag uluUssvalng wuln d9re9uneinsal
AIUABINITAUNIINNDINIATEIUTEINA TaYilaY
drilnaunisiunaiFounslszwelng saufuniay
q’mﬁlﬁm%’m (The Civil Aviation Authority of Thailand,




2020) l§vnswennsalsuauenAs T sluUsEme
WS UsEmPRUAR WA 2563-2572 sHavhenneeny
FINNNTUTINDINIAYIULAZEINA UTEN Y1181N1ABIU
Ine 910 W) Lissuipsuauadslaifinnsnensal
oMAEULAaTUsTIAN avtun1snennsalenniAey
usazUsznnIaduresing (gap) luniswensalves
nidudEedd lnggIdeaznensaloniAeuLAay
UTELANAIETINITHANUNAIUTENTDUNTUANY
AUFUNUS @A)

o

AUILEIANITIVY

1. 1A 19EUNISNEINTAINUIUBINALIY
MAULAULARLUSLANAIEITHAUNEU

2. NBNYINTUIIUIUDINAL T ULAAZUTELAN

u,mﬁwqwﬁﬁtﬁlmﬁaa
UTELAYOINALIUAIUSHED 19D 9YINDIN AL
Inqusrasdvasiadneds fliloiedessndaimun
F19 9 5ENINDINFLIUAUSNBULZVDINIIDINIAYIU
WielhemeeumunassnenLaEnInTNzEN
fuormeeuiiazanldusns Fzulaszanerneey
#aust Code A-F e Code A fimnuemtniesnin 14
LAY SEU¥YOUAUUBNVDIEE 4.4 LUAT WU 81N1ABY
\A3898UALABINNUTEIAN Code B flaauenadn
UYAI 15-23 LUAT TLULVOUATUUDNUDIRD 4.5-5
WAS WY Bombardier wag Saab 1ufu Code C &
AUENUNUDYNIT 24-35 LUIAT T2 ELUDUATUUDNVDI
49 6-8 LUAT WU Boeing737 uag Airbus320 Jufy
Code D fiaug1aUnilaunin 36-51 AT 538898
PUUDNTVDIAD 9-13 LUAT LU Boeing767 Wa Airbus300
Wudu Code E fanuennUnidasnin 52-64 wns
STUTVDUAUUBNTDIGD 913 (1dlau Code D) LUAS
LU Boeing777 uag Airbus350 1ufu uay Code F
fAuenUntesnii 65-80 LWAT STUTVDUATUUBN
28389 14-16 LUAT WU Boeing747 Airbus 380 uay
Antonov u@u (The International civil aviation

organization, 2018)

A1INENSAILUU Holt-Winters 33Ti3n8ndewiain
wndlluueauuuuSuiSeuninm (triple exponential
smoothing) JuisfiMaunanvetendluuudea
wuuUSuISeu (exponential smoothing) 10un1s
wensaloynsunanfifianaedeulmanuuiliuay
§9Ma %aﬁﬁgqgﬂLLUULLu'ﬂﬂmqaﬂmema (additive
method) kazkuuaas (multiplicative method) lag
Tdausulmiou 3 a1 laun woadn (Alpha) o 60
(Beta) B unaish (Gamma)y Tneia 3 Aazilmegsynin
0-1 et o WuruSutmtindnsuuualdu B dum
Usudmindmsumanuaatiy uay Y Husnusutmiin
dwmiuggna (Hyndman & Athanasopoulos, 2021)

F, =L +®B +S (1)
L= 0%(Y=S )+ (1- L +B) (2)
B =pAL-L )+ (1- BB, (3)
S = yHY-L) + (1S (@)
Tni

F. Ao nsngnsalluniamiagounan

L, Ao msAnnanuwnldumielagiu

B fio MsmuwmaauaIntumiedaqiu
S fAe msmuwinmaAggnianiiedagiu

vy fie Swauenieuss e dagiu

K fie Snudmsunisneinsallueunan k v

ts  fie Anganaluggniafiniuanlugisiadediv

* = n3n ()

A1TUSUAIMYINTAIANENNITONDDELTIUE U
92133 151ndeuasmuniudy (eradient descent)
dmuismsaeuamuanuuiduiEmaiene
auflgelufuaunisiitiauaun luiiddonismeaives
¢ fU m vasaunsnIsanaeeduduiivhlinanisia
Uszansawluniswensalfiawanntiesiian (Menon,
2018) INFATAUNITLAUATY

Y=mX+C (5)
INFATAIUVUAINTAUTU m Uag ¢ lalay
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m=m-L*D (6)
c=c-L*D (7)
Tnedi

L =0.001

L o
Dm = T;xl{}-: — ¥i)

n
_2 ) .
De = ?:E—an = yi)

C = RAVDLAY v
m = ANUTUIDILHY
x = Mmulsdasyvesdoya

y = fundsnuvesdoya
n = S1IuR A
Yi = A1999RUTeu
Vi = edildannnisnensed
Xi = A0 ILUsAuY
* = 3R ()

SINYDIAIAAIALAABUNIAIADILRAY (Root mean
squared error--RMSE)

(10)
RMSE =

13 i -

=1

Toed  n Ao Sruunavun

fi A9 ANEINTal

oi Ao ATIAse

S AB HATINYBINARINTEUINATINGINTAUINU
AN39YNAAEDY

galaaiisdanesiu (Hill climbing algorithm--
HCA) BunsAummnauwuUnNeAdneansdsazle
Aneufimaneau (optimal solution) FsazAumA
moufivianzay (optimal solution) usenvvzdderidn
Ao mneudilieraazifuwuud (local maximum) s

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

@

U 17 atui 2 Uszdidiou wgun1au-damau 2566

lalsuuufign (global maximum) vie Aneuiildena
snifunvuseRuiientumun (plateau) dslaianunse
dnaulaliinaglumslvu vieonaarldmnauiidnasn
nawsifloifisuiuiiugndundlaléfan (ridge)
(GeeksforGeeks, 2022)

(T D

fletuinquszasitagtu
(o8J1)

l

Frinailsiuisguszasdlus

!

letuingUszaslus
(©812)

A4

!

Wyuifisy

OBJ2 1 OBJ1
aille

Hetuinquszasdinlis
(NEW_O8)) Tl

Hedwinguszasddild h
Goulvfisrseaduamioly

C > D

AT 1 Flow chart 9849 Salealiedanasiy

fanesNuNTAgULUUNTOUOU (Simulated
Annealing algorithm--SAA) 35n15UiLUIAANDIN
nszvunslianuieunnvanvielanzauninaamgl
= = v ' v a o = =
f9qn o dwddesligumiianataznseianegai
A < = ° o A X Y ax =1
mndnvselavzauisatludansetusuld 8015l
ansaldundaminisuuud (local minima) Tidu
WUUFANgALA (global minima) ta anansalduitaym
N13wUUA (local minima) Tiduwuudianls (global
minima) 1@ (Liang, 2020)




FUNAFIUNITANY

1. 8almatisdanesiin (Hill Climbing Algorithm-—
HCA) @ansaman koasn (Alpha) U61 (Beta) whusin
(Garnma) Tivil¥insnennsalveaunis Holt ~Winter
FAnsnvesAnatnadeuiidsdeaads (Root Mean
Squared Error--RMSE) ﬁaaﬁqmlé’ﬁam

2. 33n1siedeuatniuainudu (Gradient
Descent--GD) @unsaliAnauni1sn11udu b (m) wag
AaafalnL a (o) il nueseaaaiadouids
douade (Root Mean Squared Error—-RMSE) ag

NI118UN15 Regression tausely

asamnauusn (M) uag
Fmnnilinduingussan

afummouln (Mn) uagAuam

fleriduinguszadlus ()

v
‘ Af = fMn) - ) ‘

14 ¢ ily

gousudmaulnl
Mn=M, f(M)=f(Mn) auidouly
I ]

Talle
wolalumsvhdwsela

T

Tailef
Wulvnunasilavdela
1o

& & & o seia
LﬁiﬂauﬂidU?UﬂTiuaxLﬂUﬂﬂmﬂUﬂﬂwﬂﬂ

gousurmaulul

ADE ARl

A
Vaguay

AN 2 Flow chart 989 9anesfiunsagusuunIsausay

YDUKIAUIY

nuidedlddeya d1urueInIAeIuLay
Usznnmdusietlusdounds 336 92lu9 (14 51) 210
1 @ [ YV} a o 1
nemAeugie (HKT) dain usEm vineinimenu
Ine 9798 (W)

U UALLUIUTELANBDIN AL UG AL
UssnnignivualilagesdnisnistunaiSousening
Uszma (ICAO) Wu 6 Uselnn Aa Code A-Code F

AT laglIBuuuNaNNEUTENINIOUNSY
A" (time series) fiun1sisguIUULEFEDU (supervised

machine learning)

25a1HuUN1598

Fi3ganidlnandeyadiuiueiniaeiunsiay
UseLnnludana usen Mnenideulng 91 (i)
nvinenAeugin (HKT) Insaglideyadounds
336 $alus (14 Ju) Jugeflnaeu (train data) uaz
udayareantun 24 dalus (1 ) iileifuya
NP&dU (test data)

NYINTAIAILIS Holt-Winter--HW a1nauns

v
g

visuwn 3 62 Ao Level (L) wwnliu (B) uazggna (S)
Faudaraunisazdien ueatl1 (Alpha) o 961 (Beta)
B unusin (Gamma) ¥ Tnevts 3 Anasdidnegseming
0-1

n1A1 woan (Alpha) UA1 (Beta) wnuain
(Gamma) Tivanzau Seazldtamun 3 3aTeuiey
fu ielwlden RMSE tosfian fe (1) deaniEuduly
Microsoft Excel Tiawaain Jd1 wnusd 18w 0.5 vn
77 (2) Balpaiisdaneosiiu (Hill Climbing Algorithm--
HCA) wag (3) dano3NunNIsasuluunITauUe U
(Simulated Annealing Algorithm--SAA) TnedE7
2 uay 3 §138iTu Code TulUsunsu Microsoft
Visual Basic for Application--VBA \ienAueatin
U@ unugn

ANNUUUTIABINTTANNDY (regression modeling)
wniildaueaii J6n wnus fmanzauiSeudos
wilutumeuseluanfunsaiawuusansnsanass
s‘?iuﬂumiﬁauiuwﬁﬁaau (supervised machine
learning) LileL UL SHANNAN LA TN NTOILUUBYN T

NALAZLUUIIADINITANNDE

Paun1sNIsannei leuUSuUANEINIalRne
38n15PARUAINNNAIINTY (Gradient Descent--GD)

Puan1swensaluInusEansSaneiesin
YDIAAAIALARDUNAIED LAY (Root Mean Squared
Error--RMSE)
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Wisuisual waasn Js1 wnusn 91n 3 35
VAN RMSE tosfian waziudouifisudn RMSE ild
9IN@UN"T Regression fUaNNI3 Regression laUsy
Frefn GD wdsantuthanadne aunsnennsel au
Trquszasdton 1

Jraun1snlauineInsalne3SNsHaNNE1Y
WengnsaloNAeULAazUTENN MUTngUsase
Y A
o 2

1AsR9daN Y lun1539¢

Microsoft Excel itag Microsoft Visual Basic

for Application

f1319 1

nsNUITIUTINTOYA

NATeFesilifiudeyaniiugd (Secondary
data) 91n1FEIUsazUIELaN (Code A-F) 210N
[ (YY) a o 1
91nAEIULAA (HKT) dain uTEn vitenaeulng
Fiin () 336 Falus (14 1) Juyatinaeu (train
data) uaz Livdeyasentiudn 24 Falus (1 Ju) vile
Juyanaaeu (test data)

nUSeuiigua uean U971 unux1 99naunIs Holt-Winter &1%5U8177A87% Code B

Code B Initial HCA SAA
Alpha 0.500000000 0.778428853 1.000000000
Beta 0.500000000 0.878272951 1.000000000
Gamma 0.500000000 0.276137412 1.000000000
RMSE 0.034817834 0.015473374 0.000000000
M1919 2
WisuiiuaunIs Regression Uaw Regression MAUSY GD d1913uaInIAEeIU Code B

Code B Initial GD

C 0.1826484 0.000361991

m - 0.1826484 0.000000000
RMSE 0.018116231 0.000361991

. ‘ NFNTIINTUNTIVE R DAL TS WNTY
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f1919 3

nUSeusigun wean U971 unuil 99naunI3 Holt-Winter @145U91778871 Code C

Code C Initial HCA SAA
Alpha 0.500000000 0.08866936 0.194425821
Beta 0.500000000 0.948877811 0.073686063
Gamma 0.500000000 0.013699234 0.000541568
RMSE 1.151989508 0.692754535 0.593121004
fM1919 4

WguIiiguasnIs Regression lag Regression MlAUSU GD &1%5Ue1n1A871 Code C

Code C Initial GD

C 1.998050954 0.42161016

m 0.300908904 0.72983207

RMSE 1.362090415 0.984378416
M1919 5

MITIUSUTIgUAT woann U971 unuy 99naunIs Holt-Winter 81%5u87177A874 Code D

Code D Initial HCA SAA
Alpha 0.500000000 0.985352397 0.002342343
Beta 0.500000000 0.658547938 0.009189427
Gamma 0.500000000 0.998031139 0.991272688
RMSE 0.197443732 0.024501306 1.17735E-06
f1319 6

W3guiguaanIs Regression ay Regression MlAYSU GD &1%5U01n7@871 Code D

Code D Initial GD

C 0.057423129 0.058388716
m -0.057419776 0.997727468
RMSE 0.244822652 0.102222998
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f1319 7

nUSeusigua uaan U971 unuil 99n0aunIs Holt-Winter &1m5U8177A87% Code E

Code E Initial HCA SAA
Alpha 0.500000000 0.410850406 0.82328254
Beta 0.500000000 0.138889849 0.063153505
Gamma 0.500000000 0.286497593 0.466526449
RMSE 0.648538549 0.286728681 0.184152613
1319 8

W3guIflguaunIs Regression ag Regression MlAUSU GD &1%3Ue1n7A874 Code E

Code E Initial GD

C 0.80606979 0.00474301

m 0.050515275 0.89255003

RMSE 0.886764506 0.420840127
Mn1919 9

o
o as

WSEUIgURITRasAanITWEIN T8N A IUUe Az UTHNY (Code B-E) 14 3 35

Code Holt-Winter GD Hybrid
B 100.00 100.00 100.00
C 64.70 70.59 82.53
D 100.00 100.00 100.00
E 94.12 76.47 100.00
NaN15398 NM519 2 ©1n1ABIU Code B “Initial”

NMI519 1 91A1A8U Code B “Initial” T4
A1 woa 01 wnudn 7 0.500000000 Lilownuea
Tuaun1s Holt-Winter axlsifn RMSE 0.034817834
“HCA” TdiAn wearn T wnuyn 7 0.778428853
0.878272951 uag 0.276137412 auddiy Lieuny
AluaLNIS Holt-Winter azl¥A1 RMSE 0.015473374
“sAA” 1dAn weann 96 wnwal1 71 1.000000000
dlewnuaaluaunis Holt-Winter azl#d1 RMSE
0.00000000
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dlo ¢ = 0.1826484 uaz m = -0.1826484 iaunuly
@1A15 Regression 9lAA1 RMSE 0.01811623 “GD”
Lﬂja c=0.000361991 ag M = 0.000000000 knulu
aun15 Regression n&191nilaiEn1siAdeuasmy
ALY (GD) azlamA RMSE 0.000361991

91NA1519 3 8INFAENY Code C “Initial” T
A1 woa I8 whuah 9 0.500000000 LiounuAT
Tuauns Holt-Winter aglsia1 RMSE 1.151989508




“HCA” 19d1 woana 61 whua 7 0.08866936
0.948877811 wag 0.013699234 Mud iy louny
Aluauns Holt-Winter aglvAn RMSE 0.692754535
“spa” T4en woan I8 whudh A 0.194425821
0.073686063 war 0.000541568 \ilownueiluaunis
Holt-Winter ag1#A1 RMSE 0.593121004

9INM1579 4 8INAEIU Code C “Initial” il
c = 1.998050954 way m = 0.300908904 Lﬁmmu
Tuauns Regression aglaA1 RMSE 1.362090415
“GD” il c = 0.62161016Wa% m = 0.72983207uNu
Tuaunis Regression n&191n7ike33n151Adeuasmy
AU (GD) aglarA RMSE 0.984378416

911519 5 81n1A8TY Code D “Initial” 19
A1 woaWn 981 whun 7 0.500000000 LlounNuA
Tuauns Holt-Winter azl#a1 RMSE 1.151989508
“HcA” T4an woarn T8 wnusn 7 0.985352397
0.658547938 waz 0.998031139 Mmud iy louny
Aluauns Holt-Winter az1%A1 RMSE 0.024501306
“spa” T4ien woa J81 whwdh A 0.002342343
0.009189427 uav 0.991272688 \ilownuailuaunis
Holt-Winter ag1#A1 RMSE 1.17735E-06

9IM159 6 ©INAEIU Code D “Initial” wie
C = 0.057423129 uar m = -0.057419776 \louny
Tuaun1s Regression aglaa1 RMSE 0.244822652
“GD” Lfié) c =0.058388716 wag m = 0.997727468
wnuluaunis Regression &31nTileRsNsAEe A
AIUAINTU (GD) 98lAR1 RMSE 0.102222998

AR5 7 91A1A8U Code E “Initial” 14
A1 wearh 981 whua @ 0.500000000 Wiounua
Tuauns Holt-Winter a¥l#a1 RMSE 1.151989508
“HcA” T4an woatn T8 wnusn 71 0.410850406
0.138889849 uaz 0.286497593nUa MU Wiounuen
Tuauns Holt-Winter 2zl RMSE 0.286728681
“sAA” 14 wearin T80 whwan 7 0.82328254
0.063153505 wayg 0.466526449@8LLV]‘LJﬂ'ﬂuﬁiJﬂ’]i
Holt-Winter ag1#A1 RMSE 0.184152613

91071509 8 91n1AY1W Code E “Initial”
o ¢ = 0.80606979uaz m = 00505152755 aumN
Tuaun1s Regression 3glam1 RMSE 0.886764506
“GD” e = 0.00474301ua% m = 0.89255003WN4U
Tugun13 Regression W& nfilaisn1sindeuasai
ALY (GD) aglan1 RMSE 0.420840127

9nms1e 9 uniswennsalste 3 38n13
Ao “Holt-Winter” “GD” wag “Hybrid” 81n11A81u
Code B n1swennsaiia 333 Tinaniswensaignias
fevaz 100 91n1A8IU Code C NISWUINTAIAILTD
Holt-Winter GD uag Hybrid Tiainugnses Sesax
64.70 Spvay 70.59 uaziouaz 82.53 MINAAU
91n1A81U Code D A1SNEINTAUA83D Holt-Winter
GD waw Hybrid Wiannugndes favaz 100 v 3 33
wag Code E n15nennsainieis Holt-Winter GD way
Hybrid Wiaugnaes Segay 94.12 Seeay 76.47 uay
Jovaz 100 MUA1AU

d3una

Tnquszasdted 1 99nn1519 1 uag 2 d1my
91n1¢81u Code B arldaun1s Holt-Winter #ifl
woau 961 wnugh WJu 1.000000000 a3 A1 uaw
¢aunns Regression (GD) #iil ¢ = 0.000361991 wa
m = 0.000000000 11519 3 kag 4 & mFupInIAeIu
Code C agléauns Holt-Winter fifluoath 96 wnah
vJu 0.194425821 0.073686063 way 0.000541568
AIudIfyU wazldaunis Regression (GD) il ¢ =
0.42161016 wag m = 0.72983207 9159 5 Lhay 6
dmduennimeu Code D axldaunis Holt-Winter 7
fiuoan U wnusin 1Ju 0.002342343 0.009189427
uag 0.991272688 ANA1U waglaans Regression
(GD) ﬁﬁj c = 0.058388716 kg m = 0.997727468
M58 Thay 8 dmsue1n1Asu Code E aglaaunis
Holt-Winter fifwoadin 96 wnusdn 1Ju 0.82328254
0.063153505 way 0.466526449 aua1su wazle
#@un15 Regression (GD) §ifl ¢ = 0.00474301 waz m
= 0.89255003
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ToquizasAdon 2 95 9 wud1 s
NYINTUAINDINABIUA8IDNENNEIU (hybrid)
91M17igU Code B dinugndassaeay 100 9InAE1
Code C fianugndaisayay 82.53 81n1Ae1U Code
D fiaugndessesay 100 uara1N1meIU Code E i

ANNQNABITEEAE 100

aunAgiuded 1 91nM1519 1 3 5 7 WU
galAalledanaiyiu (Hill climbing algorithm--HCA)
Taiawsamian wean (Alpha) UA1 (Beta) wandn
(Gamma) ivilinnswennsaivasaunis Holt-Winter
IGasnuesiiaainndeuidaesads (Root mean
squared error-—-RMSE) toedigald wiiudaneiii
N19LABULUUNITOUB DY (Simulated Annealing

algorithm--SAA) fiansnsalsien RMSE Yoedigals

auuAgiuded 2 9nA1919 2 4 6 8 wud1 3%
AsIAADUAIMINAILTY (Gradient descent--GD)
ansalsiriaunisaudu m uazA1gaiauau ¢ 9
liasinvesAinanAdeuiidiaenads (Root

Mean Squared Error—-RMSE) taein11&1n13 Regression

6

ﬁQﬁmﬂst’J’agamﬂa’m'ma’m 1AYIBINIALIU

Qiiin Linueinime1y Code A wag Code F

aauseNa

N1sas19gunITNEInsalAlsitnITneInsal
naunauiuiiolildnanisnensaifiuiugisendng
ayﬂsmnaﬂuﬁ‘fiﬁa Holt-Winter (HW) 1io391n HW
Huanansausuaueari (Alpha) U8 (Beta) wnusin
(Garmma) vhlfiAnauwiuglunsnensald i

#OAARBINUIITEUOS Chantrapha and Kantanantha

e

(2021); Ventura et al. (2019) Tness 3 ﬁ”aﬁ&ﬁ%’ﬂﬁ
14 3 3Flun1smedivinsau fis “Initial” “HC” waz
“SA” wadilemeninwuin3s “SA” annsameniivnzey
(A1 RMSE nlnd 0) ldunniign Feaenadasiuay
Weves Hutem et al. (2564) F3EvuswUUiLaY
(Machine learning--ML) Tufiil fio Regression model
WiodunsuSusmennsallusignnndiulneisns
wensaltATUSYANEAMASNeINTaluslug Uy
Faaenadastiunuideves Netisopakul and Supasa
(2019) Inemdsarnitlsiannns Regression u&IEITelH
lUuSuAseismsUsuasmensaimeisnisidou
awmuAuTY (Gradient descent—-GD) wiaiduns
anAn RMSE 1¥idn1ng 0 undetu ndennduidle
T¥3anaumaul wuin nswennsaifauuiugdy
AIUSITU Fsaenndasiuiuieves Sutthison and
Haruay (2020); Dantas et al. (2017)

pg14lsAnunsuIA woan (Alpha) Jén
(Beta) wnui (Gamma) fwunzayluauns (HW)
au13aly Tusunsu Solver Tu Microsoft Excel laus
o199¢lulldAfitosiian femuideves Phaettho and
Lekhavat (2021) wazensheghdumiddeadtuilunis
wensaiennAeIu Code E A woavn I wnusiils
91A Solver Av 0.344048685 1 way 0.267800203 WLay
A1 RMSE il A 0.486230688 usiilald3s “HC” 9
19 Arwean U1 whain 0.410850406 0.138889849

g 0.286497593

auaIRy A1 RMSE il fle 0.286728681
way “SA” azla Alweann UAn wnudn 0.82328254
0.063153505 waz 0.466526449 AIUa16U A1 RMSE
7§ o 0.184152613 dawalinisnennsaliauuuen

11JUNIINISIY Solver

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atui 2 Uszdidiou wgun1au-damau 2566

&
g ;%< g




References

Aksornkitti, B., Santisiri, W., & Wongwiwat, A. (2020). The analysis and comparison of factors in delay
and flight on time, one airline of Asia Region. Rajamangala University of Technology Tawan-Ok
Social Science Journal, 9(1), 70-77. (in Thai)

Arthakamol, W., & Sriwong, W. (2021). Personal communication: Air Traffic Flow Management--ATFM.
Aeronautical Radio of Thailand Company Limited. (in Thai)

Chantrapha, U., & Kantanantha, N. (2021). Forecasting export values of cars, equipment and parts of
Thailand by Time series Methods. Thai Journal of Operation Research, 9(2), 12-20. (in Thai)

Dantas, T. M., Oliveria, F. L. C., & Repolho, H. M. V. (2017). Air transportation demand forecast through
bagging Holt-Winters method. Journal of Air Transport Management, 59(2017), 116-123.
doi: 10.1016/j.jairtraman.2016.12.006

GeeksforGeeks. (2022). Introduction to hill climbing: Artificial intelligence. Retrieved from
https://www.geeksforgeeks.org/introduction-hill-climbing-artificial-intelligence

Huangsuwan, S., Chansawat, B., & Noitonglek, K. (2021). Commercial aviation: Social and environmental
issues. EAU Heritage Journal Science and Technology, 16(1), 1-15. (in Thai)

Hutem, T., Somtom, K., Luangsuwan, W., & Tantiphanwadi, P. (2021). The use of simulated annealing
algorithm for farmer’s freight vehicle route design. Thai Industrial Engineering Network Journal,
7(1), 93-106. (in Thai)

Hyndman, R. J., & Athanasopoulos, G. (2021). Forecasting: Principle and practice. Retrieved from.
https://otexts.com/fpp3/

Menon, A. (2018). Linear regression using gradient descent. Retrieved from
https://towardsdatascience.com/linear-regression-using-gradient-descent-97a6c8700931

Netisopakul, P., & Supasa, N. (2019). Appropriate model analysis for garment sales forecasting.
MUT Journal of Business Administration, 16(2), 77-96. (in Thai)

Phaettho, P., & Lekhavat, S. (2021). Applying mathematical modelling for job shop scheduling problem:
A case study of automotive part factory. Thai Journal of Operation Research, 9(2), 82-92.
(in Thai)

The Civil Aviation Authority of Thailand. (2020). Thailand’s air travel demand forecasting.
Retrieved from https://www.caat.or.th/th/archives/53358 (in Thai)

The International civil aviation organization. (2018). Annex 14th, aerodrome-volume | Aerodrome
design and operation (8th ed.). Canada: International Civil Aviation Organization (ICAO)

Sutthison, T., & Haruay, S. (2020). The development of a hybrid model for forecasting the time series
of monthly household electrical distribution units of people in the Northeast, Thailand.
The Journal of KMUTNB, 30(4), 630-644. (in Thai)

Ventura, L. M. B., Pinto, F. O., Soares, L. M., Luna, A. S., & Gioda, A. (2019). Forecast of daily PM 2.5
concentration applying artificial neural network and Holt-Winter model. Air Quality Atmosphere
& Health, 12(2019), 317-325. doi: https://doi.org/10.1007/511869-018-00660-x

>

e
g ;%{ g

P ERTRer oue Vol. 17 No. 2 May-August 2023

Science and Technology




ﬂ’]iﬂ’)Uf’!&lﬂﬁiﬁ’N’]ﬂ‘U@\iLﬂ‘%‘a\‘iﬂ?uﬁﬁiﬁﬂﬁlizUUﬂ’JUﬁﬁJ’NQUﬂﬂ
The Operation Controlling of Agitator using
Closed Loop Control System

U311 Heuasius' uazdoesd l@suna™

Parima Phuisaengpan' and Chaiyong Soemphol*
‘arunimnssuliiilazaouiames AMEIAINIIUAIEAS NNIINSITYUNIEITA
'Department of Electrical and Computer Engineering,

Faculty of Engineering, Mahasarakham University

Received: September 1, 2022

Revised: October 12, 2022
Accepted: October 19, 2022

UNANED
aiAfeddarhiudie sanuuy a¥ wasnadeuUszAvsnmiaTesniuamsiiesruumuauigUle Ingldlulas
moulysataoslunismuaumdn wazanunsaiaamdsnuliihildmelugainnislingdsau (PZEM-004T) szuu
uAATesmuANTiaSTuansavhnsUssdummiln angasaunsiugurenaiosinaundauuuay
waganansouanamanuvialduuuFealnl mavhaueuedesarandeudnnsiuveaeimednglianiie
s WefnowoimuasyinliAavesnniiinssyhdeiufialuie Sudunainanmaindouiivesveuvan
melueFoaniuans uasvesntneiiintuiuuysiuuauniinvesansiivhniswan nan syl seuu
muAuIUUsgUTsseszuulunduannsavilianuisiseulumsnauasiiegwasianenasnszeznatlums
WAl ka¥91INNINAFUYsEANS IS NI ey WenauuuyluUIIng 10 dns tedosnauansi
astuarldsrernalunssuinmandnoglutag 45 -55 unit Walfisutumslfiaiesmauasnuiesnaialy
USmswiniu agldioen 1 93lue 30 it uenaniinisusidiuaumilavessogemdndaurinuit nsusadu
Anuvilave s inanaziivesifudanunainindoulads 2.94% wasiianunainindeugsan 3.15 % iile
\Wisuduezesiaaamiaunsgruuuuusailas dediariieglunasiinnsgiufivessuls

o

AdATY: N13UTZIIUAIAUER LATEINIUATT TEUUMIUANLULIGUTA Mosnveduaines n1sHauans

v

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i s g atuinermansuazinalulad




Abstract

This research was conducted to design, build, and test the efficiency of an agitator using a closed-loop
control system. The microcontroller was used as the main control, and it can measure the electrical
energy used with the AC Digital Power Energy Meter Module--PZEM-004T. The system of control of the
stirrer was studied, and the viscosity was assessed using the basic formula of the rotary viscometer.
The constructed agitator can display viscosity in real time. The operation of the machine was based
on the principle of motor operation under steady state. When the motor was rotated, a damping
torque occurred on the impeller surface, and the resulting torque was proportional to the viscosity of
the mixture. The results showed that a closed-loop or feedback control system can keep the mixing
speed constant throughout the mixing period. The test of the stirring efficiency of the sample found
that when mixed with shampoo in a volume of 10 liters, the constructed machine takes in the production
process in the range of 45 to 55 minutes. Compared to using the same volume of commercial mixers,
it takes 1 hour and 30 minutes. In addition, the viscosity assessment of the product samples revealed
that the viscosity assessment of the shampoo mix had an average percentage tolerance of 0.75% and
a maximum tolerance of 3.15% compared to a Brookfield standard viscometer, which had values that

were within acceptable standards.

Keywords: viscosity estimation, agitator, closed-loop control system, motor torque, substances mixing
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Abstract

This research aims to develop hybrid multi-criteria decision making in air transport and to calculate
weight and balance when loading baggage by applying the concept of hybrid multi-criteria decision
making to create new alternative automation system capabilities that increase the capability of the
weight and balance calculation system for loading baggage with the newly developed program. Result:
this method can develop a calculation system with 9 main functions and 115 subfunctions. This method
can also be used to develop a system to automatically calculate and link data in baggage management to
replace the traditional method, which uses experience from load control. After coding in Visual Basic,
we can model hybrid multi-criteria decision making with 647 patterns and 19 sequences, 247 patterns
appropriate to the center of gravity of the aircraft, and 3 priorities: (1) safety of the aircraft structure
(2) satisfy the needs of the flight operation; (3) save cost. This method is expected to be used as an

alternative and support operational decision-making for narrow-body aircraft.

Keywords: Hybrid Multi Criteria Decision Making, Air Transport, Calculating Aircraft Weight and Balance
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MCDM) (Emovon & Oghenenyerovwho, 2020) 11
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o
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LUUNALNETY
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WUUNANNETY

a ad A %
UUIRANG A INEIVDY
a 4 o w all . .

NITUIUNITAATIZNRANAULU (Analysis Hierarchy
Process--AHP)

nsEUIUMTIATIEILa AUt TN ST UIINS
andulanldlunisdmsigriiienungna 39lasu
Anullsuedraunsrate LWunsyuiunisandulad
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dAueniassasrandudeusendudiu q elwine
' % = | 2, A v = o
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vaa & 1% = v a

Auautanduuusssuliuaziinavanisdndulaly
sUsuuvesEuANddy YreliaTierinindeniy
sUrsRuANdAlAETIN uariaITUTaEsY
Audfy Wisusuladenig q Tussuu tazday
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LU1une (Tansirikongkol, 2014) TunauUNITAAEY
Talngldnszuiumsiwseimuasuiudunssuauns
Fadulafifiuszdnsam Buainnisilsuiiou
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Process--ANP)
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fuguvesnszuunmsdduiudingey Bagnitain
Fulwallud 1999 Tneransnanse e anmi L6vinnns
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MENSIaINTINUIT nsEUIUNSETUTUB AT 29
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fifieing 9 (Thanaraksakul, 2009) Fadumaianis
Ansgvnsdedulakuuninae tnglidadeluns
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Wenmnadendififian uinszuaunislassrieids
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& Srivicha, 2011)

wulAnn1sanaulaviatevansnaa
(Multi-Criterial Decision Making--MCDM)
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HMCDM)

Hybrid MCDM ‘ <

(1) MCDM Method

#

(2) MCDM Method
+
Methods for identifying

importance of criteria

(4) MCDM Method

”

(3) MCDM Method

+
Methods Other Methods
Fuzzy and/or gray set

AN 1 LuINSAnaulanatgua NN UTILUUNENKETY

Note. From “Hybrid multiple criteria decision-
making methods: A review of applications for
sustainability issues” by E. K. Zavadskas, K. Govindan,
J. Antucheviciene and Z. Turskis, 2016, Economic
Research-Ekonomska Istrazivanja, 29(1), pp. 857-887
Copyright 2016 by Taylor & Francis Group
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Hyruaondts (539 &, Armauga (33%) ‘lb AT (14%)

o w 0
Load Control (21.20%) Load Control (17.82%) Pilot (07.98%)
Airline (10.60%) Airline (05.28%) Load Control (01.96%)
Criteria Alternative
Goal Safety | Balance Fast Pilot Load Aiine
Goal
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g Balance 33 26 28 21
v Fast 14 11 10 24
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nsdunteainguitinune (Interview Method)

< Narrow Body 320 Compartment 9435kg
S
% ; FWD Comp AFD Comp Bulk Comp
g g comp 1 comp 3 comp 4 com5
S z 3402kg 2426kg 2110kg 1497kg
s (36%) (26%) (22%) (16%)
) ccNo. 1 CC No.3/4 CCNo.5
é ] L §
s < EF T e
£
S A320 (Lower deck)
Key Informants Baggage Baggage or Cargo Spare

Interview (1) (Safety / Balance / Fast)

Key Informants (A) Cargo (36%) Baggage Baggage (22%) Spare (16%)
(26%)

Key Informants () ~ Baggage (36%) Baggage Cargo (22%) Spare (16%)
(26%)

Key Informants () Cargo (36%) Cargo or Baggage (48%) Spare (16%)

Interview (2) (Safety / Balance / Fast)

Key Informants (A) Cargo (36%) Baggage Baggage (22%) Spare (16%)
(26%)

Key Informants (B) Cargo (36%) Baggage Baggage (22%) Spare (16%)
(26%)

Key Informants (C)  Cargo (36%) Cargo or Baggage (48%) Spare (16%)

Interview (3) (Safety / Balance / Fast)

Key Informants (A) Cargo (36%) Baggage Baggage (22%) Spare (16%)
(26%)

Key Informants (B) Cargo (36%) Baggage Baggage (22%) Spare (16%)
(26%)

Key Informants (C) Cargo (36%) Baggage Baggage (22%) Spare (16%)

(26%)

Key Informants A: Pilot | Key Informants B: Load Control Operation | Key Informants C: Airline
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Applications
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nsisn1sanaulavanendninueiluURENNE UL
rsUaendt ansnsadaueadenivinugauiuela
Fnauladenldogramnzan Tnefdunsunazdouly
AsWaLNwasRNAEsolRsEUY el

1) wan1siasienszuulugliuuiy §ldeu
unAIAUN ST UUNAN A s sULuU s Tng
mmsamefmﬁﬂmwszmwmimmﬂé’mmiﬂu
AIYUEIN9BINA Usznaunly duni1se (baggage)
uardudn (cargo) Tianunsadnndluiiudifienuqi
niINTI 9435 Alansu mulassasieeniAgIuUsELAN
dduau AvesdaLiudunisy (compartments) 3
d7u Ao d@aunti (FWD compartments) d@aUnad (AFT

compartments) Lazd1ung (Bulk compartment)

2) HaNFIATIEINTYINUTURUULAY Wy
unaaiuisnguliaudfgdudunsn (priority
first) Tun159n119n15UsINNUsELANGAUAT (cargo)

'
o =l

AuuadaulelissuuA I ndnwareINFAeIUY
ad do & o v v A ' v a

Inundenuduniselaviesniosdiuni 1A
anunsasuindnsauladiiy 3,402 Alansy WuNde

2 o , A oy .
LAUAUNITEEIUULIENIN Comp1

3) HANTIATILINMINNUFURU ALY
unaaiinilsidulianuddysusuusn (priority
first) Tun1sdnansusInuseiandunisedlagans
(baggage) Amundoulalfssuuduinudnuas
p1mAguiituiidafvdunszliveniosdmumds
fanugannsofudmdnguldiiu 4,536 Alandy
Buiuiidafuduniseiiannsofudmiinnsussgn
dunfian fuidafudunissdumduiadu 2 dau
fio MuftdnifudunsyeginnnTnueserniaeiuuay
9gA1UMAY Comp1 158031 Comp3 ﬁmmq%’uﬁmﬁﬂ
sailahiiu 2,426 Alanfu uasiuiidnfvdunszey
&3 Comp3 13uni Compd Sanugdurimiingay
laiiAin 2,110 Alandy

4) nanMTassikasnusIuTIndeyanis

9891NRBUN 1 NaNISHAIUNITN1SAnaUlaateunan

inausuuURERRaTY fvuadeulumunislsamimin
fddrygadudidu 1 Ae fumudasnde (safety)
Avualissuuausauenyseinn duniselagans
LLazﬁwmmffmﬂfﬂlumﬁmnagsluﬁuﬁmwé’waq
pImALL Ao Aufifimsggeannulasaadison A
iesne A uuszanddiuay Fdusmnldvies
m'%'mmﬂﬁ'qm Ae dunszlagans (baggage) 31N
NsUsMIvudmIeINIAlsnavdanaun g
Uanenadidvun tngliszuuinunaianuddagly
nsfanadfuusniifiuil Compd Judunsedlavans
Ussinmifeasuitonun duniselnsansassesliignin
Milviegluiiuifididudundaduluninedoudne uie
Anuvaensy fosanansairdeudieduniseilagans
ponnfuilivesadondudusuusn ileiiumads
Uaneni

5) N nMsiasikasiususndeyans
Fenaeud 1 namsaLISnsindulanarevdn
inausuuURERRay fvuadeulumunslsiamimin
fdAaydrdu 2 Ao duaduauna (balance) fmug
TszuvauIsauenUsznnaun (cargo) LayAIUIN
thuiinlumsdansegluiiufidumtihnesermasu s
duituifianugesndy fufteinaeudiunds s
nsussnUssavAuA e uautiosnindunsy
flavans lunsvudamsenmaussinnidamdvd s
Unslaewiudlagansidundn lnglissuuiivune
mmé’ﬁ@umi%’mwﬁﬁuLLiﬂﬁﬁuﬁ Comp1 1Ju
dudilasansidundn weliiAnauaugaszning
dudndilsusmnlivienniesdumihiudunszilasans
fldusmnlaonniasdiunds sulassasraiuin
Yot MIABIuLA AN A aun Az Ay
ReYnAudnI (Center of gravity--CG) #BN1TUTINN

dunnselavaamsadlunisvudaniaannie

6) NAINNITIATITRURALAUTIUTINTBYA
ns3dnmeuit 1 hvundeulumunslianidn
fiddey §1u 3 Ao FuATIAGI (fast) SEUUAY
Qﬂﬂ’muﬂuﬁawaaﬂﬁﬁwmmﬁmﬁﬂLi“]uLLUUé’quﬁa
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d‘ 2 dSI
Wauly fadl
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v A 4

Audsnisandulanvunaunanu

nans3euiisuiznisfaaulanuunai
(manual) laifisuuuulunmssidunissuaniimiin
UATANARDINALTIULUUT ALY Wﬁmmmuquﬁmﬁﬂ
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Uszaunsallun1sanduauniunisesuiinueu 1n
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nesray wnasafusyuusaluiilunsinann
wazdna1e anunsadauenisdeniiieUsznaunis
Fnauls audminvesdunissuasaudnfuiiuiise
MelgRean3es wuueINIAYIUEIEILAY (narrow
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dunsedlagansianueduidinnsgiugagudnies

anAguUsELANAFILAULA

Aircraft Weight Balance Compartments Calculation

Bulk Compartments

FWD Compartments AFT Compartments

Comp 1: 3,402 Kg Comp 3: 2,426 Kg

| r ) — |
Cargo %9 ﬂ Bageage / Cargo %ﬂ Bﬂmﬁﬂ Spares
| | ' | '
Available C1 Available C3 Available C4 Available C5
( S— J
Y

Auto Calculation

v

CG Balance Calculation Index

Comp 4: 2,110Kg Comp 5: 1,497 Kg

AW 12 szUuAuIuiEnaunae AL TULALINING
#11n15¢1HNDUATBI NLNTHAIULALALANUAILNTE

faufl 4: NANITINAIAUNILEBNTUNITAIUIILUN
ninuazaunaanAeulunsusInduniseldvias
LA384 AEITNISANEUTINANE VA NN AUNLUUNENEIY

f1319 1

M79AAIAY 1-19 MIden sTUUAINIULIMINGURA
9INIAYINUALININGUN T

on on on on
4 N N4 4
N \O o N~
o N — o
< < — <
[\ N N -~
. D .. .. '_ ..
~ ; © < 5> un
[o% o Q Q < Q
- € - € IS . £
R o U] o o U] o
) V] ] V] V] ) (@]
1 3000 46 n/a <500 47 1497

3100 45  n/a <500 46 1497
3200 44 n/a <500 45 1497
3300 44 n/a <500 45 1497
3400 43 n/a <500 45 1497
2 2900 46 n/a 600 47 1497
3000 46 n/a 600 47 1497
3100 45 n/a 600 46 1497

3200 44 n/a 600 45 1497

LN X X X X X X X \|safety
XX X X X X X X N \|satisfied
XN X X X X X X X K«/|SaveCost

3300 44 n/a 600 45




1519 1 (79) A1519 1 (M9)

on on on on on on on on
M v v M v v M M
N © o ~ o 0 o ~
=) ~ = o =) ~ - o
< < — < < < - <
@ N ~ - @ N N -
— < %) < s 0 — < ) < m n
o @ Q a < Q 2 o @ Q o < Q
. £ - € € . £ O - € . € € - £
o 5 U] ) 9] U] ) ] o ) v o ) U] o
| (U] (U] (U] (] O] @] %] | (U] (] @] @] (@] @]
3 2800 48 n/a 700 49 1497 9 2200 57 n/a 1300 58 1497
2900 47 n/a 700 48 1497 2300 56 n/a 1300 57 1497

3000 47 n/a 700 48 1497 2400 56 n/a 1300 57 1497

3100 46 n/a 700 47 1497 2500 55 n/a 1300 56 1497
3200 45 n/a 700 a6 1497 2600 54 n/a 1300 55 1497
aq 2700 50 n/a 800 51 1497 10 2100 58 pn/g 1400 59 1497
2800 49 n/a 800 50 1497 2200 57 n/a 1400 58 1497
2900 48 n/a 800 49 1497 2300 56 n/a 1400 57 1497
3000 48 n/a 800 49 1497 2000 56 n/a 1400 57 1497
3100 47 np/a 800 48 1497 2500 55 n/a 1400 56 1497
5 2600 51 n/a 900 52 1497 11 2000 59 n/a 1500 g0 1497
2700 51 n/a 900 52 1497 2100 59 n/a 1500 o 1497
2800 50 n/a 900 51 1497 2000 59 n/a 1500 g0 1497
2900 49 n/a 900 50 1497 2100 59 n/a 1500 g0 1497
3000 49 np/a 900 50 1497 2200 58 n/a 1500 59 1497
6 2500 52 p/a 1000 53 1497 12 1900 1 n/a 1600 g2 1497
2600 51 n/a 1000 52 1497 2000 60 n/a 1600 g1 1497
2700 51 n/a 1000 52 1497 2100 60 n/a 1600 g1 1497
2800 50 n/a 1000 51 1497 2200 59 n/a 1600 g0 1497
2900 49 n/a 1000 50 1497 2300 58 n/a 1600 59 1497
7 2400 54 p/a 1100 55 1497 13 1900 62 p/a 1700 g3 1497
2500 53 np/a 1100 54 1497 2000 61 n/a 1700 g2 1497
2600 52 p/a 1100 53 1497 2100 61 n/a 1700 g2 1497
2700 52 n/a 1100 53 1497 2200 60 n/a 1700 g1 1497
2800 51 n/a 1100 52 1497 2300 59 n/a 1700 g0 1497
3 2300 55 n/a 1200 5¢ 1497 14 1700 ¢3 n/a 1800 g4 1497
2000 55 p/a 1200 5¢ 1497 1800 62 n/a 1800 g3 1497
2500 54 np/a 1200 55 1497 1900 62 n/a 1800 63 1497

2600 53 np/a 1200 54 1497 2000 61 n/a 1800 g2 1497

S N N N N N N N N N N N N N N N N N N NN
S N N N N N T N N N N N N N N N N N N N N N N N N N Rt
SN N N N T N N N N N N N N N N N N N N N N U N U W Ve
S N N N N N N N e N N N N e N N N N N N N N N N N NN

S N N N N N S N N N N N N N N N N N N N N N N NN

2700 53 p/a 1200 54 1497 2100 61 n/a 1800 g2 1497

LN N 000 N N N XN N N 8N KN K| save Cost
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on on on on
1N N N4 N
N \O o N~
o N ~— o\
< < — <
[3s] N N i
.. [a) . .. .
|_
— < %) < [ 0
[o% o Q Q < Q
- £ . € € . €
k) o U] o o U] o
i} V] ] (V] V] V] o
15 1600 65 n/a 1900 66 1497

1700 64  n/a 1900 65 1497
1800 63 n/a 1900 64 1497
1900 63 n/a 1900 64 1497
2000 62 n/a 1900 63 1497
16 1500 66 n/a 2000 g7 1497
1600 66 n/a 2000 7 1497
1700 65 n/a 2000 g 1497
1800 64 n/a 2000 g5 1497
1900 64 n/a 2000 g5 1497
17 1400 68 n/a 2100 g9 1497
1500 67 n/a 2100 8 1497
1600 67 n/a 2100 8 1497
1700 66 n/a 2100 7 1497
1800 65 n/a 2100 g6 1497
18 1300 69 n/a 2110 70 1497
1400 68 n/a 2110 g9 1497
1500 67 n/a 2110 8 1497
1600 67 n/a 2110 8 1497
1700 66 n/a 2110 g7 1497
19 n/a g2 1300 2110 83 1497
n/a 83 1400 2110 gq 1497
n/a 83 1500 2110 gq 1497

n/a 83 1600 2110 gq 1497

NN N N N N N N N N N N N N N N N N N N N N RN
SN N N N N S N N N N N N O N N N N N N U SR NN
N N N N N N N N N N N N N N N N N N N NN R ecE

n/a 84 1700 2110 g5 1497
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wﬂfﬂqmmuqmﬁmﬁfﬂﬂ wifnauaenisly ey
wnAalUfineuasnsalvissuulagUszend 91035
TR (AHP) Besdiumuetiomin
ANUEIAY (1) muvaonde (2) AN (3) A
auga lumsAwinuazdning dunedadalasaiig
(ANP) sndiasginuduiuslunisaniusuves
nduminaumuvauimin 4 daalufienafeatu
Tumsiinsesinudifudu madensuuuunisvuds
ysprnimslunivglsuuazeiuing (Somsuk et al.,
2021) Mnnsfivdeyaidsguninsieiniediouuy
dunwal dielsilddeyaiiasudiuuazaad Tnduded
gunadedulagaiieneuviinistulianudidgyiv
“dnthmiinfleglussduariimelalusoufifinisdu
wazAmmtinlusydufiannsatielunisusendndunu
Aldfine” InsAntmidndauaugaredgaaudnis
91MAEIU (CG) AsraIaILarsINg) Janudonndes
fuauideves (Sirirak et al,, 2021) flaguin My
MmAntgniaududou wainaiunlTaenis
nMsifouvunaNnay i1gielunsiasesiitelidl
Usgansamanniign anuaeandesiulufirmaiion
fuunAINYDs Zavadskas et al. (2016) find1231
11511138015 MCDM Method 1n57ufu3snnsdu q
(other methods) agifinAay ansnsalunszuInide
wazandadainsag o Tunsiniunuldasdy

2 mafuuenselisuusnuhvinue
aunaeINIFeL MeTsn1sanaulavatendninaeivuy
wamay sugUiuulassas s um i
AUARDINIFETULUUANAL (manual method) INTONYY
Fulul Frelusunsudszyndiduisiauszansam
aendismsinaulawuudaiy Taedldssuvann
AmnaluguuuudnlufAaifisanuuiuazana
Hanae daenraeeiuanuddeues Nontasud et al.
(2021) TuFosvesnsuszgndlinenfinmesdmiv
ﬁ%J’NLﬂ%ﬁ]ﬂﬁ@‘tﬁﬂLLuzﬁ’]ﬁ’mﬁﬂUﬁVJﬂLLﬁ%ﬂ’]ﬁ%’JN
Wiuanuirnudilasazaninsasunadldetnagnaeanda
N3AUIFE3E Manual gsegnaie Adunuain
naifiuAansad sEUUaNNsswIBANLARAIN
wonUssandudl duniszanszezianlun1sAIuIN
sonssiuauld 20 wiiseniadieatu anduneu




Tunsdansasiiuiilivionados 10-20 wfl nsdidos
dnsduniardunisylug (last minutes changes)
neuvinstuausausendadunuaildinevesaie
n150ulé 40,000 uMEBWNT (cost reduction) 3l
Anuiieaduandn (delay flight) (Airport of Thailand,
2021) #9AARBIIUUITLVBS Gertsuk et al. (2000)
Brsimnaeemasulaganstulagiuleududo
Joyafisuunniianuegenntunsdnies veadaiu
dunsziianuuaneng ldazganeniseuiauasisen
Tiveya lueuranadsasnelusunsunouiamesigle
AnailelfiAnauaznin 90157 Tunsdiiuany

3) MmaUseulfisuisnmsanaulavaieranino
WUUREUNAIY (Hybrid MCDM) 1HuiSfiaunsaiin
wuemudenuazativayunsdndulalauinninisnis

v

adulanuuAads (manual method) lnglangdeya

a

ARgtestunsfuInesenaenlasansndied
Gertsuk et al. (2000) Has1u3diEdunuin nsldnig
funahwinuaraunaemaslunsusTnlives
m%ﬂugﬂLLUUé’@Iuﬁaﬁ?ummmiaa%’umiﬁﬂmm
I§unfe 647 vy auandmdnlianudidy
AUUaBndy ANENAE AUTIALT 3EAIRUDIN
Animindumanludaduaugluusaziuidaiu
fuanszldvienaies sisludruntduazdiundsos
21N1AYY (compartments) wazeATeiidiuny
130U UUNTAIUIMLAZNTIANEUA AT FUNTTE
wuusenUsznnla 3117 247 sUkuy dAdviiaig
aunafenAudn1e1n1Fenu (CG) iWulunmuanaa
WInsgIUANUaAdn1NlATIET 198N AEIY AN
AnufianelalunsufuRnistiu aennaeeiuauive
¥839 Aumnuaiworachai et al. (2021) na1331 nNay
mMsUftRMsuilensvudelnsansuazaudn dshery
flandoafidsds Ao anudasade Fiunnifiendu

o v a

Jndudarukunsiunsulfianisiu drunim

v
o v A o o

dAAe TunaunsAIIMTNUIINNNeYIINg

<
v

a & | = a U aa o a
F9TULAENITIDUAY WINLUSEUEUAUATNISHnEY
TALUUALANTY NNSAIUIILAENITIAINAUASE Y
1 ldlw Y Vval v
n15UsI9n R sUkuUkaz kUi gaRulisini
Fuiinveu Aesendun1siieuianUssaunisainig

vhanuindumudeimguesazynnadsens
Lﬁmmmﬁmﬁlﬁmmﬂsﬁ’aﬁmwmmmwwé (human
erron) lfnaoanan wago1aazliilyisNfuazivnya
fgelunsiiduau uazanansadmaiensufoifnu
saufula

4) n1sddrdumadenlunisdndulanaie
‘mé’ﬂmmsﬁu;uumauwmuiumiﬁwmmﬂfmﬁfﬂLLazauQa
oA ulunisusynduniseldvieandes nuin
sruvanusaisatuayuLaziduniadenysznau
nsnsdaaulale Aefidunuainnaifiuamaianga
Tssuudnudminuazaugaennaemlunsussyn
Funsldvonaiosiy annsadadidunadentd
fla 19 18U 39w 247 JUULY FnBeenudiduen
mindushaunseiafuaugluiuiidansdunisei
drunti wardrundsenniaeny AflAanasgiuam
Unondt (safety) mufianela (satisfied) Tun1su s
30U uazUsendadnliane (save cost) @ansntiean
dunulituesdns nefldanasgiuiddedlusesiu
ANNANARDINALUABAAYTYAAU 9B N1AEIY
(Center of Gravity—-CG) anunsafuaAtmn
N15UTINNLaEIANMUULENUIEIAN Aufn dunnse
favansuarisiudemdswesenmaslunisduiu
(Maximum Takeoff Weight--MTOW) wavasaenla
(Maximum Landing Weight--MLW) Snviedianunsa
Frglunmsuitymisianududoulildnanisdngula
Tignes wanzan waznssiumNFeINITR B URRTEY
1nBau

5) aguran1siiununiudeyasinnsdunivel
nEniaussuuuaznaaeddanuani 3 nqu
WU (1) Nau Key Informants A daduilaly
nsAnaminuazndnnsIanealustitu iy
wwInelunisawadunadenliminniiusiaisy
Wusnty annisieusidenlunissanndml ()
ngu Key Informants B fianuianalalunisunaus
MadenaULwIAnnNIsAUIMLAETAIelusURUY
Snluf anunsanszanensyauld Snsanaaudes
FoRananlunisvudaiiodestniuanuiissezina

A1fiale (3) ngu Key Informants C flwwiAatieaiy
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madenlunsauaiininuasaunaeIniAg UL
d111509819 Nqu Key Informants A-B AU{URIU
npfiuaninsavihuldegeanysaliitinTuanaI

Wiednmtnwazaunae1n1Ag1ulunITUIINN
duarszldvionnies iunisiauivussuuujofnig
Windows Iug‘LJLLUU Window Applications 111y

nasulunsviusuiula AatiuasAnwkaimulusUL U ssuukaUnaLA gy

Key Informants A: Pilot | Key Informants B: Load (application system) N@1U190DUABNITNINIUAIY

Control Operation | Key Informants C: Airline walulagleledl (internet of things) Nigunsaltay

AENITEUULALQUNTAIlARE19ATUINRS
14
YBLAUBLUY

ASANWIHNILIDNSAnaUlaanenanunue
WUURELNEIU (Hybrid MCDM) Tun1saudiniseinia

< &
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Abstract

This study is a survey and experimental research. The objectives of this research were to: 1) study the
working process and production of insulated metal roofing sheets; 2) study and analyze the causes of
waste in the insulated metal roofing sheet production; and 3) reduce waste generated in the production
process by at least 5%. Waste data were collected from January 2021 to October 2021 before
improvement. To solve the waste problem, employee brainstorming was carried out, and a causes
and effect diagram was used as a tool. Then, causes of problems were prioritized using three factors:
the likelihood of a solution, the severity of the problem, and the frequency of the problem. Problems
that resulted in the most waste in the production process were selected for improvement. The results
showed that the causes of the problem were man, machine, raw materials, and environment. Several
methods were used to solve problems, such as the principle of Eliminate Combine Rearrange and
Simplify--ECRS and the use of a check sheet after measuring. After improvement, data were collected
from December 2021 to January 2022. The amount of waste generated in the process was reduced

after improvements. Before improvement, the average waste was 889 meters per month, whereas

after improvement it was 705 meters per month, indicating a 20.7% reduction in waste.

Keywords: QC story, improvement, defect

<4

&

—

unin

YaTuN U dunanUanaIINISUNISHER
fuwltugenniu auamaud funu 191 wagns
daevdusnduilededdaiidwanefnenimuesnis
wistulugpavnssuegeuin v lignamnssusia q
fosndnduabitinannuazliUsinamuaNsens
vesgnineldszeznauaz ingAuifegetediin
fatfunisasusinamendelunszuaunisudslides
a1 Sadudesiiddyiieliaunsodenndaatuanin
ané'amﬁm?{aul,maaagjmaamLam

Tulw.a.2564 LAswgnaveslseinalnglu
lnsunadl 2 venesidosar 7.5 Fudunadidtude
Wisuiluiulasinad 1 luvasideatuniswdnly
NaNgAAMNIINAIINBATveEMLEToay 5.1
FadunisvrasiiaailoIsuiulasuansuniy
AVNYBINTITZADFABLMINTYBIATTBAUA
nsunsszUInvedlsa COVID-19 fidenansznusio

o o oA

wiswghaduddny Wefiarsannisneadisluniadu

FN9 9 WU N5ARETINNALTIURAENYINTIUTLUALTIIA
Y fiufineasluwadnugramnssuuazmsnoads
du  fansenesedwiaiies daununeaiuniatgdu
Tngidulasenisasulassadaiiugu Andudadan
82% vosyarneadumaigiamin fvdeidulesinis
foademsvesmhsnuguasiinvesiinenis
vuzfinuneaseniaensy dulvgiduauneasn
flogjonde idndrudnilu 54% vesyarineainania
ntuiiavin fivdeidununeadlsanugaamngs
(dndan 9%) Wdlvensau (8%) wazdu 9 (29%) W
T3y wawlsanenuna (Office of the National Economics
and Social Development Council, 2021)
vdspurtadniduniddundniusivongy
gRamnIINavIneadiianudongs iesannnds
Aatnihimitniu Saildussudacudszanaly
duvadlassasandnuesinens Snienansondn
Trtieuenlanuaiuiesnis dwalivszndanan

Tun1sAnAs naugsnanIsanuanduanilassasadu

P ERTRer oue Vol. 17 No. 2 May-August 2023

Science and Technology



Tavgdwiultlununeahvizendnsdusmainiuriain
Tutsemelveffusznounisdiuau 308 :18 sauis
A Usznaunsnelngiarseges inliann1sudedu
N9gINIE

visnnanndnnaiaivlunsalnuindu
U%@%ﬁﬂizﬂ@ﬂ@iﬁﬂsﬁugﬂLLB\IIumﬁﬂGﬂiJE‘ULLUULLaz
YUIARMIUAIIUABINITVDIGNAN el dunsundann
dwfugnainnssuneasne saudensiuInisau
aaﬂLLUULLagamﬁgquuﬁwm%UQWQWiéaUgﬂa%waLLU‘U
ATUNAT é’?ﬂ@g’ﬁé’ﬂmmﬁaa NINRLFUNTT UTEN
fidgmvendeitinainnszuiunisudn lnsanis
HanduginasALTaTnkuuTauiu i g Iludveade
\de 889 wWasAaLiiou Fvdwmaseniuaiusalunis
wvedy ndauisanann Jsdimudududesdne
waglianianmnnvesdam iovimaudlutym
wagyibiuTEnnsaifnwausoudsiulugnamngsy
1§ e lalduumavesidaneiansniunisly
nsmangazuildymaeadelviidiuivana

%

AUILEIANITIVY

1) WOAN®INTZUIUNITIIIULALNITHAR
PAIA LT ATNLUULRUIUVDIUSENATAUAN W

2) Wivefin¥uarAsIEa e ueINISinves
e lUNSZUIUNNSHANNAIALUTATNLUULRUIY

3) WieanvaddeMindulunssuIunIsHan
lddpeninsevay 5

= v

wuUIRANGERNAEITS

nouiiAtestunuideiibunguiililu
n15anANgan taun (1) unulslansanvauas
na (causes and effect diagram) Fuduiadesiiofid
UszAnSamgdlunisimsgilunssuiunisuda lay
N1TWAAININANUTUNUT TENT 1T YAz a1
(Tayal et al., 2021) (2) n&nn3 ECRS tWundnnisannis
gudelunseunmssdnuszneumensindn (eliminate)

N13390AU (combine) N13dAlW (Rearrange) WaznIs

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atui 2 Uszdidiou wgun1au-damau 2566

vinlidne (Simplify) (Rijiravanich, 2012; Frievalds &
Niebel, 2021) uay (3) WUsTIUTEAUAINEIAY DD
998 (factor rating method) Fudundnnmsiiiieados
Aunsdndulaldennisden (Kumar & Suresh, 2009)

91NN15815799733IUNTIUNUT Hraeauidde
ladAnwinsuiuusimsananugaalunseuiuns
N8m WU Jantana and Sapsanguanboon (2020)
"3Lﬂiwsﬁ‘i‘jzymmmqmvLﬂaﬁﬁlﬁmsﬁu‘lumzmumimém
windialagldunudauansanvguazna wull anve
fdnanau fio msldfinsdndsutunuiiaonds
amiiAnananinwndon fe madnassiiuiiviney
wazusazandnuegiretu duamniitinainisnis
gy dessetunuuiinoudigtuneusioly 14
FBn15netueliias 9 anduiddndnnis ECRS Tu
nMsufdan Tnensdaassiuiindunuiendnnis
First-In First-Out wagAnsagautiuau sadsnginine
waen1suFulTeseunalunszuIunsHansdinan
a4 5.87 Falus (310 43.81 Falue wde 37.94 Falug)
Andusosay 13.4 90950ULA1NTYNY

Wajanawichakon et al. (2016) Ainwuuanig
udsEAnsAmnsTUILNISHARATe T uRuLHNT8
yuruUneiues faninguasvsdl laeFuan
Anwanndymnisuaninvemdndunuaziinsei
AR veIUyMANUNUY UK UTILAAIALTAUAYHA
mnuldmanns ECRS Tunsudlatiam wu senuuu
Funemsnilranszeymalunsiadeulmvomidnam
MnduRanssuthasnlufsandusiuay 300 Fu/su
NINIUABILAL 300 58U bAszazNIa 1,800LUA5 AR
u 6 wassesou Wéj\‘if\]’]ﬂU%JUUEQ%HUNLLay’JWﬁm’m
Wy 1 seuldnsn 5 3y WlondnAsnst wau 300 3y
NUNIURBILAL 60 SOV 5OUAY 6 1UAT ARUUSYEY
V19 360 WA NUTENI508A52 82190 15sAA 0 Ul
Yaantnauadldla 1,800-360=1,440 WS 130 80%

YDITLHLN LAY

Srichana and Khwalamthan (2012) @inw
nsanvaudslunsyuiunisudndguaen Inglduauls
WARSALVAKAENATUNITMALMATDINTSIAAYDLEY
I1INNTLVIUNTTHAALAEMIRUIMISUNITARTIUIY




voadefiinturnnssuiunisadn aniuldsniu
n1suilvdgminisandsunavesdelunssuiunis
HER Iaen1sHNeUTINENULARIRAAMINNSTUILNNT
UftRnuliignisegdlndda dewalivedeiiingu
MnnsEUILNSHAnSguSonanasiesay 20 uenani
Kheowsank and Worrarat (2012) lavinn1snaassan
voudefiAntulunssuiumandnussyfasinarain
in3eafionsmuguauamiinldie lunsavaey
(Check Sheet) Tngldlunisiiusiuniudoyavesds
wazunuiinsle (Pareto Chart) lagldlun1sdnuun
UseLnnvaadenazdniunaudAyasdanuieng)
80:20 titeidenuilyUszianveadenisurusnniian
nduthiiymaesdeniesgimanauesiym
sounudauaniaauazHa iieswnsnsuily
Jaymeieisnsseauanad #an15UsuUTsaunsnan
vaudainiay Sevas 1.53 anaaluiosas 0.53 uay
Anduyarifianansaanlaia 74,862 el

Wongwanruan (2017) la@nwinsguiunig
HanuuNaReslsdusTnInlagltinadianisudnwuy
du Liieanszezanlunisudnuaziinussansaim
aemsndn sesdledld ldun unuginszuiuns
WA WwAalda Why-Why Analysis nAdAn1sReAIaTY
5W-1H wagsannis ECRS nan1sAnwIwudn aunsnan
Funeua LAY 35 Suneu Wi 30 Turou Andudoas
14.29 deualynalunsHanannLi 2,135 Uyl anad
e 1,376 W19l G'qummmammmgiyl,ﬂdu%qnmm
laAnduSeuay 35.55 wavyvilusea@nsninvesans
nsuanfiudududesay 22.31

Mukem (2018) lafinw n1sanduiunsedes
yuluadsdun TnoUszgndldiadosiionisiugainmn
LATULIMNIYeIAITane3 (QC story) titedumaniug
yestiymuaznsUsul g meanaEn s 13
flefldAe 7QC tools 1HlUsunsudFagy (Minitab
v.18) lun1siiesiesideya saudanisldisuseidu
seauANEAgYYeIUave (factor rating method)
\lodenanivnvestiymifinansznusendn S
wUFudsudly wan1sfnwinudn awnsoandiuiy
nszdasyuluadadudlaununalasanauiiiuiy

Yaady 1,103 ppm amawwie 980 ppm Anluiesay
11 dazununUnaainainaniidnuiuveads 868 ppm
anauuie 423 ppm Andusepsay 51

INNINUILITIUNTINNUT uATeEd
AnaLANAsININATeTinaun ey Tneidunis
Uszgnliiaiosilendn 3 0619 Ae uaudssn wHu
ANAVUAIIY N UAALARIA LR kAT HE Wazn3linan
n13 ECRS waydsusziiiuszaunudragveslads un
Uszgnalilunsiidanediileanveadslunisudn
NILUIUMINAANS IR NUTaTNRUUTauILRg Iy

ad o a a v
9N UUNTTIAY
au o a a « =
MUY UANUUNTITATULUININUDIAIYEN DT

§afl 7 Sumeu fio (1) mssmusiadelam 2) msdis
anmilaatuuaziadimne Tudunoutifunaif
Tayavendunounisuilvtymuazuuuss (3) ms
auNuNIsuAlY (4) nsiesigsinianmg (5) n1s
fvuaunsnisneuldiazy FURRIuLINTA1T T
Gunsudlowasu$uus (6) msfianiuna Tutusey
ifnsfudeyaveadendainisuivlss wae (7) s

ilnduunsgiu

Tudunounissmuntatedaym anddeils
JauszyuninauuTenluseauiimiinudiuig 5
518 (loszauAINARLIiY Iﬂ&]ﬁ’]‘ﬂm%ﬂ‘ﬁdﬁuﬁﬁﬁﬂ
FuainnsufiReulszsifuresnifnanlutunou
YDINTLUIUNINANUINIITANTIUAUY

WAsaedaNlYlunisIae

@ (9

W3l NllunisafiunisIfed fail

1. uwuds91u (low chart diagram) Taludu
nounisdrseanmiagiuuazaudinung ey

IUTUTeYATUABUNINER

2. WHURIANAMUAIIU (gantt chart) T¥lutu
MOUNITINUHULALY LITEIUNULAZAIUANATULIAN
Tunsvinanu

P ERTRer oue Vol. 17 No. 2 May-August 2023

Science and Technology



3. UHURSUARANNRLAYNA (causes and
effect diagram) Wluduneun1siiasizvianve e
Taszranvnvastym

4. WBUsziliuseauanudAguastlads (factor
rating method) l4luduneunsiiasigvimianivg in
auaudAyavnvesdym

nsiusausIndoya

Payanddgluaided fie deyadiuiuves

' v
= I

denindulunszurunsudnlagdnunniudnuae
= 1 = | i 1Y)

Fanuriunnly 2 Fan fie YuneunsuTuyss
wiledeyn Tuauunsiau fis nanau w.e. 2564 wag
Frmdan1susulsauiludgnifousuiau 2564 fs

WO UNIIAN 2565

ananldlun1siinszvideya

[
[ aa a

aa a a A A v
annnlgluanuideil Ao admdanssaun tawn
AND ALY LATAISEYAY

NAN15IY
1) Aumaunsivuaiidavaslynn

luduneuildinihmnessauauomiina
UidvluseRuimiunun edndenthdevestlym
AfansznuseAAAMHANSUeT 91NATUTEYLTEAY
AwAniuasUlein lunssurumswaniiymiReiu
ANNNYBINARS T llaRAd o UAINADINTITVDS
anA biun adugiveswiunaenlidlavunn uku
Ay uasiglvalsiauysal faam 1-3 fadu 3a
svuathdetlym Ao msanveades 3 Ussuanly
NILUIUNAANSIRNUTNATNRUUTRUIY

2) msdrsrvanmdagtuuazasdinung

lunsAnwTunoun1sHan Lwin159m3i1 Flow
Chart Diagram (2% 4) 1o lansdunaulun1suanya

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i s g atuinermansuazinalulad

8 TUADUANUAIAUNBUNAS MINTTUIUNSHARTTUN DY
NIATIADUAMAIN 2 AT AsIwsnidun1snsIasu
ANYIILALTRYYY drupsiNasudunisnsiaasy

ANNENYIAITRINTTEATY LY

A 1 fvgrakiuauebilauus

A 3 dhegeiiglnluildauysel




uennEAMafunvTIteyas LT dediuans
Tups1e 1 doyadwiuvendons 3 Useian Tugas
WauNNIIAL-AAIAN 2564 uandliiiiud dndiuves
Heagluyieiosar 7.15-9.86

o

wningAvnnalnd

I

Fnaow/ Aauny

laiviny
Reject

piY

a 4 a a a
NaniHUvIBIATINRA N ¢ Trly

aonuriuTvly

AN 4 TUABUNITHAS
A15149 1

TIUIUYDIFY IUNTZUIUNISHANNAIA NUTATNUUY
J219Y

AU AISNAR II1UIUVDY AAFIUVDY
(Luns) e (luns)  de (Govaz)
UNTIAN 12,500 894 7.15
nUAUS 11,300 995 8.81
Huney 10,800 960 8.89
Weneu 12,300 887 7.21
NwAIAN 10,800 893 8.27
Uy 11,500 942 8.19
nsNNIAL 9,750 877 8.99
GRRRE 8,650 853 9.86
fugeuy 9,600 830 8.65
AAa1AL 8,600 756 8.79
521 105,800 8,887 -
1y 10580 889 8.40

Sothfeyaveadelutiafeunnsiau-naney
2564 1NTMUNUTELAN (AN 2) WU VeudeUseuny
figlvalaiauysalfiduiumniign sesasunfe wiy
VRIATUU kae ANEIwundIn tdlaaunaudiu
HATINYDITIWIUVBUFLLINAU 8,887 Luns

niuguimsla i mensans
voudelvilaetutesiosas 5 viseanveudslilaoy
N7 844 wasdsiAeu (21 5) wagluiinsusuuss
9g1939mULazNUNaN1sUSUUTluYe 2 ey As
FuAn 2564 89 UNT1AY 2565

[
[

3) JUABUNITINURUNTUA LY

TupaUUlANMUANTBUTZBZIATIUNTI AL
n3un llagldunuiiauimuneIu (gantt chart) fe
LIVADUNGATNIBU W.A.2564 T3 UNTIAN W.A.2565

A1519 2
PIWINYDUFIUAALUSUANIUN TS UIUNITHAN TE T4
1N5IAL D9 9AIAU 2564 (Noulsulzy)

dnwusvaude $wauves  wuvesdunay
e (lwns)  dafieu (wns)

UNUMAIATYU 3,168 316.8
PR R A R P E T 597 59.7
i g Tl Tadanysel 5,122 512.2
334 8,887 889

— 1000 889

@ <844 LunT

% 800

A

- o)

S 600

Pye)

400

=

@

S 200

S

< 0

nauyTuUss naaUTuUge

A 5 1WnungnIsanInuIupgLde

W.A.2564 W.A.2565

unumMsinua

MTAATIZREIR

msﬂﬁﬁﬁmuu\nmqmswﬁﬁ

MIAAAIKA

mnihiiduannsgu

AN 6 WEUNTALTUNTA LY

EAU HERITAGE JOURNAL

Vol. 17 No. 2 May-August 2023

Science and Technology



4) YUABUNITIAATIZHELNA

lumsiianerimanvgvesdgmluusiay
Uszihuldisnisseauauosuansanuaiiuiuimin
wnunuazninauiiiussaunisallisrdeanisly
Uit Tneldunuiauansaumguasnaidundesiloly
NFIATIER NMIRTANanveIdyminnsian
Uaduwdn 1ouA au (man) 38015 (method) A3asdns
(machine) Tmg#u (material) UaganInuwInd ey
(environment) Asiandlunn 7-9

[

e 3 - = %\
fuimsiaulddussidou <

Q
iy o ' o 2
Tafifuiinwrumdan \3

[@)
\?A

5) nMsimuaNIAsN1snauliLasuuRniaensnis

maﬁiﬁmmmuﬁq EAIEUNVALASNE D @ bR

(%

vasnsiindgyyn Mnduihaungianuaindadaiau

=

AanudRatvsvaslymilaeldinae 3 Usenis e
Asvesma ARty AmNguIsIvestiam uazam
Jululalunsuddam wanstinzuuudildainnis
FTANANDIINNUNIIUTEAUIINTIULEAST YR
3-5 ﬂﬁﬂﬁuﬁwmﬂsLLuuﬁléfaJﬁmé’wﬁummﬁﬁmm
nsudledamn mansuszyuldteasuitnumeiils
AzuuLAILA 8 Azuuuiuluazgridenuiduuuanis

Uuugauilelam dauandlunisns 6-8

wueonurulise i \

wulunsaadauau \

wuLaUsEEUASal \

0w wud. ldWeamwe \

] 57
29 QI/V

Tngaululauinsg

dumaunsinaulddaru

WHUNEIATUY

/

AN SIUUANTNALSURAsaU /
7

AN 7 N1TIATIIA NNV UFIUTHLANURUNAIATYY

3
a wa 7

wue ldufuRiamtunounisieu

sensor LA3IINIOMUANRANAIAN \

£ " 3
anndd sensor ity \ &

\

\t

\

oV

e v
v lufiaug

pudlinsadinau

Y ;
PULAIANATDHANAIN \ z

\

anuenlildvng

i A
Fupaumsiaulidaru

WVamstuaninfiausuRavou /

égi
S
Q

7

AN 8 MFAATIZIMIELUABLdsU TNl ldvua

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atui 2 Uszdidiou wgun1au-damau 2566




3
a wa 1

we lduiAnutunoumsvinau

gauvgillulel

funauasaiiiavan wuliagauiaio \

Waiindaldainaue \ wuelinseaeuu \
Z
o Y ou o D ¥ & a
nseAwauuliasanivliaiin \%‘ FULAIALASDRANATA \;
\a Y
[e] >
# g Tl Liawugal
4 &
& o ' S & 9 5y 5
fuivihaenliwingay wea) /9 tunaumsvilidaru /3
3 7 Q
& o ' o 0] o i v oa /
PIARUAMWHUWEAT / 8 vamstmuanthiinnuiuiiavey  /
7

/

AN 9 NMFATgvimatgvendeyssianiiglnaldauysal

1319 3

N5IAAIAUAIINE 1A YOI UNA YOI TN UK UNAIAIYU

amnvasdym AU anaguuss  Aanadululdly  azuuwsaw
yaalgyn vasUayun nsuA ludeyinn

1 2 3 4 1 2 3 4 1 2 3 4

Man

- wiinauldseislusenineenuny / / / 8
- wilnaulinsiageuu / / / 8
- wnuIaUsTaUNIT / / / 5
- Puundnauldifisane / / / 9
Method

- Fupeunsieulddaeu / / / 6
~lalfmsvuanindianusuReveu / / / 6
Material

- Inghvlalaunsgu / / / 10

Environment

- unnrsvinaulididussdeu / / / 11

- fuilidisawalunisinakiundaan / / / 11

FAU HERTRE oA Vol. 17 No. 2 May-August 2023

Science and Technology




A1574 4
mMsinaumIuTIAgvesansvesdymnIuelulavuin

anvnvastynn AUd AUTULTS anadululdluy  azuuusa
vaalgym vaalgym nsufiludeymn

12 3 4 1 2 3 4 1 2 3 4

Man

- liufiRmuduneu / / / 6

- fmnuslaiiivane / / / 4

- ldnsaiaeu / / / 8

~ fernaIosRnnana / / / 8

Machine

- Sensor BIUARANAIA / / / 8

- Qﬂﬂgx'i Sensor $tlgym / / / 8

Method

- Fumeunsvhenilyidaiou / / / 6

- ladfinstvuaniifianuduiinvey / / / 6
M99 5

msinaInuaaIRgvasaungvestlyniylnulsauysal

dunnvastym AU AUTULTS anadululdlu  Azuuu
vaalgym vaalgym nsufiludeymn 394

12 3 4 1 2 3 4 1 2 3 4

Man

- liufuRnnuduney / / / 8
- wifnaliiegnuiaie / / / 10
- wiinsuldnsieae vy / / / 8
- wifnaudsAadasianann / / / 7
Machine

- Agaumgiveandesdaliifulumuiidmua / / / 9
- drunanasIARANaIn / / / 10
- dndaldainaue / / / 10
- nszawanIulasesiuldain / / / 10
Method

- fuppunsialiidneu / / / 6
~LaifnsmuaniifianusuReveu / / / 6

Environment

¥
a o

- fuinsvhaulduangay / /

1

- funldiganalunisinausundann / /

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 < < B
i ¢ g atuineeansuazinalulad




HAINAITIAFIAUANUFIAYVBIAUNAVDY miﬁmumlﬁwﬁmmﬂﬁﬁamm%umwﬁﬁﬁmu niay
Hamilunaifaveadedts 3 Uszuavluaiaa 3-5 an  AunsineusuLABuay 1 a¥s nssmusliniingy
thunfinsuienuuimdunsudladgmusar  asefanuudinsondoyalulunsisaeuny wumg
Uszunndanandlumsng 6-8 msivuasuaniens  lunisedledgmduedenns wu anslindnau
uilvgmlnewinaussduivihadiivszaunsel  vihnstigednvidadesdu
Isaguuumaeiddglunmsuiluliamilinainau w

A1514 6
UwINNN U vy musunasmyu

AUNANAN A1A509 wuanensuiludeymn

AUAY (man) wilnauldseivluseninenuiy ndnaudfifanuduseunisufifau
Work Instryction wieufiui1 Training
Wouar 1 A3

Fruundnauladileans mmﬁlﬂmw@’ﬂmi ECRS U
1) aALaESINTUABUNITNIU
2) ONLUULAYAIS Jig JUUNLATNANLNY

NRIA
nnaulinsisasuay TninaunsI9TnnULa1890aLaNIIATIA
Ja9uasly Check Sheet
AuingAy (material) Togaulilaumsgiu n1sAnLden Supplier lagdsiu Supplier 7
GRRIIRIG LR
ANUANINLINA DY wunn1sinaulalidussidau A1AMEUAINTTY 5a
(environment) ¥

WuANRunasalalileana 99 Layout Tny

A1519 7
wuINNAIsuA [y dgminerauruvainlulayuin

dnuen #1410 309 uwanenisudledeim
AUAY (man) winalinsainnundnauds indnauessianuudiadeyan1sna
ANLATBINANATA Tauaslu Check Sheet

TindnaudjifaudunounisuiiRau
Work Instruction #3asfiuvi Training LAy
Ay 1 A

AULATD99nS (Machine) UGBS BIUAIRANANS Tinidnawin PM Wasiu laen1sviiadg
avongnnasvesduesvniu ndudniu

annaawuwesivym T13U3Ena1guenfiiuszaunIsalvin PM
W3auvin Calibration Uag 1 A

EAU HERITAGE JOURNAL

Vol. 17 No. 2 May-August 2023

Science and Technology




M15749 8
uwanNmsun lydeymignulsauysal

dunauan GANGEEN

wuanen1suiludsym

AuAl (man)

wiinauliegauaIas

AULATD99nS (Machine)
ANUNAINURA

AuNaNasAIRANAS

andnliatinaus

nszAwauIulasaeiulilain

nwonuliujuRaudunau

Agamgivenniodaliiduly

Tindnaudjuaautunsunisufjiaeau
Work Instruction wiaufiuvi1 Training Loy
ay 1 A%a

TNINURTITNNULEI8IT0YAN1IATII
Tmauaslu Check Sheet

TN unsITnnuudIadeoyan1sngia
Tna1uadly Check Sheet

MeUTEnNeueniiuszaunisalvin PM nia
91 calibration Uag 1 A9

MeUTENAeuenfiiuszaun1salin PM nieu
91N calibration Uay 1 A9

19911 PM 1Up9AU WU A15YNANAL IR
2n Mmedmdnauesniy

gonuuumsasiunseaulilvidiunszay
LAABDUNTEMINWATDINNGTU

Pnuwnensualatgniluaisie 6-8 1Al
nsihludfiRmudteudlutamiistu Seduuamis
fgdldaunsasiiunis Tun 11599 Layout e
whladymituinnaukundsatlalifieas was msudle
Hoymuieriuiadosdng deglutuneunisiiansan
YBIHUINT

4.6 N1SANNIUNA

wamuﬁmaunwﬁagaﬁhmumaaL%&Jﬁtﬁm
Julunsrurunmandnndsnisuiulgs wandumisg
9 Tngupudslumousuinmu 2564 Windu 740 LWAS
Andudndiureadesasay 7.58 druvedsluiieu
1N1AY 2565 WU 670 was Antdudadiuveads
$ovay 6.44 Fauanawwilduanas Aeludnaiuaes
deluriafeusuiay 2564 feunsiau 2565 WAy
Souag 6.99

WadwunUsennuessdeniinduluy 9
SuaAy 2564 89 UNSIAY 2565 wudduveade
UTELANUHUNAIATYU 423 1UAT AIUETILNUNEIAN

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atui 2 Uszdidiou wgun1au-damau 2566

Luildvundiuau 60 wns uagiiglnalyiauysal 91w
927 105 (11519 10) IneAnduredsvaudssarmou
WINAU 211.5 Wms 30.0 WA way 463.5 e A1

(%

AR

f1319 9

TIUIUYDUFITNANTUIUNTEUIUNITHENTE 79
5127A4 2564 §9 UnTIAN 2565 (MAIUTUUTY)

ey ATWEAR S LNGE] fadauvaude
(Lans) (CH) (5owaz)

§A 2564 9,760 740 7.58

uA 2565 10,400 670 6.44

33U 20,160 1,410 -

iy 10,080 705 6.99




M13149 10
TIVIVaN YL Yo UFUNTLUIUNITHAN TEUI
5127A4 2564 §9 UnTIAN 2565 (MAIUTUUTY)

M1319 12
TS uigun nadgana 1uveuae N Ty
NTEYIUNITHANTENINADUUTUUFIUAENAIUTUUSY

anwuzvade FMUIUVDIEY ULV T
(uns) \ndefaLfou
(un3)
UHUNRIATYU 423 2115
anugldlavuin 60 30.0
figlvwldauysnl 927 463.5
33U 1,410 705
M1919 11

msiSguLiigunuadedIuIuveudeninndulu
NTEUIUATTHNAN T I NN OUUSUUTIUA NAIUS U

anwale MUY MUY dndu

Y Lde Jaalduinde  voudulndy  veuduianas
nouUsulse  wawiulge  (Gewaz/diow)
(lns/dau)  (luns/heu)

WHUIFIATYU 316.8 2115 33.2

anuelalle 59.7 30 49.7

YU

glviulal 512.2 463.5 9.5

auysal

Nnes 11 dlenfSeuiiisutoyariadsves
\HenouLanaInITUTUUTe wud veudeuseinnieu
Ay UARAITeEaE 33.2 doliiou YaddeUTELAn
anuonlildvuinndsanasiesas 49.7 deoifou
wazvadeuszianiiglnuliauysalanasievay 9.5
oLfau

doTiangrinanisaidumsudlvuiuugves
FofAatulunssuiuniasdandeiuianuoud
AU Aauanslun11e 12 wudn neudsulgadidnuiu
veudelady 889 lmsdelfou ntUFuUgadu
veudelade 705 wasdoiiou Andudadiuveade
anasfenay 20.7 Fen1suiudgudludigmiliAniy
Fnandwalvdndiuvedoiadoanas

MsHAARINA  Shuduvesduiade
(uns/tiau) (ns/viau)
nouusuls 10,580 889
VGNTEIIEN 10,080 705
fadruvondvanas (Fevay/hou) 20.7

deiFsuiiisunansuuussiutmneves
Juinisiideanisansiuiuvetdeiiiniuly
NTYUIUNSHAR I LA D8 19U DESBEAE 5 NUIN &
Srurnanasmutneiidivun Tnsaunsaanves
Feowwdudowiiouann 889 wns dawou adldnde
705 wasdeeulasdndudesar 20.7 Faunnan
Sovay 5 firnvualy

1000 889

flau

800 705

de/L

600

P

UIUVDILEYLR

400
200

°

neuluUgs NI
AW 10 nan1sUSuUswendeintulunseuiunis
WA

4.7 mavilidusnsgiu

NEVEHIINNTATIZINGVDINTWA ey
wuih aansnanveadefiAntulunssuiunmananls
959 Fathuvamsnsudledgymudaindusnnsgiu
nMsUftReu fdl (1) favingiieTBufoRnu (work
instruction) laud giiadsn1sufuRaunismsey
TagiuldgnsruIunsnge Ailedsn1suuRaunig
InARULHUNAIAT kazaladsn1sUURun1sAnily
Il (2) I99iuena1InsIva UL LakA 1BNa1snIa
aounvhutunountsinaew/nsFaALE KL

P ERTRer oue Vol. 17 No. 2 May-August 2023

Science and Technology



vdanuazionasnTIvaeuNsTULATedaitg iy
uay (3) davienansmaigainuidedestuedesing
Jesdu Idud msnsnistigednuidstiosiueiosn
aaundIAn uagasansimstseinwidedestu
\n3esdndigln

n1sanUsIeNa
Haa1nNTlTuRuRILansamnLazralung
Anszailymmsinvoadelunuddeidvinldase
szyammastigmnaiavendsld wenaininng
uAladgymaaeasnisnng 9 wu Asldwannis ECRS
Tnensanuasmduneumsvihau safenissmuals
wihnufoinmtuneuuiiRnuuazmsinousy vl
anewgalaanmsiinvesdeadld daaenndesiu
9UIT8U8Y Jantana and Sapsanguanboon (2020)
AFunudsuansananaznalunisiasgidym
argayUaiAntulunssuiunssdaesdeuarly
wann1s ECRS lumsusuuseihlvianugsuandana
anatsoyay 13.4 Y9338ULIAINTTVINNY

d3UNan133e

Mnuan ANy lelgminisie
Ya9A8lUNTTUIUNISHAANSIA U ATNLUUTRUIU
AUUUINITBIAITANDS ausaasunalanadl

<4

1) NaN1IANYINTLUIUNMITVINNIURAZNITWER
naIALUaInkuUiauIuYesuTENnAAnYINY I
Hymmdnvesnunmueawdnfusiflidenadeaiu
ANABINITVDINAT LA AIUAIINEIIVDILKY
waemllavwn uiuvdsnyy way elnaldauysal

2) MainveadeUssinmusiundanyuiiud
anvndfu1an 4 Uade Ae au Tngau 5adu
N13 WaTANTNLINGON NTNAVBAAEUTHANAIILYT
wundalalgvunadianvnuiain 3 Jade fe au s
fuiunis uay Le3esdng waznisiinveadeUssian
Aglnaldanysalianvadidguiain 4 Uady fe Au
Fuduns anmwndey waz 1A30sdns

3) Wosdudumsuiuusaieudlyiymud
Anadovesueadsanidunoutiuuss 889 Lunsde
Wou anaunde 705 wasdeiou TneAndudndud
anasiesay 20.7 %ammdwﬁumLﬂmmmaﬂﬁu‘%mi
fideensansiuauvendeiiintulunszuiunisnan
Tnlseegetiovsanay 5

&
g }%; g

References

Frievalds, A., & Niebel, B. (2021). Niebel’s methods, standards, & work design (13th ed.). US: McGraw-Hill.

Jantana, W., & Sapsanguanboon, W. (2020). Productivity Improvement in Ceramic Production Process:

A case study of factory in Samut Prakan Province. Songklanakarin Journal of Management

Sciences, 37(2), 58-83. (in Thai)

Kheowsank, T., & Worrarat, S. (2012). Defectives reduction in vacuum forming production process.
Proceeding of IE Network Conference 2012 (pp.725-729). Petchburi: Sripatum University.

(in Thai)

Kumar, S. A., & Suresh, N. (2009). Operations management. New Delhi: New Age International Publishers.

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

=p

Ui 17 atiufl 2 Usedudou wuniau-Aamey 2566




Mukem, M. (2018). Damaged can reduction in warehouse department: A case study of Siam

International Food Co., Ltd. (Research report). Songkla: Songkla University. (in Thai)

Office of the National Economics and Social Development Council. (2021). Production approach
construction. gross domestic product: Q2/2021, 3-4. Retrieved from
https://www.nesdc.go.th/ewt_w3c/main.php?filename=ggdp_page.

Rijiravanich, V. (2012). Work study principles and case studies (8th ed.). Bangkok: Chulalongkorn
University. (in Thai)

Srichana, P., & Khwalamthan, P. (2012). The reduction wasted materials in concrete brick production
process study: Maha-Anajak Company Limited (Research report). Udonthani:
Udonthani Rajabhat University. (in Thai)

Tayal, A, Kalsi, N. S., Gupta, M. K., Pimenov, D. Y., Sarikaya, M., & Pruncu, C. I., (2021). Effectiveness
improvement in manufacturing Industry, trilogy study and open innovation dynamics.
Journal of Open Innovation: Technology, Market, and Complexity, 7(1), 7.
https://doi.org/10.3390/joitmc 7010007

Wajanawichakorn, K., Srisawat, P., & Thippo, W. (2016). Efficiency improvement of the pottery production
process to reduce waste and increase the production quality: Case study of HUAYWANGNONG
Pottery Group, Ubonratchathani. UBU Engineering Journal, 9(2), 38-46. (in Thai)

Wongwanruan, T. (2017). Improvement of bottle pasteurized milk production process using lean

manufacturing technique (Master’s project). Chiang Mai: Chiang Mai University. (in Thai)

<

&

FAU HERTRE oA Vol. 17 No. 2 May-August 2023

Science and Technology




nsfaaszifasUfisenussian SBA-15 iilegadudday
A Facile One-Pot Hydrothermal Technique of SBA-15 for
Their Excellent Dye Adsorption

qnns yaydu' Paramasivam Shanmugam' Uaum dnvanisinsed”

algaAng unmes’ uazguItiun waue’

Supakorn Boonyuenl, Paramasivam Shanmugaml, Panod Lukkanavarapomz,
Nattapat Kaewthong” and Suchanun Phuangnak’

'A1AIYNAN AMEINGIAIERNT NNINGIRETITUANANS AUTIEN

'Department of Chemistry, Faculty of Science and Technology, Thammasat University
1ATINTT I ANLINYIANENS UNNINU1FEFITUAEANS AUDTIEN

’SCiUS TU, Faculty of Science and Technology, Thammasat University
Received: February 21, 2023

Revised: April 22, 2023

AcceptedaApril 27, 2023

UNANYD

wlemeadanivia SBA-15 Aduiuseufisenlagld Pluronic P123 wazinnsziefiaeiinddinanieulagliis
nslelnsimesuoasgraiieil 100 ssmwaldea lWunan 24 $2lus ausnen1wn7 500 ssrwasaiduian
12 $ls Fanunlenedaiin SBA-15 HduaszinFeuiosud azgnihluiinszsiesdusznouedlassaing
semadanismesduszneunslasiaiiuaiivesasingldamenadutiadunsise (Fourier Transform
Infrared Spectroscopic-FT-IR) ﬂﬁaﬂi}amiﬂﬂaLﬁﬂmamwudmﬂhu (Transmission Electron Microscope--TEM)
waameiuiidime nngnuhomedamagaduuialulasiou (N, sorption surface area and porosity
analysis-BET) dmunisgaduniousasinisgaduddennielunat 40 $alus wuin wiiduug Methylene
Blue (0.0067 s) wiialilaian Methyl Violet (0.0036 s*) aaslnisa Congo Red (0.0035 s?) way lsandiud
Rhodamine B (0.0018 s') dddoumanifimnuduiivgiiigumniivies Tnedusaufizen sBA-15 fvunadu
ugunatsvesgnguUszanal 5.0431 wilung Weld@issUfAzen SBA-15 Usunw 5 Sadnfu avawnsa
@ﬂﬁu?ﬁé’amﬁﬁm%’u 500 ppm lpgnadiuseananmlag i 73.80 82.20 wag 100 % dwisu Aedlnise wiiaklowan
waziiduugld muddu Tnedssfiser TUSB fanmannsalunisgaduddeundriguazsand 3
Aneanlunisimunldlugeamnssula

U

ArdAey: Wwlenedadany SBA-15 nsaaduddeu
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Abstract

Mesoporous silica SBA-15 containing Pluronic P123 triblock copolymer as a surfactant framework and
tetraethyl orthosilicate--TEOS as an organosilica precursor was prepared by a facile one-step hydrothermal
technique at 100 °C for 24 hours, followed by calcination at 500 °C for 12 hours. The neat SBA-15
was characterized by Fourier transform infrared spectroscopy--FT-IR, Transmission Electron Microscopy
--TEM, and N2 sorption surface area and porosity analysis (BET). Furthermore, the SBA-15 indicated
high adsorption capacity within 40 hours. The dyes and their adsorption rates include Methylene
Blue (0.0067 s™), Methyl Violet (0.0036 s™), Congo Red (0.0035 s™), and Rhodamine B (0.0018 s*). The
pore diameter of the material is about 5.0431 nm. The SBA-15 catalyst 5 mg can adsorb 500 ppm dye
solutions at 73.80, 82.20, and 100% for Congo Red, Methyl Violet, and Methylene Blue, respectively.
The catalysts have a high and fast absorption capacity for these dyes. It has the potential to develop

industrial applications.

Keywords: Mesoporous silica, SBA-15, dye adsorption
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dmeildinsvudeulundani Swsdmansznu
douywd uiazaunarefunafiviifusunsede
Al Teluewan (Boonyayut, Sangsirimongkolying
& Sakong, 2019) Hilgnanunssudmelulssmele
Uaqdu d9uau Wiusntu uazwudn fnreutigm
UdenAdon asguvasn Suthandedgmdunde
wazdamansenuluandsdoyuvy Adendunisnd
Usuaglyiamusnenaiu wu iiduug Methylene Blue
@i wiialhlewn Methyl Violet (Eihs) padnisn
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(@vam) lunszuaunsdenazdeddouiiindeainnis
fou TnglFarsiall wdriidoudesasgunash ulflu
USmnanfisadntios avdwmadedsdidinluuah i
fituazdn uanzfnnsazavdsmaluszorenigy
AAAMUAINTTOIUNITHUATIEYRAIYDINY TINTIES
wasotlédu wazvilidniurseianeld (Abazari,

e —

a A

Salehi & Mahjoub, 2018) yafiwiidAayfign Ao &
fou sz ddenduvidnivszqazannsnavarelily
thuagmnfiansdnmen Wedrgumaaing vieade
onathdaldonidesanilassairluanafidudou
(Abukhadra, Adlii & Bakry, 2019) uagn1sgovdany
yatnne fadumeluladiildiuiluuagldldmn
fignlumstdauafiviunmomaidoonaininde fe
ﬂﬂi@ﬂ%’U (Sharma et al., 2019; Boukoussa et al.,
2021) nadinduagnansenuiiiudunsiemani
tninmansinazwersusniagidnaasdiunn
safuiileysaisngaduiiidunud uaziduiingiu
Andoutuiouldvangngugs Suiifann wu diu
unav viseuslalalud dolomite Faiduasnguuaaiion
wunfi@euAIsUBLUn (Garmia, Zaghouane-Boudiaf,
&lbbora, 2018; Aichour, Zaghouane-Boudiaf, Iborra
& Polo, 2018)

Fandanszvnfisngu losuanvaulady
fuawilosmniuiamzaunlguasduhugudna
swyuivuTnalFnua TR wenNiidsaninsn
Usuanminvestanlvidusyafivngausonstdauld
wilw-weSadant SBA-15 legnianldauiivannvane
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Fonuautivesnisiisngu uasiuiiiags dalvaflu
n1siseufisen (Liu, Yang, Zhang & Huang, 2015;
Nasrullah, Bhat, Naecem, Isa & Danish, 2018) ’J’ﬂﬂ
ffignusnnuasfivuaiivhiuegradusadeu s
wedafimuaiesnennudeustediteddy (Tan
and Ting, 2014); Oussalah, Boukerroui, Aichour
and Djellouli, 2019)

Tuadnladiniswenguiaundaunsigi wle-
wosadan1anlelfondainn wuin vuingngudiled
AULANANSTY wazdadldnszurunsidudou s
MINANSANATAALTIRIRT surfactant 3g¥aeluns
muArLAvesgnulaalassaisilfaziianudy
seidaumnnzunnisinlulgau (Stucky & Kim, 2000)
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Fudoury sol-gel lunuAdeilauladnwinszuiunis
Funseniteldansndveslinandnun ieldiu
Janifigngu wlv-nwe3addn1 SBA-15 uazinmy
AnuaEnsalunisgaduddon 4 vila lawn lsandud
(Rhodamine B) AaslnLsn (Congo Red) wiialilotan

(Methyl Violet) wagiuiiauug (Methylene Blue)

mgUsEaA
1. ieduAsevisagefise SBA-15

2. viteldifiseUfATen SBA-15 Mduaszsily
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(Congo Red) wifiakilawan (Methyl Violet) uagisifiauug
(Methylene Blue)
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order) @309 transmission electron microscope
(TEM) JEOL 3u JEM-2100 Plus

arsiadildlunsdanseidns sufasen
SBA-15 Usznause anszlefiasesn@ainm Pluronic
P123 nsnlalasnanin lwieunaslsd was viusiaann
lovau

1. N19EUATIZAAIIUGATN SBA-15
AaUfATeN SBA-15 duaszilagazany
Pluronic P123 (@15a1nualaseasns) 0.500 nsu Tu
a1savanensalalasaaesnduty 2 lua1s Usunw
20.000 n3u waztidleifsunaslsauSuiea 0.175 nsu
nuansararedunan 2 $alus vinseaasazane
Wnselofiaeasindaing 1.050 nsunglanisniueeng
590157 mmqummuuasﬂmﬁazmaﬁqmmﬁ
35 pemwadoa 1Junan 24 $3lue way 100 99
wadea Wunan 24 42l thansazanswadiléun
509 wardeiainduaull pH WHunans suwiedl
gumgdl 100 asrniwaldea 1unan 12 $alus wagih
U igamail 500 esmwadea 1Wuan 12 2l
nsneaasldviinisdansiziansiuan 5 aduile
Tlsansusunannnelunisimsizvinageu

2. N5ATILRATIUAE1 SBA-15

asfidaunseildgninlududulassaisdog
N&999anN3IAIBIANATEULUUADINIU (Transmission
Electron Microscope--TEM) WS auIAS LTI
Fumg yuagnsumemalianisgaduuialulasiau
(N2 sorption surface area and porosity analysis-
BET gﬂLLUUﬂﬁ@J@%’ULﬁuLLUU Pseudo-first order)
AAT1EReIAUIENOURIlATIAS 1A EATIANI I
ssfUsznaumilasiasaeiivesansingld aruenindy
18U 5R (Fourier Transform Infrared Spectroscopic—
FT-IR)

3. MINAFRUAIS U NTe1 SBA-15
NsVegaUiusIUisen SBA-15 vilaanisin
SBA-15 d1uau 5 fadnu lUgadudden Inuddeud




dungadu fiaududusiniu 500 ppm luanie
vignila uiliiduna 60 uiil wazAamuanigdud
7t 60 uay 72 Flus Inemsneaosldvinnisnageus
3 a%y Fedenléun Tsmiiud (Rhodamine B) padlnisn
(Congo Red) wiiaklawan (Methyl Violet) uagiiiiauug
(Methylene Blue) 1hiluSnAngandunassneiedes 33104
awnnsinlafimes (UV-Vis spectrophotometer) way
n1smMUTIIUSesarn1IAAdy MAINANNIT

% = (Ao_At)X'ZOO/Ao (1)

NaN1INAaBY

1. MFIATIZAANBAENIINIBAINVBIAATIURATEN
SBA-15

NNTEUIUNTHUATIZH SBA-15 Teminnann
35715 989 Wang et al. (2004) A18A15W&x Pluronic
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Hunan 24 Falus dieldansimunifnujizoldess
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fFnnses uazdredeinduandunans wioldans
feruitmdelunisdunsiesiean ndwnduheeneud
g7ils weuliuiud i luwnitela Pluronic P123
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Abstract

Most elderly people have increasingly suffered from chronic diseases. Artificial Intelligence--Al is often
developed for treating the elderly’s health care in the backend tier in a form of classifying the results
of being diseased and the risk of disease. This limitation leads to two proposed research objectives:
(1) to develop the Al platform on the semantic knowledge base (AISKBP) for recommending the elderly with
chronic disease care and (2) to assess the AISKB’s performance. The results of developing the AISKB
can be classified into five parts: the user interfaces for inserting health values, the machine learning
in classifying symptoms and diseases by training from the online health disease and stroke dataset,
the semantic knowledge base with 33 nodes and 4 knowledge layers, the semantic rules with 6
parts, and displaying the elderly health categorization recommendation according to the disease and
symptom classification results. AISKBP was developed using machine learning techniques for building
disease classification models and connecting with the extracted ontology and semantic knowledge
base from specialist doctors. It can provide automatic health care recommendations based on the
elderly’s health states measured from loT health sensors, medical Bluetooth devices, and user input
via user interfaces. AISKBP can classify symptoms and diseases with a decision tree algorithm that
has a maximum average accuracy of 100 percent. The health care recommendation with semantic

knowledge base has correct and comprehensive results with an F-measure of 92.3%.

Keywords: platform, Artificial Intelligence, Semantic Knowledge Base, chronic disease, elderly
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dlufinaousae ML iaiagtheviliinszsuiunsadng
Tuaiionsduundussansamiuanndu uazds
walviiemusiuglunsduunsadnsgadunium
(Ayranci et al., 2022) Snuuvnavilslunisviaeusiu
n3UsEaanared ML wazeaulnlad agvinsanang
flagrstusedane3iin ML wu wudsulinisdadu
Ta wdnidludesulnlad antusiiunsiiide
NQBaPAMLNG SWRL Llolanssadnsannnseyny
warlnmeinauladugning lUSE (Massari, Sabour,
Mhammediand & Gherabi, 2022) Fslun1ssiu
middeadedl Iasadunouitnisussinanasiuiu
semI19 ML AU SKB fla$resne ooulnlad A
LANFSNEBIIE NG 2 Ingaztinan1sieen
danesfiu ML 1Agafunatadimeuvesenislsa 4
p1dntuiuggeeny Swfunisisdeyanzguam
AnsaanuanuinUnd wagngAnssuaauideamng
gunmeing 9 AdasAsitedluannumaneg i
dudngnseusnw/duausidanuiAuugdinisgua
avamdiduuselond Tiunsliunduaegeeny
dlngianudesnisdnfedoys wayldaussuy
fid1y (Tanhan, 2016) T Adgualdidfeiiu
uwanrlauuuedotedumeiiin Saunamiosuias
Pglun1sidseiuasidunsun1minLIuILTIves
o1nslsnFesaanmh uarilugnistasandngints
edinnseviviulugaseny

o/

nUTEaIAnITIdY

1. weWaunaanesudyniUssAvguu
FIUANUFTIAUNLY HDNITHULUINITALATNY

TspiSeveadasons
LURCT] 9

2. Wislsziliuuszaniamvesunanesy
Uayay1UsgAvg uugnuainuidennuvanglitants
wugthnsguasnulsaisesivesrdaseny
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a o d' d' v
UNLNYIVDY
1. ANSIUNDINTTISAEDTINIEY ML Waznns

WAUIAIALNAANDSY @1U1TaULAUINANITANEN

av o a v o &
NUNIUITUTIYNLNYTIVDY PINU

Shashwith, Prasad, Reddy, Krishna and
Ramesh (2022) Waiuuagnaaeaussuuiiioriuig
Tsavilashe ML fifiuszavsamanniign lngldgndeya
UCI Machine Learning Tun1sasnsluinan1saniunwna

N33 WU Fanesyiu Random Forest Wusanasiiu
nilUszAnsnmasgn lneilA1Augnaes 90.16%

Bora, Gutta and Hadaegh (2022) Taganasiiu
ML Tumsvihweglsaiala lngldyatoya UCI Machine
Learning UseNouUAELannstld 14 $19n15 91U
303 fegetoya Suwundu 13 Audnvuz uazyn
1838371 Kaggle Usgnaumie wosvsdag 11 518013
$1uau 1,190 fregstoya Insaesudoyaldimun
panaAmeu Ao Wulseiile warlidulseiile wa
NINAADUUTEANSNINBITANDITN ML 7119 9 WU
dvSuyatayaila UC danesiiu SYM Tininausiugh
lumsvinegegn winiu 92% uazynteya Kaggle
9ane39u Random Forest Tiaaaiuglunsviuneg
g9an Wit 94.12% wagnansnaasufuyndoyadi

Y 9

ANTINNIARIYAT YA I8 U WU Faneiiy

Random Forest Taduusiugilun1sviunegean
Wiy 93.31%

Janruang et al. (2022) WalnAdviaunwanwa sy
L‘ﬁaLﬁuﬁﬂamwmﬁmmimmg”l,l,azu’imﬂﬁiuﬁa
MsALLATYEAgILIIN Fensilaidunisinauy
ponilu 2 dauvan laun dausunastiu (back end)
wazauIITI (front end) TauvidinsuUsdns
dwdudltan edhfsilsddunisiiau uazteya
ansauwmanig 9 faunsathlvldusslenivaznou
Tandanudaansfiuandnsfunignguyana uas
836ns FaunamrlesufdasstreriliiAnssuunis
YIUINITIIMAUVRIAU AIINF NTEUIUNT WEASTN
KAZUINNTTY

Sailasya and Kumari (2021) 168’6461‘51}@336

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i g g atuinermansuazinalulad

Kaggle ﬁ’ué’aﬂa'%ﬁuﬂm'%aug”'ﬁuaam%wm 5 Tuns
Murglsavaenldonauas lawn logistic regression,
decision tree random forest K-nearest neighbor
support vector machine ag naive Bayes WU

naive Bayes dimuusiuggeanvinfiu 82%

2. mMsaineaulnlaglunisuugiinisgua
Shwilsalsese wagn1sysanIsiu ML aunsai
LAUBNANIANYINUNIVITa A4 Al

Massari et al. (2022) thiaueisnsidosulnlad
Tunsviuneuaresuigen1sees Covid-19 Wagyinng
eoulnlad wae ML Tunguesdanasiiudulddnduls
fldasravpuaidesnnuvansluseulnlad nanns3de
wud Ussavsnmiiasaduannissanesulvlad ua
ML fauusiugininnislgiiiesdanasyiu ML Ineiien
AU 97.4%

Larentis et al. (2021) Wanneeulvladiile
Fusunuresermilumsguasnulsalifndeiioss
Ineldlusunsu Protége 5.5.0 Tunisasisoaulnlad
#18 Web Language OWL wazivuang SWRL Lile
fvmndonai uarmsdavanavveduannuiignies
ieliiAnUszansamluniseyuiuaug saufy

'
o o ¥ b4

nsldAdsaauniutoyasniuniy) SPARQL @evinlv

s o

IanadnsAwuzdniiniswenlesludatayaninus
NetwmuveunALaulaveIfUIeNuiass uaz
ansatglunisfnwr/Seuinsgualsalilfingess
AgAULeIaY1EUTEENS AN

Sittijuk, Sanchana, Market and Thanadechopol

= ¥

(2019) Anwwazsruindeyassdnimifioatuayy
nvitadeuaziuzinaiaguangUlsiaiesly
naulsnlifnsiaFess Mnvilsdauagssmenisunme
wazmIUTITeyasidanung ey Tneld
wndawalild tiieynadiguauideumine
drweeulnlad Sruruoun 93 Tuun useenidu 4
sediutu aseumgulunslisuugilugunisnga
Ann1ueInN15lsa nsuuztnsguaguanlungulsa
AAasm Msuuztlavuinig mseeniidsnieuay

nsinenmUndn a51951uN9WeALNENY (SWRL




rules) Tun1seuuLazIULINTYLATNYINININTS
TsAuazlannzyana J91udu 15 gIung LieUszana
HaTINAUNALNNISYI9IUTDS Machine Learning #78
weighted nearest neighbor algorithm wu31 suUU
anan3nvIEINTURARRTe LarNARUNANATIY
fAnuwsiudgagainiu 84% Uagseuuaninsoaua
warlvirmuuzihnisauwaguamihefndeslsossgnsios
warAsUNIU laalarn F-measure Wiy 97%

3. pskrudlumsguasnulaadesilulaeeny
ansadauoNansANYINUNIUNLATeTiAETeq
ail

Archanupab (2010) dnauenu3lunis
auadnwlsadetiludaeeny agulddn Tsailauas
vaoadenluggiony dninanmsiivialaviniden
luvdeldes nieviaemidenitilafiu audwariliin
amziladumanld ieldsosdinisnsiatadnsinis
wWurasiladndudy vseuRadmenseld finns
Aanmrnanuiulafineswieiiles uazdinisaounn
oAz uafivinendaude adiilonsae
WueIN1s Amskuriinsguakazdesiu wu n1s
ATUALBINNT mimuamﬁmﬁﬂ@h nseRNMaINNY
n13AIUANEINITIsARNGUlafings N5inHBu Lag
AANEANILATEALILALTY dmSunmInTiafanuuLee
wugthnsguasnulsanasaienauedlugaseny as
finnsesaiaguamdostuduieatulsailouay
viaonidon uiaguansstunssidesdinisnsainuay
aounufinAuAgIfUeINTUIUBNAIINTULTIVEY
15 laun aubilunisldnauvesdalinitund s
meladmielianaue uisBenuazumndou
#1499 fiatundanguiseglunnsiaifes Tdud
nafinuranaviu n1sddnemswayluga i
el uazdensniau Wudy silileonsianuoinis
Amswuzinisguasazdesiu  wu nsfudseniu
oIamdnlaruinis uazillusiusn nswdndh
wazquaLKanaviu kaznsvinigamurdaluriinig
Ang o udu

Awandun1sidy
1. M15aFegIuANNdnuvIngesulnla
gianisguainuilsaFesludaceny

ooulvladiitoaiuayumslimuuzihmsgua
%ﬂ‘uﬂmL'%a%’ﬂgﬂa%'w‘ﬁyumﬂmﬁﬂmmmumu%’a
994 Sittijuk et al. (2019) fivn1sasiseeulnlad
dmsufunudaierlu 6 nqulsn lnweeulvladi
HIUNITATITVIUAINYNADIAINUNNEG NEUR Uae
Fnmenmtida s1uau 20 au dufideudosuda T
miAdeildinmadannglasaiiwosivunaaiug
wazANduRUSIanig 2 naulse uag 1 81013 Law
el lsaviaendenaues waznnziiladuman die
thanldanu saianisAnwilassadsvesyateyanis
vunglsaanurasesulall Ae UCI Machine Learning
ez Kaggle Lﬁaﬁwamé’ﬂwmzLLazﬂmaﬁmauma%’N
ImmmmifuazﬁmwmwmsJLﬁmauawuaaﬂﬂa
§ Joilildeulnladiifilszansnmuazaenndaafiu
1ASIET19VRYATBYAR 9 A9 1

v
A v

90 1 seulnladiitensguasnulsaGoss
Tuffateny Usznoudae 33 nunaus wusanuiidu
4 ety TavanusnesuienvasBenvedlaseain
arusluwsiazdulanagy dil duaauiil o Ae nua
Armdudn dunnudi 1 unuanudifetuitng
519 inAuA™ MIRTIINgAnsIIANLEDS F5n153nw
LAZNITYUARULBIMIUVANLAYUINTT (Agapito et al,,
2018) N1500Nn71&9N18 (Spoladore et al., 2022) Lay
msvimenmita (Samal et al, 2021) Fumii 2
urwaniilunvasiBendos 4 vedluunaiuy
Tuduil 1 Tneillvuanrnuifiddy leun nisidensie
f‘TUL%uL%as‘i’mmqﬁumwﬁugm (Ahmed et al., 2022)
nsuugihlimuaremsludiugs wazn1sfuuseniu
019113 5 vy avaduugiilumsldaulnglvevica
0IMs uazduaT 3 Turmanudiiduneasden
gy 9 ?Jaqiwuﬂmm%‘lu%uﬁ 2 Mnauernufiieaiy
AMNIqUA T LazAINgANTIIANLLEBAAS 9 TiFeq
77193 INMTU N IHIUBULES Lagk1uN1INTeN
ToyalngeaalATANs1INEY (Pa.)

Tnewsedledlumsiannooulnlaglutuneu
il Ao Wsunsu Protége 1a$e 5.5.0

2. anlnenssy wazduneuianisUszuna
wamfuvesnsfouvennies wazosulvladiile

wugthnsguasnulsaiseselugaeny
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Predicted health’s class

Disease / No disease
Risk / Not risk

A

.-,4

o YV Ls
Semantic rules

Give Knowledge

Elderly
Medical Persons Ontology T

Response health cares recommendation

a2 anndeenssunisinaulunmsuvewnaaresudygyruseiviuugiuauiideniuranegiivenis
wuzihnsguashelsaisesiveadeny

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
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N0 2 saulnladgnadieainesdaiug
PNYABININNNTUNNETIAUNSITAUEN YL AN
vosndayaseulavifeiulsavinlanazlsanaoniden
aues PNThNsHATURNET LN | vesyadoyaii
ulassasnaveseeulnlad ludiuves ML azvinsasns
lAan159uuNe1N1sLsANYAtayaning 1 udds
AANAAIADY JINAUAINISEUAMATN1IATIRAAL
1NEgee1eaIen1snIantayaniy User interface

AuNeTiasety WieasnamuuriinsguaguaIng
wnraniueInslsn warauRnunffinsanunduly
fatfgeeny anAgauavie oaw. tiethiuuzilldgua
auesiihisldinuduweundinduiiasvildAnany
zanauelun1si1desz UL (Ashfaq et al., 2022)
funeuisnsUsznanasiufuresniaGeus
YoaiATes LLasaaquIagLﬁaLLugﬁwmi@JLLa%’ﬂ‘mTiﬂéa%’ﬁ
ludaseey aunsauanssielAnsiaiioy (pseudo

WAZN13M3I93AAIY Sensor NG NHlAIMNNRA  code) Anw 3

Uni dadnansiuiuieasuaiuludangniseyunuia

MLModel = “Innitial Classification ML are MLP, SVM, RF, KNN, and DT”
Dataset = “Source of UCI Machine Learning or Kaggle”
Ontology = “Owl File”
Newdata = “Personal health check up results via Uls and Sensors”
PredictedClass, AbnormalHealth = TrainModel_Predicted(MLModel, Dataset, Newdata)
HealthCaresRecommend = Match_Recommend([PredictedClass, AbnormalHealth],
Ontology)
TrainModel_Predicted(MLModel, Dataset, Newdata) :
TrainedModel = Train(MLModel, Dataset)
PredictedClass = Predicted(TrainedModel, Newdata)
HealthCriteria = “Normal health criteria of PredictedClass”
AbnormalHealth = PersonalHealthCheckUp(Newdata, HealthCriteria)
Return PredictedClass, AbnormalHealth
PersonalHealthCheckUp(Newdata, HealthCriteria) :
If(Newdata <> HealthCriteria) :
AbnormalHealth = GetFeatureName(Newdata)
Return AbnormalHealth
Match_Recommend(Predicted, Ontology) :
While(Keyword in Predicted) :
While(Class in Ontology) :
If(Keyword == Class) :
HealthCaresRecommend = SemanticRules(Class)

Retumn HealthCaresRecommend

A 3 Pseudo code TunpuIinIsUsEInaNasNiuvenseuivatasaaraaulnladiiiouuriinigua
Snwlsasesiludgeeny
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971 Pseudo code MW 3 @nunsaeSunelanadl

1. WA TrainModel_Predicted() (ns19@0u
nsaznai) asidlana ML Tunsiuundaya 210
qusﬁa;gaaaulaﬁ UCI Machine Learning or Kaggle
ievinsduundesinislsaandeyananisnia
HUNINVRIGIDL A AT Mntuaginsteaa
ATIREUNINENG ) lUnT IR UUNUNALVENNS
Msunng iloszynudnyuznEguAMRRaUNA e
#erd PersonalHealthCheckUp() (ns1ad@aun1sazng
#1) andurhnisdsnduluifionansdiugdns
Auaaunmefiandu Match_Recommend() (1533
#OUNTAZNAAN)

2. #9ftu Match_Recommend() (51980
ANSALNAAN)

yhmsrauaaatoninslan waraudnuae
AMzguAmAiRaUnATiswunleiae ML figniZendn
Keyword fulesse$ia Class uuseulvilad ileddloyany
mm%;l,ﬁamil,l,uzﬁﬁmi@LLaEfszWBhu Semantic Rules
ﬁaﬁ”wﬁuﬁwmm Semantic Rule Language--SWRL
LazuansHaAILLLINIUAgUA NI AL Y
g nslsalviungldsely

lneilfag1anisaiiang SWRL Tuniseysnu
Aufiieliruuginnsguaguaniaieneiidulse
15859 flanm 5

Training dataset

Generate DT Model
- Extract DT’s features by

Information gain (Entropy)
- Set max depth

New heath state data

AN 4 TURBUNNTAS1LULARLAZYINUNEAIE DT

Predicted disease class

elderly(?e) A disease(?d) A hasDisease(?e, 7d) A checkhealth(?ch) A hasCheckHealth(?d,?ch) »
food(?f) A hasFood(?ch, ?f) A drinking(?dk) A cancel(?ch, 7dk)
hasExercise(?d, ?ec) A herb(?h) A hasTreatment(?ch, ?h) A foodmenu(?fm) A hasingredient(?fm, ?f) A

hasingredient(?fm, ?h) -> sqwrl:select(?e, 2d, 2ch, 2dk, 7f, ?ec, 7h, 2fm)

A exercise(?ec) A

A 5 ng) SWRL Tuniseyuiuauiauuginnisquaauninggeeigidulsnizess

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

2 Uszdifiou weun1au-demau 2566

=p

I 17 atiu




9100 5 ng) SWRL agyimsaiamaraiioaysy
Anuinsguaguamvesgsenglunmsmiiiulse
Foerna 1 finseungu 6 dau lduA (1) ansiinisnste
Farguan (2) lenuAmisguamiiinnd azdes
azTungAnssudes (3) Muusevue I IaLman
1awunnis (@) mseenmdsmeiiuangauiulsa (5) N3
Tayulnslumsthdaenmslsadesiu waz (6) ms
wughyensiiasogunmitldayulnsSudiunay

Tnenasosdefildlunsimuunanlosuaan
Uszhvslutuneud 1dun n1w Python iftewamn
9an939uU ML UUUFIUAUNSITIANNIY ko
%19 AP ieliusnsuiiuneunainduiiiamunde
aw1 PHP lunnsideudszaunisUssanana uay
Fetoya swtetmurssuuinnisgudoyalagld
TUsunsy MySQL iilesausudeyananisnsiainei
HUNNVBILFI

3. N3UsTuUsEANS A MR Nanla Ty
Jeyy1UseRug uuguaudeauningiivenis
wuzihnsguashelsaisesiveateny

MAUAITNNSNAFDU bazUseliuUsEansnm
6 o v 1 o dy
Yoananosy kunle 2 d7u f9dl

3.1 38n1smedeu wavUseiliudsednsaw
Y838ane3NN1TEUIvauATasluNITTIMUNBINTT
ANuRaUnAveslsAseveegiey

a

YINNSNAADUUSLANSNINVBIDANDSNUNTS

v
v a

SEUFVBUATRIN 4 yila el

1) Neural network faan1513ii9as hidden
layer sizes = (3,3), activation="relu’, optimizer

= ‘adam’ waz usoURNaaUluwa 31U 500 SOU

2) SVM #4A11513u9835 kernel="linear’
wazn1sivuaszezvaulunsIwundeya (C=1.0)

3) KNN flaannsiiines 7 k=3

4) Decision tree AANNSITLMBS criterion="

entropy” Wag max depth=3

lngdana3fiu ML 19 9 3vinsuszananaiuyndoya
mensunndesulal 3 unastoyalunisiuienadng
Tneyadeyasng 4 lFeunenmdnuaedifeiiuony e
o1 anuramansa/lan/men3e ngiinssunsaEUYYS
9 IMsAnUNATInTIINY WATNANTIIMNTBIUZURNT
fatiyndeyalsaala Ussneude 13 audnvo uasd
2 aanadnau lowd Wulsamile wazliidulsaiila
Yatoyanngmlanuval Usenausie 11 Auanyuy
wazdl 2 Aanamneu laun innziiladuman uag
Liiinn1eiiladuman wazyadoyalsaviasniien
auee Usenausig 11 Aaudnuay avll 2 Aanad ey
oA ulsavaandenaues uazldidulsavasnidon
@193 (Noh & Cho, 2022) Tmﬁmumé’mwdaulﬂum
Tayannaou 70% uazyatayanaaay 30% (Sitka,
Wieczorek & Wozniak, 2022) LAIYINISNTBLANY
srensdhetsteyaiiduvesyanaiifieny >= 60 U
wiotnldau Tdun gadoyaviunenisifnlsasiila
(Fruautsnun 309 $18ms wadugndeyafinasu
216 518M13 Uavyadayanaaay 93 $18n13) Ynvoya
nsvemsinnneiladue (Sauivmun 170
3183 wunduyadeyaiingeu 119 5180115 uavyn
Toyanaaay 51 $18713) uazyadeyanisiuienis
Arlsavnanidonanss (Suauskoun 1,304 318013
windugadeyalnaeu 912 518015 wazyadeya
VAEaU 392 $18n13) 394 Training set Aildad13luina
0913 3 15A/01013 SrUTIVILA 1,247 519015 Uag
Test set S1UAUTIVLA 536 576715 WEWNSFIUIL
MUs2ANENNIUNISTIUNAINBUUBIDANDILLARY
wuv lagltmatansuiituuunsng Jupalle et al.,
2022) fig5n15tunnN 1 lnevinnsneeeusudane3iy
ML #113 9 LiieTaadiieates S1uou 3 s wuin Ty
AT AU DENUUINATEIU (SD) YB9AN Accuracy
Precision Recall wa F-Measure #3als ﬁﬂ'%aﬁ'aagj
#1314 0.00-0.577

INANTN 1 Tenseaansiviiunelagnees
LLazﬂm‘wmngﬂﬁwmﬁwmmﬂsxﬁmﬁmwmaﬁé'aﬂa%ﬁm
A9 9 A9aun1s9 1-6 (Jupalle et.al., 2022)
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11319 1

IATNARDUN ITULUNS AT NDAIUIAIA LML YE 1
N39uunlsAITaTIY0 g0 7¢

wiase “lulsn”  witase “laidulsa”

YUY TP (True FP (False
“Wulse” Positive) Positive)
YUY FN (False TN (True
“lsBulsm” Negative) Negative)
TP rate = _ TP (1)
TP+FN)
FP rate = __FP (2)
(TN+FP)
Accuracy = __ (TP+TN) (3)
(TP+FP+TN+FN)
Precision = TP (4)
(TP+FP)
Recall = TP (5)
(TP+FN)
F-Measure = (2 Recall*Precision (6)

(Recall+Precision )

3.2 /n1edeu kazUseidiulsesdnsninnig
duAudeyaduuziinisguasnuilsacmegiuaingg
IB9IANUNUNE

yhmsAnwmuvLsasumETFRa
Tunsguagunindgaeny ierdmundddalunis
duAu (SK--Searching Keyword) fia lsavila (heart
disease) uazlinnasniaanaund (stroke) uazAdfgy
Fifuatnnung (TK-Target keyword) fiaséunu/
feglumuuziinisguaaunin 5 61u laud A1unng
ATIviaAguAIW FunsanazianngAnssudes fu
TA9uIN1581M15 A1UN1508NMEINTY karaunIsiY
ayulnsifievidndnudeaueadosiu Tnsdinasi
Tunsnaaeu 3 wannsal WA o TK Aduduls
uazgnaesmunmanls (A) $1uau TK figndesnia

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

)

U 17 atui 2 Uszdidiou wgun1au-damau 2566

awanle uligndudu (8) uazdiuau TK fdudu
14 usilsigndesmuniuaula (© antduiiasng 9
wmwInUszansamlunisduAuAwuziinmegy
AUILTIANUNNEIEAT Precision Wag Recall A
aun1si 7-8 uagMAN F-Measure f3aunnil 6

Precission = A (7)
(A+C) x 100%

Recall = A (8)
(A+B) x 100%

NAN15398

1. wan1swsunanasulayyiussfvg
vugIuANFITsnnumneLiien1suusin1sua
Snwlsnidefavesigeeny Tavanunsaiiaus User
interface Tuflafdunisviauitddayse q &l

Y =

1 6 uanstayardatengneglunisguaves

Y 9
=

v v dl 1 ¢ dl U
Wt flundlisnuguatn/eay. Jaasigeulealuds
Hendun1sidInansI9InAIMIEIAIN N5V
IsAila nvinlaauvian kaslsAvaandonauad Lay
N1338NAAILUEYITIANUNLBLNBNITAUAAVAIN

& Y o ) 'z °
Wasnuiwdnzauniulse/a1n1s Wngiendunisyingu
Tuniaedl LWounaiUsanNesNy ML LBk
ARNAAINBUVDILTA/BINT WATAIARNEAINDY haY
AMITRDI NN NI AEITBlURUA A WUz
n1sguaguaAINmIizanivyana Fe5ausinlily
aaulvlag

NN 7 Hengun1sdiatanusulain
LAEERIINTSLA UYL LavuanInanIsuuiin way
sm%aaummﬁmﬂﬂﬁmaqquﬁumwmmL‘Q"aulﬁu
NINSUNNERIY Rule base wanthmlulglunisiune
naruRaUnAURdlsA/en1salenalnaesganasiy
ML UugIuAN3IRANMINe wtnstdnAngae
Famaunnweing o) aganunsadiangunsaliuLes
loT ity sufsgunsainmsunngidsanin
Bluetooth LLa:’,ﬂ’liﬂiaﬂﬁTayjaﬂm User Interface ‘f‘j
lednaae




SMART AGING HEALTH CARE FOR NCDS

..I- L 4 r awzifisudquaibe  ena/dasuains  euushasquaiboarnsaeea msdewnonauwmg gfamshinusan Gecaiudien
~— —e
uanvayargearyiiqua/daenaaimsibe tivdaya
Ay [fa wuana e (1 U snsannsihe n'\si’mmumms/n'mqumwmmi/m':xs{un'mﬁaﬂnﬁﬁwu AuunhmsuaguMu
< vinnsmsilulsailauasuaaaidan
1 e ({9278 LW NS0 2 o
- nosuvIne $nd (68 - R L vimnamsiiaamsihlasuman
Ruzayy pSulyediana ® & 2 4
5 : [amsenaiagunm phunsnsiAalsavaaaidanauasandyl
< o % vimnanmsilulsailauazvaanidan
2 < lgoany duwany duwa fviueainsainsaiasunn a p
= nInUANTEYU A3TI65 g a pe vimnamsiieamsihlasuman
Auziayy i p5ulediana uasasIiagunu & = -
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Abstract

This analytical cross-sectional study aimed to investigate the factors associated with falls among the
Thai elderly in Pathum Thani province. The sample group consisted of 90 elderly people selected by
purposive random sampling from three sub-district health-promoting hospitals. Questionnaires were
used to collect data on physical health, mental health, daily activities, and the risk of falling. Data were
analyzed by descriptive statistics: Frequency, percentage, mean, standard deviation, and chi-square
test, with a level of significance of .05. The results showed that age and the fall risk conditions leading
to falls were significantly related to the falls of the elderly (p-value .001%). For the health conditions
in the community, physical health, mental health, activities of daily living, risky behavior leading to
falling, living environment, gender, occupation, income, chronic diseases, and BMI were found not to
be associated with the falls of the elderly. The results of the research can be used to set up a policy
for sub-district health-promoting hospitals that is focused on the importance of falls in the elderly,
especially for enhancing the health of adults in physical aspects and building knowledge on health

care for the elderly whose body mass index is higher than normal.

Keywords: falls, Thai elderly, risky behavior
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Introduction

Falling is a prominent public health
problem found mostly in the elderly. It can cause
accidents and injuries, leading to mental impairment,
broken bones dislocated joints or muscle pain
in various parts of the body. (Assantachai, 2003)
Around 20.00-40.00% of the elderly experience
falling at least once per year (National Institute
for Clinical Excellence, 2004). Falling can be attributed
as the cause of most injuries in the elderly with
40.40% of incidences of falls occurring in the
elderly in the Thai community being 18.7% and
are found 3.4 times more in men than in women.

(Department of Disease Control, 2018)

Falling is the reason for various accidents,
injury, disablilties, death, and even trauma9. Studies
have found that 90% of broken hip joints in the
elderly are cause by falling, which hospitalized
the elderly for double the period when compared
to other injuries10. The more injuries that occur

in the elderly, the more funds the government
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needs to accommodate the increasing medical
expenses. Therefore, the department of public
health has conducted a study and estimated that
there will be an increase in medical expenses for
the elderly which will be increased from 14,340.9
million Thai baht in BE 2540 to 35,549.7 million
Thai baht in BE 2554 (an estimation of medical
costs before the “30 baht” project)

In 2020, Thailand had a total population
of 66.5 million persons, and the number is increasing
at a decelerating pace. Just 50 years ago, the Thai
older persons aged 60 years and over totaled
2 million persons. By 2020, that number had
increased six-fold to 12 million, reaching nearly 1
in 5 Thais (18%). Thailand is expected to become
a “completely aged society” by the year 2022.
The “Million Birth Cohort,” or those Thais born
between 1963 and 1983, are equivalent to a
demographic “tsunami”, that will be gradually
flooding Thai society with each passing year
(Foundation of Thai Gerontology Research and
Development Institute (TGRI), 2022)




Currently, based on the statistics on the seniors of
Thailand on the 31st of December BE 2562, there
are roughly 11,136,059 citizens who are aged 60
and above (4,920,297 male and 6,215,762 female)
from a total of 66,215,762 citizens of Thailand
where 16.73% are seniors. (Department of Elderly
Affairs, 2019) Death from falling is as high as 1,600
cases per year, attributed as the second highest
cause of unintentional death after car accidents.
One-third of those who are aged 60 and above
have an increased risk of injury the older they
are. (Bangkok Hospital, 2019)

There was a study on the fall prevention
policy and implementation in Thailand BE 2563.
The results showed that among factors related
to accidental falls in the elderly, those living in
rural areas, working, and those who could not
see had an increased risk of falling from an accident.
As for the elderly who were married and lived
together with their spouse, the risk of falls was
reduced. As for health behavior, it was found
that the elderly who exercised were associated
with falling compared with the elderly who did
not exercise. For the environmental factors, it
was found that for the elderly who had toilets
outside the house, the risk of falling increased.

(Ketpitchayawattana & Kongboon, 2020)

As previously mentioned, the main causes
of falling consist of internal and external factors.
Internal factors may include age, history of falling,
chronic diseases, hearing problems, balance difficulties,
walking difficulties, depression, anxiety and different
types of medication. External factors may include
environmental risks like broken pathways and
risky behaviors like wearing shoes that do not fit,
wearing a sarong (a length of fabric worn wrapped
around the waist), or skirts that are too long. This

study conducted an analytical cross-sectional

study with the purpose to investigate the factors
associated with falls among the Thai elderly in

in Pathum Thani Province.

Methods

This analytical cross-sectional study was
designed to collect data from December 2019
to February 2020. The sample study was the 90
Thai elderly. The researcher used convenient
sampling from 3 Tambon Health Promoting Hospitals
in Pathum Thani Province because the data collection
period was during the severe COVID-19 outbreak.
A purposive sampling method was used as follows
inclusion criteria: Step 1: Pathum Thani Provincial
Public Health Office selected three different
tambon health promotion hospitals, Step 2:
random sampling, cluster random sampling,
and simple random sampling was used to gather
information. The targeted participants included
seniors who were aged 60 and above and were
further categorized into early elderly people (ages
60-69), middle elderly (aged 70-79), and the late
elderly (aged 80 and above) elderly people who
were not bedridden, not disabled, did not have
amnesia, or who had no specific symptoms or
disease. exclusion criteria: who refuses to participate

in the project.

Data instruments and data collection procedure

The research instrument is comprised of
a set of interview questionnaires to collect data
by using checklists and open-ended questions.
The questionnaire was divided into the following:
Part 1: Demographic characteristics, the research
made this section to record the general information
of the interviewed elderly, Part 2: Falling of Thai

elderly people comprised 10 items to choose to
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have or not to have various choices, Part 3: Fall risk
condition is made up of five factors. (Thiamwon, 2008;
Papol & Khlueinak, 2021), Part 4: Health conditions
of Thai elderly people in the community consist
of: Physical health-nine questions were adapted
from Maitri Tiyarattanakun. (Tiyarattanakun, 1993)
These factors were determined through a rating
scale divided into five categories ranging from
never to always. There were 11 questions on
the mental health of the elderly (Department
of Medical Services, 2019; Department of Mental
Health, 2019), A total of 11 questions were a yes
or no type for two questions and a rating scale
for the other nine questions. Activities of Daily
Living: ADL was based on Barthel’s Activities of
Daily Living Index, Barthel ADI. The instrument
was comprised of 10 items covering personal care
and mobility, with a full score of 20 indicating
functional independence (Barthel Activities of
Daily Living Index, 2019), Part 5: Risky behavior
leading to falling with a total of six questions
comprised of two choices, yes or no (Muangsiri,
Maharachpong & Rodjarkpai, 2017), and Part 6:
The living environment consisted of seven factors
that determined the factors that may contribute

to the falling of the elderly.

The content of the questionnaires was
validated by a qualified committee (I0C=0.85),
and it was also tested for reliability before its
administration to the participants. The questionnaire
was tested for reliability with a similar group of
30 Thai elderly individuals aged 60 and above.
Cronbach’s Alpha of 0.689, 0.846, 0.789, and 0.679
were obtained for the reliability of the physical
health, mental health, activities of daily living, and
risky behavior leading to falling. The investigators
explained the complete details of the research

project and assured their participants’ confidentiality.
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The participants were asked to give their written
informed consent forms before the administration of
the questionnaire and data collection. The researchers
checked for completeness of answered questionnaires

at the end of the interview sessions.

The data were analyzed using the SPSS
version 18. Descriptive statistics were calculated
to describe the sample and occurrence of falls
including distribution, frequency, percentage,
mean, and standard deviation. The chi-square
test was used to explain the relationship between
health condition, demographic characteristics,
risky behavior leading to falling, living environment,
and fall risk conditions among the falls of Thai
elderly people in the community in Pathum Thani

Province at a confidence level of 0.05.

Ethics

The present research has been approved
by the Pathum Thani Medical and Sanitary Human
Ethics Committee for research ethics (Certificate of
Approval: PPHO-REC 2562/014). The participants
were provided with detailed research information
and written informed consent was obtained from
each recruited participant. The confidentiality of
respondents in this present research was fully

provided with the concealment of their identities.

Results

This analytical cross-sectional study was
conducted with the participants who were aged
60 years and above, both male and female. The
age group was divided into early elderly people
(ages 60-69), middle elderly people (aged 70-79),
and the late elderly people (aged 80 and above).

The interview questionnaires were checked for




completeness and the 90 returned survey forms

were analyzed.

The demographic characteristics of the
sample of 90 elderly showed that 76.67% were
females, 23.33% were aged between 60-69 years
with a mean age of 73.68 years. The most common
occupations were staying at home, employee,
and trader (49.14%, 27.06%, and 23.53% respectively).
Sources of income were mainly from elderly subsistence
welfare and others (71.76% and 28.24% respectively).
Common ways for the treatment of illnesses and
injuries used by the elderly in the community were
get treatment from a Promotion Hospital/Tambon
Health, using drugs from the drug store, and do
not have treatment/let the injury heal (62.12%,
27.27%, and 10.61% respectively). Investigating
the most common activities around the house,
82.02% were activities done inside the house. The
calculated average BMI of the elderly community
was 64.44% with the under to normal weight
and the overweight to severely obese 35.56%.
The falls of Thai elderly people in Pathum Thani

Province have found that in the past 12 months,

Table 1

46.67% of the elderly experienced falling. For the
past 12 months, the elderly in the community
experienced falling, with 40.00% experiencing it
one to two times, 3.33% experiencing it three to
four times, and 1.11% experiencing it more than
six times. Based on the interview, 36.24% of the
participants were more cautious while walking

to avoid falling.

Table 1 Health condition of Thai elderly
people is related to falling where it shows no
statistical significance (p-value>.05). Therefore, it
can be concluded that different health conditions of
Thai elderly people do not affect falling. Moreover,
the elderly who had moderate health concerns
fell more than those with more serious health

conditions.

Demographic characteristics such as gender,
occupation, income, chronic diseases, and treatments
related to falling are not statistically significant
(p-value>.05). Therefore, the demographic characteristics

and falling are not different.

The relationship between health condition, demographic characteristics, risky behavior leading to

falling, living environment, and falls risk conditions among the falls of Thai elderly people in the

community, Pathum Thani Province (n=90)

The Falls Total % Chi- p-value
Had Square
Have
never % %
fallen
fallen
Health condition of Thai elderly people in the community
Healthy at a moderate level 38 61.29 38.71 62 100.00  5.602 0.061
Have many to most health 10 35.71 64.29 28 100.00
problems
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Table 1 (continue)

The Falls Total % Chi-  p-value
Square
Had 4
Have
never % %
fallen
fallen

Physical health

Have little awareness of their 31 63.27 18 36.73 49 100.00 5.234 0.155
health

Have low to moderate 20 48.78 21 51.22 a1 100.00
awareness of their health

Mental health

Moderate to Low level of 16 64.00 10 36.00 26 100.00 2.571  0.276
depression

No depression 32 50.00 32 50.00 64 100.00

Activities of Daily Living

Slightly dependent 8 50.00 8 50.00 16 100.00 0.081 0.768
Independent a0 54.05 34 45.95 74 100.00

Risky behavior leading to falling

No risky behavior 6 23.07 20 76.92 26 100.00 1.032a  0.309
Have risky behavior 46 54.76 38 45.24 64 100.00

Living environment (Home/Outdoor environment in the home)

Safe 8 57.14 6 42.85 14 100.00 0.323  0.571
Unsafe 39 51.32 37 48.68 76 100.00

Fall risk conditions leading Thai elderly to fall

Have lower risks of falling 29 96.67 1 3.33 30 100.00 33951la <.001
Have risks of falling 19 31.67 41 68.33 60 100.00

Demographic Characteristics

Age group (Years)

60-69 7 22.58 24 77.42 31 100.00 17.972 <.001
70-79 20 68.97 9 31.03 29 100.00

> 80 21 70.00 9 30.00 30 100.00

Gender

Male 12 57.14 9 42.86 21 100.00 0.163 0.689
Female 36 52.17 33 47.83 69 100.00
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Table 1 (continue)

The Falls Total % Chi-  p-value
Had Square
Have
never % %
fallen
fallen

Occupation
Staying at home 24 57.14 18 42.86 42 100.00 6.842  0.654
Employee (government/ 9 32.14 19 67.86 28 100.00
private)
Trade 13 65.00 7 35.00 20 100.00
Income
Elderly subsistence welfare 35 57.38 26 42.62 61 100.00 1.454  0.694
other than welfare for 12 41.37 17 58.63 29 100.00
the elderly
Chronic diseases
Do not have 8 57.14 6 42.86 14 100.00 0.092 0.756
Have 40 52.63 36 47.37 76 100.00
BMI
Under-normal weight 30 60.00 28 40.00 58 100.00 1990  0.737
Overweight-Severely 18 62.50 14 37.50 32 100.00

obese

Note. p<.05 using the chi-square test indicates a statistically significant fall risk across each explana-

tory variable.

Discussion

The research results revealed that 46.67%
of the elderly experienced falling in the past
12 months with only 6.67% never experiencing
falling. The number of falling cases that have
occurred during the past 12 months were those
who experienced falling at least 1 to 2 times,
mostly during daytime. Once fallen, most of the
elderly were able to support themselves. The
health condition of the elderly makes them more
susceptible to falling, with over half of the elderly

having moderate health problems, meaning that

the overall health of the elderly community is
fair. However, almost all of the participants had

risky behaviors that could lead to falling.

From the result found that the health
conditions and falling had no relationship (p-value=.064).
The reason may be that overall, their health
condition both physical and mental, as well as their
behavior are all at a moderate level. Characteristics
such as gender, occupation, income, chronic diseases,
treatment of illness, BMI, and risky behavior leading
to falling had no relationship (p-value=.689, .654,
.694, 756 and .737 respectively). This may be from
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the fact that both male and female elderly had
similar experiences with falling. Elderly women who
wore large pants, skirts/sarongs, and shoes that
are not slip-resistant may fall easily. The elderly
with chronic diseases had experienced falling, with
those who were overweight experiencing it the
most. The elderly who were either underweight
or overweight also had similar experiences with
falling. These factors are not consistent with the
study of Vipavee Kitkumhang, Nipat Kittimanon,
and Supasit Pannarunothai. (Kitkumhang V, 2006)
However, results that are related to the age group
of the participants had a strong relationship to
falling and were significant (p-value<.001%). This
may be from the fact that the elderly had similar
numbers of those who have experienced and
those who have not. Based on the interview, the
elderly in the community were more careful while
walking to prevent falling. The elderly from ages
60 to 69 were considered early elderly people
and still had strong bodies and were more careless
than other age groups, which was similar to the
study of Jitapunkul et al. (1998) Risky behavior
and living environment are correlated with falling as
a p-value=.05 show no significant difference. This
may be from the fact that the elderly who experience
falling do not exhibit risky behavior. This is associated
with the study of Huang et al. (2003) who examined
the risks of the elderly who are aged 65 and above
and found that they had experienced falling.

However, fall risk conditions were associated
with falling in the Thai elderly (p-value<.001%).
This may be from the fact that over half of the
elderly in the community are at risk of falling with
overall female participants having no difficulties
with sight, walking, and balancing. These findings
contradict the study of Jitapunkul et al. (1998);
Susilowati (2020) have found that the factor that
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is highly related to falling in the elderly were

problems with sight, walking, and balancing.

Recommendations

An important risk factor that was associated
with falls of Thai elderly people in the community
was the age group and the fall risk conditions
leading to falling (p-valuex<.01). The results of the
research will help provincial and district levels of
public health to create policy for tambon health
promotion hospitals to focus on the dangers of
falling, especially on maintaining a healthy body
condition in adults, raising awareness of bodily
changes, exercising, diet, and encouraging annual
health check-ups. The local administration should
have plans to improve the environmental conditions
to suit the elderly in both residential and public
spaces as well as provide walking aids to low-
income elderly who live in a high-risk environment.
It is recommended for future researchers to have
a universal scale to measure the eyesight of the
participants which is the Snellen Chart with is
comprised of numbers with varying sizes to determine

the capability of sight of the participants.

Limitations of the study

This study had several limitations that are
worthy of mention. First, data collection through a
questionnaire interview might be subject to recall
bias. Second, the sample used in this study was
purposive sampling and because the data collection
period was during the severe COVID-19 outbreak
and the elderly group was a vulnerable group, the
provincial public health office selected districts
and sub-district health promotion hospitals to
collect the data. Therefore, the number of the

sample group is limited. Furthermore, this study




was based on cross-sectional data, and we can ~ Acknowledgments
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and consequences in terms of the type of injury
were not assessed and should be evaluated in

future studies.
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Abstract

The main objective of this mixed-methods research was to investigate the causal relationship between
factors influencing glycemic control behaviors among the elderly with type 2 diabetes mellitus and
uncontrolled blood sugar levels at Phrom Phiram Hospital in Phitsanulok Province. The researcher
collected the data from 200 samples with a questionnaire at a reliability of 0.92 and tested the
causal relationship model with Structural Equation Modeling--SEM implementation from February to
June 2022. The results found that the majority of the sample was 84.5% female. 77.5% had HbA1C
values of 7.0-7.9 mg/dL. 97.0% were taking medicines. 2.0% were taking injections, and 1.0% were
taking pills and injections. The results of the causal relationship analysis were as follows: (1) Social
support had a direct effect on health literacy (b=0.27 p-value<.05) and glycemic control behavior
(b=0.08, p-value<.05). There was an indirect effect on glycemic control behavior through health literacy
(b= 0.08 p-value<.05) and (2) self-efficacy had a direct effect on health literacy (b=0.49, p-value<.05)
and glycemic control behavior (b=0.44 p-value<.05). There was an indirect effect on glycemic control
behavior through health literacy (b=0.15 p-value<.05), and (3) health literacy had a direct effect on
glycemic control behavior (b=0.30 p-value<.05). This study found that social support, self-efficacy,

and health literacy co-explained the variance in glycemic control behavior at 43.0%.

Keywords: elderly, type 2 diabetes mellitus, glycemic control behavior, Health Literacy
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Abstract

This research aims to study the effect of alcohol hand sanitizer on a latent fingerprint on a metronic
poly mailer. Ten donors (five males and five females) were using alcohol hand sanitizer, and 30 samples
were collected. They were asked to deposit their fingerprints on a metronic polymer mailer. The
prints were analyzed by the magnetic powder method to detect latent fingerprints. The Automated
Fingerprint Identification System (AFIS) was used to detect the minutiae of the prints. Then, their
quality was assessed based on criteria. The quality of fingerprints was compared between males and
females; the result showed no difference. Also, the latent fingerprint from AFIS was compared with
the one analyzed by the researcher; the result shows that some minutiae were detected by the
researcher but not by AFIS. These minutiae were matched with black ink. Some minutiae from the
researcher were detected, but not in black ink. The minutiae of fingerprints that used alcohol hand
sanitizer were assessed, and 33.33 percent of them had more than ten minutiae detected. In conclu-

sion, this method could be used in Thailand’s court system.

Keywords: hand sanitizer, latent fingerprints, minutiae, magnetic powders
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Fingerprint Identification System--AFIS)
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6. N13IATITUATUUUAMAINGIY Independent
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AT B INANddaE Independent T-Test sz
Auidesiudl 95% felusunsy GraphPad Prism
8.3.0 #nilA1 p-value<.05 DOINLAIULANGIAY
agltpd Agyn19aia

H: ANLRASAYLULALA YD LNAYILLAZLIA
neelufinuuaneaiu (p-value=.05)
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NI AIMUARZUULLU VLKA YUY AN L ANN DN 57T 91]

ALY EMEGHREL AUMNITANADN1TATIANG Y
1 liwuanpihilefiuoudiuld Liwangausan1snsiangan

2 wuaihile woilainunanwuzievvesaiawdu (unsuitable for identification)
3 WuIRSNwUzA Ay lAYIoIaneLdY Houndl 10 90 WU ZaNABN1TATIANEN

4 NUAAN WA A ILAYYRIAIELEY 11NNTIMTBMIATU 10 99 (suitable for identification)

Note. From “Evaluation of an inkless method for fingerprint recordings using hand sanitizer gel on

thermal paper”, by J. De Alcaraz-Fossoul and S. Li, 2021, Forensic Science International, 323, 110787
Copyright 2021 by Elsevier
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HaninTIziT gy lAanmstihehnuazenile S1uau 3 sunanind 873
QS (NUH: angitadlouslsiilaisirunislndiemimruazeinde F: iwases (1-5) M: iwawe (1-5))

21daAT/ATILUL ATUULT 1 AZUULTY 2 AZUULTY 3 AlafBazuuy  Aedsazuuu NUH
F1 3 2 2 2.33 2.33
F2 4 a a 4.00 2.67
F3 4 a a 4.00 4.00
Fa4 2 2 2 2.00 2.33
F5 4 4 4 4.00 2.67
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Fuugaiingeiy
DET AFIS (%)

Frurugaithinssiy
DET AFIS (%)

Frurugaitlinsaiu
DET AFIS (%)

Furugaiinseiy
DET AFIS (%)

F1 66.67 33.33
F2 79.28 20.72
F3 90.46 9.54
Fa 100 0

F5 72.22 27.78
M1 50 50
M2 16.67 83.33
M3 44.45 55.55
Ma 90.77 9.23
M5 100 0

66.67 33.33
83.42 16.58
97.03 2.97
100 0
82.78 17.22
44.33 55.67
66.67 33.33
38.89 61.11
96.3 3.7
100 0

nuewme: DET AFIS: $1uiugadnvazdfyiiiawaintieninanuazeinilogvieiannea (Dettol) 31n1AT04

o v a 2

AFIS DET: $quiugndnwaizdfnyiiiaulagide F: inavgs M: ineyne

v Y
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(DET AFIS) Audiaugnanvassadgiaulngnsituviaieniind1ainnies AFIS (INK AFIS)
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I Furugaitlinssiu 1w Frurugaithinssiu
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DET AFIS (%) INK AFIS DET AFIS (%) INK AFIS
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F2 53 20.72 86.67 13.33 16.58 100
F3 46 9.54 0 100 2.97 100 0
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M1 48 50 83.33 16.67 55.67 100 0
M2 37 83.33 100 0 33.33 100 0
M3 41 55.55 100 0 61.11 100 0
M4 40 9.23 66.67 33.33 3.7 100 0
M5 54 0 100 0 0 100 0
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19U Propylene glycol (De Alcaraz-Fossoul & Li,
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fifldauuszneuresii 98.5% (Eshun & He, 2004)
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Abstract

This research aimed to (1) develop the recreation tourism recommendation system in Khaokoh District,
Phetchabun Province, by using tourists’ unstructured attraction review and check-in data, and (2) assess the
performance of the recreation tourism recommendation system in Khaokoh District, Phetchabun
Province, by using tourists’ unstructured attraction review and check-in data. We collected 300 Thai
attraction review data points from Google Maps about five recreation tour places: (1) Khao Kho Sacrifice
Memorial; (2) B. N. Farm; (3) Phukaew Resort & Adventure Park; (4) Windmill Field Khao Kho; and (5)
Amazing Dinosaur. These attraction review data were used to analyze the sentence and word structures
using the Bigram algorithm with the data extraction technique and build the check-in system for
counting the number of tourists who visited tourism places. These extracted features were processed
by the improved Content-Based Filtering--CBF. The results of assessing the system’s performance
compared to identifying the tourism place labels by the specialist found that the system can accurately

recommend tourism places at 90%.

Keywords: recommendation system, recreation tourism, Khaokoh District, unstructured review data
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Abstract

The purpose of this quasi-experimental study was to examine the effects of judo sport-specific exercise on
muscle power in a young female judo athlete after weeks 4 and 8. The 15 female judo athletes,
aged between 15 and 19, who registered as athletes in Sisaket Province provided the sample size
for using simple random sampling to estimate the mean population once the population size was
known. The experimental instrument was a judo sport-specific exercise performed three days per
week for eight weeks. In the 1-2 week training, the heart rate while exercising was 60-70 percent of the
maximum heart rate, and the perceived physical exertion score was 6-11. In weeks 3-4, the heart rate
during exercise increased to 70-80 percent of the maximum heart rate, and the perceived physical
exertion score was 12-16. In the next 5-8 weeks, the heart rate while exercising increased to 80-90%
of the maximum heart rate, and the perceived physical exertion score was 12-16 as determined by
an Index of Consistency--IOC of 1.00. The tools used for data collection were standard tools: the
overhead medicine ball throw and the single jump test. Percentage, mean, and standard deviation
were descriptive statistics. Inferential statistics, including one-way analysis of variance with repeated
measures and comparing the pairwise differences by the method of Tukey Statistical significance was
set at 0.05. The average resting heart rate was 72.60 beats per minute, and during exercise, it was
169.95 beats per minute. The mean rating of perceived exertion was 14.60. The results of a one-way
analysis of the variance of the change in muscle power pre-training, after the 4th week, and after the

8th week showed statistically significant differences.

Keyword: specific exercise, judo sport, muscles power
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nsvjavin wled unlse (Seoi Nage) Fslugasnisdu
YaAwRIRaNsEngseglidenisnseiantami Tu
mansgviiitudeddndsndiondsmunlunisis

N3¥IN [WIMGYNA 2 A NITUYUATITENINNN

vasgraguaentuaniulunisnsevirdinfmdesdy

wdandunidolumsnyuiudlusswine ndsndu
éfaﬂ%ummﬂsuﬂumiamjeiaé’lﬁaaaﬁﬁumﬂ‘lﬁuaEm
599157 ﬁ]'lﬂﬁ?uiﬁgl,tﬁdmﬂLL‘UquﬂWiﬁﬂ@ﬁi@ﬁmijﬁu%ﬂ
Fosanderandendrunilolumsiunaranuudause
nsmvaugredlvudtasdiiy Tsaenndastuuuian
994 (Krabuanrat, 2001) lénan1i1 nsilaztiiuay
whauswwazvuinveanduiletu awsarilaenns
panmasnigluranisimdagduiisuldnisiinainy
whwssveanduile msrdninfwiiidauudouss
(strength) A113137 (speed) 4 JzliAemdandnuie
(powen gt ldmstinanuuduswosnaniedon
14 (weight training) Taun1311A1 1-RM (One repetition
maximum) kaganssanImneniedmnsutinfn laun
AT AU ANAED wasndandnuile
fnudndudmnsuiniun Lﬁaﬂwlﬂgimuéuﬁmﬁﬁ
Uszansnn (Leethira, 1999) ldvin1sinuiisena
ypansinndeslowniniilieninuanunsalunisy
vaatnfwglalungudnfwigla wuin nsenlusunsy
glanaugiunisiinndelown3naunsonauAug,
Tumsvjallel Uszanas 0.14 3undl Fadmuiinfsn nng
Wasuwlaufisauavaiuvedundigoudinanonis
Woaunlugdevue denndosiu (Chaopanich, 2008) I
AnwAeafunanistinglarugfuAtuueauasnis
Anglamugrumsiinlagliusaiuiifsenuaansn
Tumsrjuvetinimgla wud nasnmeasnagalngle
mugiunsinuaguueatasnguilnglanlugiuns

Anlagldussiuiinanfningulnglaniuuni ogi19d

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i g g atuinermansuazinalulad

Todfunnsadafiszsu .05 Weulsafunsinwives
Jansuprom (2013) lvinisAnwnAeatunisiingae
LS9RIUAZNISLARBUTILU LNz s eI AanE
néfeuazmiunasiuaaiioshlufmuuniugy
Yoy 15-18 U wui1 ndsnsnaasenguiiniwnd
TasunisHnlusunsuuuadudus mAUN1SENA LS
#1u wavmsiadeuiiuuuianizinnasiuianuuan
Arsvosmdandaie wazaundssunaidadiy

v o W

LB RRN D EGAL

[y

WNNANANIZAU .05

v v a

ANSHNBNNAIBINA 1 LBE U ULNAKN

7
'

gla AD NITRALUULRNIZIANZA mwmmsﬁwmuaa

Y Y

Y

futnguszasdvaanisiin uinsfinfduiiteuegienn
Aensilniiewauindndaie Tneamendindny
iofinaneisnsfiavildiAamsimumdndunile
gun nstlnuuuledudn (Olympic lifting) n1silnidie
Lﬁummﬁumqqqm (heavy strength training) N5
Aniiloriundaszda (explosive power training) N3
Hnuuunaunau (combine training) wazn1sHNLUY
Teu59A7U (resistance training) (Samnuan, 2021) i
amnuudausadunisindeulmmisnisvesyana dw
Inginseyhiuusssinumunatesuluy Wy draninves
TN USIRIALAN Lazn1INTEINVBITEUUYSEAM
ndnile (nervous system) MonwuzusIdIuNIY

mululazniguen

MnanarUdERAInaLansliiuITy
Ringlaty Fwensuiinruddylunisiieziuy
dielentuzased warlufmedaindinduiethud
AudAyogeds asﬁuﬁ%%’a%mu%ﬁ%ﬁwmﬂu
iBuiedudunanisfinudsnanitmsiindefgla
LNz AN aNdInd o uasiite
T dunuamslunsiisdsgansamuazseduaiig

v a v Y =2 o & v
ansavestinfunlinnluisaiudisaasanlta

1QUTEaIANITITY

ieAnwnaveansinAmefiglawuuianiy

WigRnidendinauiievesiniwiglaieivumngs




Tugrenoudln naINSHNFUANYN 4 wazndenisin

FUAN9N 8

AUNAFIUVDINITANY

N1IANAEARIELALUURNIZIAEIId A L
Unfmglasundgindinauiilonaunisin vas

AMSENFUAYT 4 waznaINISHNEUAITN 8 waneeiu

Uszlgwinlasuannnisiae

1. lasusuunisinegimglanuuianie

o v v & o o wa A v v
Wizasinendainauile dwmiugniieates loun
A3 019138 Hilnaeu awnsailudszgndldluns

Anwaznisingauls

2. lonuIn1anisas1aluswnsunisinaleiunn
glaluuamnzizamidendinanievesinfugln

LNIYUNEY

N59ULUIAANITIAY

AMITeASl Wun1sAnwINaveInIsHna e
Arglanuuianizianzasiiddendenaaieluyas
ABUEN NAINSHNAUMYN 4 wazrdanSunaUain 8

VY o g (3 v !
AIvENMUARILUTY089RUTENB UM UANNY Lagasy

1%
[ v

WunsaukuAnueIn1sIde sail

A5aLUUN15I8
AU HIUANENTTUNTISEFITUNSIVY

Tusiyud 1avil TNSU-EDU 074/2565 1minendenns

AWLIAIYR

1. Uszunsuazngunlagng

v v
v

Uszrnsildlunisideased Tawn wWniuwn

glatgvunds 018 15-19 U Mungideouininly
JWinAIazineY 91U 239 AU (Sports Authority

of Thailand, 2022) 191191nA15ANUIUIUINAIBEN

USTUIUNITANRALVUINUTEIINTANRAYNTNT U
uIRUTEUInS UJirawatkul, 2017) 97934 11 AY LD
Joaiun1snausa (drop-out) §IT8LLTUIARIBENS

Touay 30 TIUNAUAIDLVIANLA 15 AU IINGAT WNU

¥
Y o A

Ale fatl
NZ3 507 (v
n =
2(N— 2 2
— a2(N=1)+24,0
. 239 (1.962)62 (2)
- 2 — 2\62
NG 2.542(239-1)+(1.962)6

= 11.52 Uszunal 11 Ay

WNALTINTSAAWAN (inclusion criteria)

%

1. dnfwglalenvungs 01 15-19 U 7u
= < v A v v = [ [ =
neifgudulinim dieaunauiniwminaiaziny

2. asastakazasunyluludugey Nagwnnis
NAFDUBALNITYINNITNAADS LLazQ’ﬂﬂmaa@uaaﬂﬁ
W139UN1508NMAINIEAIEINIEIALUUIANIZIANZA

3. AnElngauagn9m oL tadlaussaNINs 19
Maudauss auysel suluidlifionnsuiaidulusedv
NADINULNNE

WNUAN1SARBaN (exclusion criteria)

1. NqUFAIRE1NLITINNITBONMSINEAIY
a =2 )74
Amglanuuianizinnzas lifelesas 80 vesses
walunsHnnaun

a I3 1 G Yo I3
2. flonnsdutie wieldsuumiuguuse au
lyausavinnnsesniiasniesele

3. Wawnsafigvinisveasselumeanieg
du 9 wiu Wadnasla
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]
v

WWIAA OB uazauITen
neadas

2. wnRengquiiieadu [
n1308NMAINTY

3. finunsvesisgu

a. \nFesiltlunmvaaey

lppon seoi nage

N3ENABANIYIALUUIRNIZIAIZS
1. 11 Box Jumps, Depth Jumps and
Medicine ball Overhead Throw
2. 911 Hurdle Jump and Chest Pass

- 3. 1/]"'] Vertical Hurdle JUmp and wé’qné’qulﬁi’a
L. ﬂW’]QIﬂ Medicine ball Overhead Throw 1. ﬂflsﬁmuaaLwﬁaﬁiwg

4. vin Power Drop and Ippon seoi nage

5. 911 Russia crunch twist and throw
and Ippon seoi nage

6. ¥1n Back extension and

2. wuunaaaudunselanlna

AN 1 NTDULUIAANISIVYULUIANNITINY

2. \3asfiefildlunsise
2.1 wdesdlefldlunismeass Usznause

2.1.1 wuuRnAgRglakuuanziangas
119U 8 dUA Tnevinnsiln 3 TusedUanv (Tuduns
W5 wazduens) neun1sEnNMseUsusenNIg 10 w1
Mnturihinsiindeinglauutioneaizas Tiud

- wuuEndl 1 v11 Box Jumps, Depth Jumps
and Medicine ball Overhead Throw

~ WU 2 v Hurdle Jump and Chest Pass

- WUUElndl 3 %1 Vertical Hurdle Jump
and Medicine ball Overhead Throw

- wuUEnd 4 i1 Power Drop and Ippon
seoi nage

- wuuilndt 5 111 Russia crunch twist and
throw and Ippon seoi nage

- WUt 6 vh Back extension and Ippon
seoi nage (AIM1519 1) lABKHIUAITUIAIRTTAIIN
donndead (Index of Item Objective Congruence--
00) anFermgy 1w 5 vy daedsnin
#0AAABIVIAY 1.00 (A58 1)

2.1.2 wlesdleiildlunisinsnsnisidu
¥p9%ala (heart rate) Aa Polar Heart Raet Moniter

2.1.3 n3esflefildlunisinsefuariuy
N135U3N1980NLI9Y8I319N"8 (Rating of Perceived

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i g g atuinermansuazinalulad

Exertion) A M1319Us8LilUsEAUAZLULNTIUINIG

DONLLIIVDITNNY

2.2 w3esdienldlunisiiusiusiudeya
Usznauniy

2.2.1 WUUNAABUAITYNUBALNTBATYY
(overhead medicine ball throw) lagldinaua
aussnnInaNeinAun e deurisssinalne
(Department of Physical Education, 2019) T3y
nsadeuBuksniviiuTalng sngnueatumnile
Asweliudneundimduintesndsaniinisvuuea
udhamthéneiiersaosindildszerlnafian aumes
anuea 3 Alan3u ldurAudnNan 22 wudwns 3n 2
ads tuiinaaivuvenldlnadign fmhodueumioms

2.2.2 Luunad@euaNasalunisnselan
nageaulnguNyInALEINsalunsnsElan (Kinematics
system: single jump test) lWgW1sun1maaey 8u
Fnssuuusunegevile Maenaduiiter mniy de
Wiasnuaualin uaznszlanasedligefigaivii
fanunsarinle Tagvinnnsnageu 2 ads Sufindni
Ffian winzadalldrsinsewinnimaseuduszey
a1 30 Ui




< v
3. NI13NUIIUIIUVAYA

TUsunsunsnee i glaluuRnIZia1Ee9
$ruau 8 dUaii TnglunsindUanvidl 1-2 $ms1n1s
WU lavMEaanA1aInN1e 588y 60-70 UBIBAT
MIYRialaaeEn wagAATLLLN1TTUINITEONWSS
2949319078 (Rating of Perceived Exertion--RPE)
WU 6-11 wazdUandidi 3-4 shsnisduvesiile
yauzaantdeniafiudu Sovaz 70-80 v0s8nsINTT
WuYeIiilagean waAIALLUUNITTUINITOBNUSS
Y9I5219ME WU 12-16 wazdUa1vi 5-8 Snsanns
Wuveshlavazeanddimediudu Sevas 80-90

i

Y9ITNTINITAUVDINIEER UazA1ATIUUNITIUS

N199DNLIIVDIT1INIY WU 12-16 Taeddunaunis
NAasInIra bl

3.1 afuanuquingluniseanmidinigeiy
Arglanuuanizlazadliiunguiiegne szezna
2 dUami

3.2 nadoulayaiugu iwA 818 Wmtin diu
g9 (BMI) Uszaunisallun1siau wagnaaaundanaiy
1o (pre-test)

3.3 MHANINARRINIATIEToYAN19aDA
Tngldaiftesay Aade duidsauuunnsgiu e
wasnudoyaiiug i wasndindudevoinduitogng
vansEndUAR 4 uazduanmiil 8

M1919 1
uuurnNI788NA1AIN LA IEANIYIAUUURNIZIDIL DI

3.4 NAFDUNAINAULLD NAINSHNFUANAN
4 (FMINAADUNAINISHNIUATU 3 TUVIAUAUT 4)
LALUAINSHNAUAIYN 8

4. nM153ATIzvitaya

anALTInTIauun (descriptive statistics) lauwn
Yoy (percentage) Alady (X) wazdudoauy
117557 (Standard Deviation) LilonWssauuIAN L
91y wanauelugunssseneuauites Lavads
\399U3"U (inferential statistics) Usgnausie iAsent
AkUsUTIvendandnuiile devln vanduan
7l 4 wardUawidl 8 Insldnsiiaserinnuudsusan
VlﬂﬂLﬁEJ’;LLUU"i@%ﬁ (one-way analysis of variance
with repeated measures) sialusunsudnsagy i
MIANLANFNDE1TTBEIATY AINUIITANLANEN
fuagrinsiUSeudisuanuwanaiadusied lngld
FBae1 Tukey fmuaATadfynisadffisedu .05
wartunsunounsiiadnsmisfines One-way
analysis of variance with repeated measures 11
1 {Asuldvaaeutennandosiuvosnisldatne
nan Srlirutennandesduasiudsunnldadals
89M1913ma3 Friedman test Tun1siiasieiveya

=)
INYasLYN

HR wag RPE

BUEUINNNY (10 W19)

paniaenemeimglaiuuanziatzas (40 i)
- WUURNT 1 91 Box Jumps Depth Jumps and Medicine ball Overhead

dUannifl 1-2
Juduns Juns wag
FuAns

Throw

Throw

- HR 60-70 % of
HRmax
- RPE (9-11)

- LL.‘U“UE'Jﬂ‘?]i 2 911 Hurdle Jump and Chest Pass
- WUURNY 3 1 Vertical Hurdle Jump and Medicine ball Overhead

- LLU‘U?;Iﬂﬁ 4 11 Power Drop and Ippon seoi nage
- LL‘U‘U?]ﬂﬁ 5 %1 Russia crunch twist and throw and Ippon seoi nage
- WUURANY 6 11 Back extension and Ippon seoi nage

n13Aa188Y (10 W19)
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1519 1 (AB)

EMEGHREL HR uaz RPE
dUnoifl 3-4 BUIUTINY (10 W) - HR 70-80 % of
Tuduns Juws uar eeniidinemefiuiglanuuieniziatzas 40 ui) HRmax
UFNT - WUUENY 1 1 Box Jumps Depth Jumps and Medicine ball Overhead - RPE (12-16)

Throw

- LL‘U‘U?;Iﬂﬁ 2 11 Hurdle Jump and Chest Pass

- LUURNY 3 1 Vertical Hurdle Jump and Medicine ball Overhead
Throw

- WUURNT 4 11 Power Drop and Ippon seoi nage

- LL‘U‘U?]ﬂﬁ 5 %1 Russia crunch twist and throw and Ippon seoi nage
- WUUHN? 6 1 Back extension and Ippon seoi nage

N13AA1EgU (10 W19)

&Uniifl 5-8 BUIUTIINY (10 W) - HR 70-80 % of

TUIUNT IUNS UAT panmAINeMmBiuIglakuuanzianzas( 40 ui) HRmax

IUFNT - LWUUENY 1 %11 Box Jumps Depth Jumps and Medicine ball Overhead - RPE (12-16)
Throw

- LLU‘LJ?]ﬂ‘Vj 2 %11 Hurdle Jump and Chest Pass

- WUURA? 3 %11 Vertical Hurdle Jump and Medicine ball Overhead
Throw

- LL‘UU?Jﬂﬁ 4 11 Power Drop and Ippon seoi nage

- LL‘UU?]ﬂﬁ 5 %11 Russia crunch twist and throw and Ippon seoi nage
- WUURANY 6 i1 Back extension and lppon seoi nage

n13Aa188YU (10 W19)

U8R HR: Heart rate Ae 803IN191AUY0HI HRmax Mg 8n31N1SLAUY0dialgean RPE: Rating of
Perceived Exertion Aig N133U3N1508NK339904319018 kazvin1siiuaunidnlunisiinlaenisiiuinvinuag
AUgeYegUNIainITHNTIUSeY 9

sUnuuNIMAADY . -
nfvglaensundgs o1y 1519 0
Jszunsg 239 au » e . e
tunsdouinfwluimiaadasiny
v
NEUA29E14 15 AU
¥
nMMaaRILuUUEnnseRnitdInIeRaY
fivglanuuianizaizas 31uau 8 duai
Y
y v v y v v v v
Ny duani Fuani duami dunvi dunmi Auai dunni Auami
ounmstln Wil 2 W3 a4 #is W6 W7 s
L10 414 tob dd Sdn (T {4
szAU RPE (9-11) s¢AU RPE (12-16)
HR (60-70 9 of HRmax) HR (7N-R0 94 af HRmax)
v & * *
Yoyariugiu a1y ) .
. : VAFBUTENINNTTNAADA VARDUNAINITNARDY
y v v
vy & v - &
VARBUNINGIALUD yagaunanduiiie nagaunaandnaile

l: Asnnaaunay (Base line) senane (§Uavi 4) uazndanisiln (§Uavivi 8)
o v J 1 -~ -
NAFBUNAINAULD = nnapuyuusamiladAssy uasnnasuamansalunisnselag

AN 2 E'LJLL‘U‘Uﬂ’]'i‘V]ﬂaEN

, ‘ NIANTIVINTUATINE DA W Te
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 v A < B
i s g atuinermansuazinalulad




NAN15798

v

nauiegAnwluassiliinisnszatveyly
TasUnAdsanunsaldadifiuuy Parametric la

M 2 Wul nguhegtediimiiniade
51.93 Alaniu (SD=6.01) éauquaﬁa 159.26 wURLLAT
(SD=4.51) f¥fluranieiades 20.45 (SD=2.15)
Uszaunsalnisiauglaiede 4.40 T (SD=1.18) uay
Tsvaunsuwedu wenilusenisindniSeudn@nm
U 5 AU (Fozar 33.33) LarTI9NISARILYITY
WAIYR 1Y 10 AU (SpEar 66.67)

1NA5N 3 WelUTeulfiguAnaieenlag
0ves Tukey WU AnuaInsalunsyuueaivile

f1319 2

79ya%7971877 (n=15)

Aswzuazauamsalunisnselan s21Ienoauns
AnuagndensAndUansif 4 (p<.001) Aeunsilinuas
W& ansANEUAIT 8 (p<.001) ndsnsinduansidi 4
wagndsnsindUn1vid 8 (p<.001) Linduegnafite
dAgnieaia

NP3 4 WU AULUTUT UL TS
WeIaeANEInalun S ueamilefsyrkarAIY
anunsalunsnsglan sewineneufln nddlnduansid
4 uagndaN1sENEUAT 8 umnenafuegeditaddry
needid Tadosinsiisuiiisudiedsdusoglag
75989 Tukey

o —

AU X SD Min-max
‘lj’lﬂﬁ‘lillﬂ (Alansy) 51.93 6.01 42.00-60.00
daugs (wufums) 159.26 4.51 152.00-169.00
ftiuianiy 20.45 2.15 17.03-23.83
Uszaunisainisiaugla (U) 4.40 1.18 3.00-6.00
FEAUNITUUITU 31U fovaz

- AvnniSeulnAnwd 5 33.33

- AWNYNITULAIVA 10 66.67
f19719 3

WisuiigunuadeTIenlnga5ved Tukey AuaINIsolunIsyuveamilofsyzuazniualuisaluniinszlan
¥n319naNI5AN NaINIENTUAIT 4 uaznainsAndUn 199 8 (n=15)

1590 X flou dUavidi 4 duanidi 8
ANNANNTAtUNTSYNURaImTleATYY

Aoy 501.13 - 27.66* 39.00*
FUnnoidl 4 528.80 - 11.33*
FUnnoiti 8 540.13 -
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1519 3 (79)

1990 X fou Fuaniidi 4 dUnnsidi 8
AMNansaluntsnszlan

fou 167.53 - 9.60* 21.20*
FUaifl 4 177.13 - 11.60*
FUaidl 8 188.73 -

f1919 4

pwasalunITyuveamiledsyruazauaInisalunisnselnn neunsiln nain1slndUn19 4 uaznas

msAnaUn i 8 (n=15)

waIAuLUITUIIU SS df MS F p-value
ANaRsalunIsjuvaailiofsey

melungy 12074.44 120 1002029 15759 <.001
AuAIALATEY 10726.88  16.87 635.85

334 22801.32

Auaunsatunnszlan

.ﬂﬂEﬂUﬂQ‘QJ 3380.80 2.00 1690.40 49.69 <.001
mwmamm?‘iau 952.53 28.00 34.01

334 4333.33

91NN9IM 1 uae 2 LansAmaanTalums
viuveamilefsyzuaranuaisaluninselan neu
n1sEn ndansEndUanid 4 wagndsnisilndunvi
8 WU ANUEINITatUNISYuveamilefsyr nou
n1sEn ndansEndUanii 4 wagndsnisilndunvi

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

@

U 17 atui 2 Uszdidiou wgun1au-damau 2566

8 111U 501.13 528.80 way 540.13 WURLLAT A3
819U wazANaENsalunisnsylan Wi 167.53
177.13 uay 188.73 wufwuns suaidu Wiewieu
Wouluusazdandt wuin iiintuethefiTeddynis
anm




ANUAINA UMY NUaTlfATEY

P < 0.001
540.13 %u.

560 P<0.001 | o0

540

20 o1 Fuaidi 8

500 FUaein 4
flau

480

' s 1 s o
Hrou MH&Uawiii 4 B §Uaidi 8

(a)

AMUaIsalun1sNsElan

P <0001 188.73 4.

200 Y.

P <0.001

160 167.53
FUamifi 8
160 o o
ddaniin 4

flau
140

Hrou H&Uanin g M &Uanvin 8

(b)

AN 3 Lansauansalunsjuveamilefsuruazaiiuaiunsalunisnsglan

d3UNan133e
31nHan1sAnwIRINa1awIsaasulan

I‘Umnsmma‘ﬁ]ﬂﬁmﬁmwwmzmﬁm%’uﬁﬂﬁmq‘[m

wansliiiuimdandraiovesinfvnfinduodi

o o a

AudAn19ada ueegelsAnutedinve1uife

Tundsdl Ao SswmnisAnulunguiuieuiiou uas
misinsfinwiunguiegdluriinfuussinndats
nsdedau q wazimnedadu o ievuszansua
gadlusunsunsinfunianigionzasdmiuiindn

Ussnadznseedsield

aAUsekNa
nsAnwIRaTeINIsEnAmeimglaluuny
wrasiifidendinditlevestinfwglasedumvu
YL WU NaTBINITVAdEUAILUTUTIULUL RGN
madisemdinduie Usznaudae anuanusn
lun1syuveamilefisuy wagaNuaInsalunsnse
Tan founsiln wdsmsinduaidl 4 uazudensiln

'
aa = [ v

FUn9iit 8 iutuegeiliTddynieadn Sandendy
doflifisutu e sunsunsfinflanziangasd
iAot Sadunstinsaumanuiusswiensiin
wuundelawesniunisinyugle aenraesiuaide
¥84 (Sanan, 2021) lfvinnsAnwiFeswavedusunsy
nsiindeussiulngldgmaeiidendinduielu

tnAwglanguiiegiadueraadasiningla nqu
fpgslasunsinanglusunsy nsinmenssinulag
Tinmaeluszezina 8 dUansi nanside wudn nds
57l 8 §Uaik ndendanilerasunvessname unu
NANAITITEY LAUNANAIRITIIVIN WAz IEN
289319M18 LT uegaifudfansadaiisedu .01
uanalmsuiwavaslusunsunsinameussinulagly
e annsolflunmsianndsnduierisuuues
$9N1Y LAUNANAIRITINEY LAUNANEIRIT1991
WArYINE19709319N1e dmsutniungla (Leethira,
1999) lvins@nwidewavesmsilnndelown3ndil
saAuanIalunsvuvestinfmglalunguinimn
gla wudn nisenlusunsuglamugiunisinndele
wnsnannsaiamnauElunsjuld Ussuna 0.14
it Fedmsutnimnsisuulasiionavdiuues
Juigendanananisimunlugiesus denadesiu
AT Kostikiadis et al. (2018) fiwu3n ¥nfin
UsziamAauznnssednauilaunisiniiieriueiny
wswesndunile ndensiinindwosndnioss
seefELUaTdus Aty savEndtlumsnselan
luvin Countermovement jump Lﬁm%(u Jovay 6-7
wazndslumsvuueamiofsusiiutu Sevaz 6-11

mnmﬁww%ﬁpﬁ sanuImnlglusunsy

=i LYY

NSRNLUURNIERIEATEF TN TuaEnAIug
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ﬁ’UT,UsLmsmmsﬁﬂ%’augimﬁaiﬂs?fqazﬂiaaluﬂWiﬁwuw
wEwosnaieldd waranunsaduasulinfni
Usz%w%mwmmmwjumm@ﬁu FsaonndosriuuuAn
999 (Burns & Callan, 2017) nsilndnAsiiefiay
Wandaseauausalunisiduselageanluan
Suduiianiianuisnandululdduaasldaaumin
(intensity) 30% Wag 40% ¥4 1RM Fuduisnnsd
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Abstract

This study is based on survey research. The objectives of this study were: (1) to study accidents and
injuries in children caused by playing swing; (2) to study threats and problems faced by children
during playing swing; and (3) to propose recommendations for reducing accidents and injuries from
playing swing. The study period was January to March of 2022. Participants were 400 children with
ages ranging from 7 to 12 in Nakhon Ratchasima province. The tool used was a set of questionnaires,
which were used to collect data on accidents during swing and behavior. Descriptive statistics were
used to analyze the data. The results are as follows: first, most children played swing five days per
week, and the number of accidents increased with age. Second, the most common accident was
falling off the swing (68.38%), and causes of accidents were an inappropriate size of the swing seat,
incorrect play, and teasing on the swing. The most common type of injury found was an abrasion
(38.02%), followed by a bruise (12.39%). Third, the most serious problem found was a slippery seat
(27.84%) and a small seat (27.84%). Most swing parts were made of metal. The swing seat became
more slippery because of the humidity in the air. Lack of strength for driving a swing was a major
obstacle for children aged 7-8 years old. As recommendations from this study, basic swing design
guidelines included using materials with no sharp points for the swing seat, designing swing dimensions
to accommodate children’s anthropometry, keeping distance from the swing to the walk way, and

other playeround equipment for reducing the chance of accident.

Keywords: Swing, Accident, Children
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UNANED

nsAnwinIsiasuluuianssnveseulelineseandinaveunnsifanesiwiu (TPP) waziuvialanesluu
(FETOMPP) Hamsvinaasuansliiiiuin TPP way FeTOMPP ansnsaeendlad 3,3°,5,5 -tetramethybenzidine--TMB
Fuduashififuanidudvamsavoneuleinesoondinavdeuduadhiululiisefiiflelaswuneseenld
(H,0) AN smanMeimnzadlunsiufteves TPP wag FeTOMPP wudnfiannalndifestu Aod
pH=6 wazitgamail 30 °C uduanARuAUTINATmINzaulunsUiA1 TneUiinaiivanzauves TPP
way FeTOMPP wihfiu 50 pe/ml waz 35 pe/ml mudisu Wednwiuieuiisuanuaiuisalunisideunuy
AuAInssuveteulzimasoanBinanuil FeTOMPP Husyaninimlunisuaniaanvainsideunuunuauds
wulwiinesoandnalannin TPP

AE1ARY: Tetraphenylporphyrin Metalloporphyrin taulesiineseandina n1sdsukuuianssutoulydines
DONTLA

o o o _ NsATIvINMIvendedaiisuede
Ui 17 20uf 2 Ussdudeu wgunau-aenau 2566 | oduingmansuasnelulad



Abstract

Tetraphenylporphyrin-—-TPP and metalloporphyrin—-FeTOMPP were used to test the peroxidase-like
activity. The results showed that TPP and FETOMPP were capable of oxidizing 3,3’,5,5’-tetramethybenzidine--
TMB, a colorless substrate of peroxidase, into blue in the presence of H202. The study of the optimum
conditions of TPP and FeTOMPP found that the optimum conditions of TPP were similar to those of
FeTOMPP, such as pH at 6 and temperature at 30 °C. The optimum amounts of TPP and FeTOMPP
were different, as the optimum amounts of TPP and FeTOMPP were 50 ¢/ml and 35 ¢/ml, respectively. The
comparative study of peroxidase-like activity between TPP and FeTOMPP indicated that FeTOMPP

had higher efficiency in peroxidase mimics than that of TPP.

Keywords: Tetraphenylporphyrin, Metalloporphyrin, peroxidase, mimic activity oxidation
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Aot astunszuaunisiuwueadulusiesniees
a5i¥7n (Filizola & Loew, 2000) Tunsguiun1snia
Fnmeulsiineseandnaduduswfiseluns
catalyze ponladdu q wisinedeenledog gy

lalasauinasoanlen (H0) asdweulesiinesean

o
o o w

FualUlduszloviduiidasinianaredsenis ae1g

L . =)
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Wy Asiusnendisessziinsyfuas activity ves
wulsiimedoendnaiildunansenuanduwindey
1g418 (WU, 2002; Shoji & Freund, 2002) fiatiunas
duprzikaziauasifousuuanautivesoulyy
wesesndinadsinnudndu (Feng et al,, 2012)

ansdeunuunuantiveseulsline soandine
SRRNEIY porphyrin Wu et al. (2014), hematin Hu,
Kong and Zhang (2015), hemin Wang et al. (2007)
wazansdu  ligninndnwianuasnsalunma
Answinglaauay H.O, Tnelddamduieululnglaa
20nTed (Ellis et al., 2009) ag1slsAmuiiasau
Wisuiueulsdnusssuwd Auaudlunis catalyze
vosanavaniissdeustt udldiuievluudueanaiiv
$nwn wazanazlunislunisiugisen (Qin et al.
2013)

woslnFudunnluanaiiivylnslsaduy wou
AUy Ineidnwaue duavasuwuYsIU 29990812

e —

finsdeutumeasueusiaiilidusnasnas vlia
mswAeufivesdidnasaulualéiine (Gouterman, 1961)
waslnukazeyiusinnulalusssuvid lned
ANy itavanglagazduiusdunginizly
lassasnazlanvernounans wu snnululeulysd
sina o I lelalasy maniad inesesndind uenanil
luanadfivanlessunatvenedliiu azdanda
fawlunisvuaigeendiaulalneluianadinan?
sgnululuanalysiurindlulnadunarlulelnadu
(Hemoglobin, myoglobin) (Kumar, Dorsey, Caruso
&Evans, 1994; Poupon-Fleuret, Steghens & Bernengo,
1996) 8y (Heme) WJunaslwSumusssur@iinule
U Balugudnansnisufoanisesviujisendu
lelasaudeseenlemAnfumnansiindouyinufize
ntuazynseendladaansiiieninduiansnves
weseantndotadulalasiauineseenlen anula
AN1ENNTONLEUNIONISRAUINAVD YA LU 19N
nuUiinameslelnsauwessenludiigs Seazly
nszAunsinuveseuluiineseanding (Viasova,
2018) lasidnwimalunisitunisoniauvasnesinsy
(TPP) (AlongSo-Castro et al., 2015) LLazr:]VI'élumi
FufuvaduriSevosustalanoslviy (FeTOMPP)
(Phromsatit, 2021) wilpsa1nneslniuillasadnsi
fianuedneadstuduiinulusssued wazannIsing
wansbiiuiannuaunsaveswestiiulunisuszand
Tamenisunng
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audAvnantenmueanestnFukaroyiusiasuay
JoulunisAnwannlusyesiiniuun seiidesainnns
Uszgndlfnuiinanvansiamauanaiges nsvide
auas usdfavani uazimuwed 1udu (Gust,
Moore & Moore, 2001; Oschsner, 1997; Chou, Kosal,
Nalwa, Rakow & Suslick, 2000; Pavinatto, 2008)

TusddedlavinsAnumauaunsoves
tetraphenylporpyrin ag metalloporphyrin Tu
n1sdnassquantivesouledineseandina lne
MN13ANYINISITIUASe00nTATUYeY duaLnIn
3,3’,5,5’-tetramethylbenzidine--TMB Tuufji3en
ffllelasnunesoanled wasiUdsududiiainnse
asdnziieadesaalasinlndnesld Faa1n
wan1sAnuiannsotlugnistauninismeate
{393 (colorimetric method) Wio3aszaiuSinaves
lelasiaunesoonlan

[

AUIzEIA

1. WeANYIALANNNTANI TR ULUUAINTTU
voueulsdinesoanTinaves tetraphenylporphyrin
e metalloporphyrin

2. Wemannenwiangaulunisiinugizen
29NTLATUVDY tetraphenylporphyrin kag

metalloporphyrin

3. WelSyuiiguauaEdnsalunISEe uwUY
AuanUReulelwe soandinauas tetraphenylporphyrin
e metalloporphyrin

o/ =

A5 T0UIUIY VdawazEITLAN

\n3esilouazgunsallaun La3esdsaziden
PX623 OHAUS \a3edg3-3dida awnlnsinlndines
(UV-Vis spectrophotometer) S-80 Biochrom

Tetraphenyl porphyrin—TPP Liae Metalloporphyrin
—-FeTOMPP l@SuanuounsnenaInn1sdanssilag
weaulnddATEn MAAd AuEINEIMmERSILAY
wAlulad unINeaesITUAERS

NIANTIVINTUATINE DA W Te
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U 17 atui 2 Uszdidiou wgun1au-damau 2566

1. mi"i'ﬂms@mnﬁuu,aaﬁ'wLﬂ%f'aa UV-visible

nsiaesuandieulsdiinesoenting ves
TPP uaz FeTOMPP MnsiaTIzilagnIsiiu H.O,
NAAMUAUTUSA 0 §e 200 uM USunad 100 pl aslu
Toifnosdinsn (NaAc) Swiled (10 mM pH 6) 7
TMB 500uM Lazan3@9e19 (TPP wag FeTOMPP)
50 pg nelwiiusuinssan 1 ml vinisuuansazany
flgaungd 30 °Cdunnan 10 unit anduisilutad
@ﬂﬂﬁuu,m FeLA3ae UV-Vis spectrophotometer‘ﬁ
AINENIAAY 652 nm

2. memanzimanzaulunnseUfiseteendindu
U949 TPP ez FeTOMPP

2.1 MamUBinaiivanzanlunisiseUfise,
Va4 TPP ez FeTOMPP

13y TPP uay FeTOMPP fiUSanaiuansing
Audaud 0-80 pg aslulaonesdinsm (NaAc) Trias
(10 MM pH 6) il HO_ 100 uM waz TMB 500 pM
laefiusu1nssan 1 mL mnduthaisazalefla luy
gaumgdl 30 °C 1Wuan 10 Wil

2.2 M3W1 pH wanzanlunisiseufazen
U949 TPP waz FeTOMPP

W3uEIsazay TPP way FeTOMPP Tuly
Wenezdinsntnives (10 mM, pH 2-10) AiUsunesdi
WingauInde 2.1 713 H O, 100 uM uag TMB 500
uM ImefivSuinssin 1 mL anduihansavaneila
lﬂﬂuﬁqmmﬁ 30 °C \Juan 10 un¥l

2.3 mavingaunginmuneaslunisiseugisen
U89 TPP wag FeTOMPP

WSUAIAzaNY TPP Lag FeTOMPP Tulaifew
ax@nsnTiwles (10 mM pH 2-10) FivSunasiivmnzay
winde 2.1 7l HO, 100 pM uaz TMB 500 uM Tng
TUSHmsTm 1 mL nduiasagatenla lluni
gl 25 s 50°C ilunan 10 wril

ansazanelaluinAganduuas deiaies
UV-Vis spectrophotometer AUB1IAAU 652 nm
Tn8azyiinIsnaaes 5 Grlulsiazaniiy




3. WiguiguAaa131sa luN15INa0IAENTR
vpuaulwiinesoandindvas TPP wag FeTOMPP
Mnsiseuiisulaenisidusuaaes TPP
uag FeTOMPP uazan1iefiviangan Tuns issufizen
DONTLATUVDY TMB 1navinn1SUSHUA LTI YD
lelaswudaseonlonlugae 100-1000 pM

NANIINAADY
1. A2UEIU150989 TPP way FeTOMPP lun1s
assnuautaeulyiinesaanding
nsoendindu TMB TuuFATe il H.0, et
wldlunanaaesmnuausalunmsideuuuanau s
ulylineseandinauss TPP way FeTOMPP TMB
\Juansiilifddeamnsagnoendladladeioules
wesoandinaviiemsusznouilannsadiansnnad
vouneieendnaluufiizeniii H O vl TMB aglu
A4n1zaNTATU (oxidation state)--oxTMB azlUdeu
Tududifuandlunm 1 Sedidetuanunsansan
Saldee UV-Vis spectroscopy finanuenindu 652
nm (Tan et al., 2014) ﬁh@ﬂﬂﬁuuaﬂwm oxXTMB 210
nseandladuas TPP Lag FeTOMPP uaasluni1519 1

|
H,0 OXTMB g
Dark blue i
PP ‘
FeTOMPP i |
ot
H,0, &l TMB

AW 1 waunnkansuisensendindures TMB lu
aneiiil H O Fagnissuisesmienesliisusdans
AuaudRvesnaeanTLna

M1919 1

AI9ANAUAIYDY OXTMB 3INNITLASUUUUAMANTH
oulwdlineseandinaves TTP uay FeTOMPP

Abs (652 nm)

TPP 0.42+0.028

FeTOMPP 0.58+0.032

IINNIINAFBINUIN TPP Uay FeTOMPP
aunsndnassnuanUinesoonding Lava1u1Tn
PonTntutuiansnvaanasoanding (TMB) Tuufizen
filslasiaumesoanlud 3 TMB azgneendladli

ddunargngandulan 652 nm

AINAgeU TPP wag FeTOMPP lun1snsia
IawesH O, Trvin1TWUsSHUUS VDY HO,
wuin Arnuiudures H O, fiumntuaglsiange
nAuuasiifiuanniuanuiiseeendinduiid TMB
Wuduamsalae TPP wag FeTOMPP slauanslunin 2

mﬂmiﬁﬂ'wmi@mﬂﬁuum UV-Vis i
AMNEIAAY 652 nm iindy Weflaududures
H.O, \iua fafu TPP way FeTOMPP 3sanunsath
W flednseviuiinuues Hzoziuﬂﬁﬁ'%mﬁﬁ TMB

et

aaa

2. msmanmgnmunzanlunsinugisenves TPP
wag FeTOMPP

nauIUTuIU TPP waz FeTOMMP, pH tay
oaumgiifisinasion sy fAseuansdisnin 3-5

NN 3-5 WU dnsTivanzaud gy
nshufiseneendintuves FeTOMPP uaz TPP Lag
14 TMB [ JuduamseasUlananisng 2

Han1sVAaBInUItAuaudRlun1sIeURTe
999 TPP waz FeTOMPP azlivauluaniiziiiiu
nsnsauldaniniluanneiidunans wansliidiudi
UfAse1eendindures TMB iatuldemeldan e
Aidunsesouddinauientuiueuledneseondna

(Josephy et al., 1982)
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Abstract

Health promotion is the main factor in controlling blood sugar levels in diabetic patients. The purpose
of this quasi-experimental research was to study the effectiveness of health promotion programs on
the blood sugar control behavior of diabetic patients in Nongsadao Sub-district, Wachirabarami District,
Pichit Province. The subjects were 60 chronic disease patients who registered at Nong Sadao Tambon
Health Promoting Hospital. The subjects were selected by two-stage sampling into experimental groups
and control groups of 30 people each. The research instruments were the health promotion program
and the blood sugar control behavior questionnaire; the content validity, reliability, and discrimination
were 0.66-1.00, 0.72, and 0.20-0.94, respectively. The data were analyzed by descriptive statistics (frequency,
percentage, mean, and standard deviation), and inferential statistics (paired sample t-test and independent

sample t-test). The research results revealed that blood sugar control behavior in the experimental

group after the experiment was higher than before the experiment and higher than the control group,

with statistical significance at the .05 level.

Keywords: health promotion program, blood sugar control behavior, diabetic Patients
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WAEYI9018 20-64 U 31U 327 61U8 ANUYNTVD
s wmuresUssmalngluuszansengraud 18
FulU WinTuenn Sesay 6.9 1ud w.a.2552 udeas
8.9 Tuln.7.2557 (Bureau of Non Communicable
Diseases, 2020) IﬁﬂLuwwawuﬁLﬁuqa§u§§QQI%L3u
ilenruausEAutnavesUaslsawmlande
Alda1eUsyana 3.5-8.4 wiluduuv (Foundation
of Community Health System Research and
Development Institute (NESDB), 2009) uananiis
wut Hegtuifiduumuidilildunmsadnw
wibmsviumuiudeeuimnldléunisesie

guamiduumnuazlidi (Tanthanan, 2011) &

Y

o (% =

dmiumsAnunludszmalvessoznaslinudAgyiivg

e

oA Ao M vy aa 1 &
‘U‘Lﬂ,umjuLﬁEJQQWIENiﬁJIG]iUﬂ'ﬁ’JHR]’NL‘U‘Lﬂ,ﬁﬂL‘U’]W.J’m




WivanAudsuasosunsiislsasielval (Nakamin,
2013; Ruangsiriwat, 2013; Phuypuy & Punnaraj,
2013)

PNMsAnwTIBuguamveIaLlng nud
Tud 2561 SailfUaelsauiminu fldanusaniuau
sefuinnaludenlioglussduiinzaldidosas
63.5 wazannsiisgduihmaluidengeegidunan
uy wiearuaulsaldlifdailwiiazunsndey
ANUNT AINANTENUABNITRTYLAUIANILATYEAY 1
NsgaydeyarmMIuATEENY LasndannmYassing
(Chaipet et al., 2017; Khamkeo et al., 2016) R
s amneidflunisguasnuigion v Ae
nsdaasunariaiauainsalunisuiuasy
WOANTIUNITYUANULE FIB N1IAIUANBINNT N1588N
frdane ensunl wagmslivranszduihnaluien
iielsfanunsamuauszduinaludeniazaiuns
Josiulsaunsndauld (Sriwanichchakorn, 2009)

INFYNUATNNUENSITUAVIINIANIN
wuhdnughelsaummuiiuuniindugsdunn
wWuieniu Inedeyalauussanu 2563 T31uiugUae
lsAvuwing 31,881 au dwmsuiiuiugUlelse
wwnuidifusinislsmeuiadaaiuguaimeiua
asaziAn Muat1uul 8110885U15H I infidns
fwugUlednsuuinmssnuluteulsezann 2563 &
gty 299 Au (Phichit Provincial Health
Office, 2020)

INNITNUNIUITTUNTTUUALITo AN
wnudndnuddeiid udnvarlusunsuiiewaun
wqaﬂﬁummmzﬁuﬁwma (Umbangthalud &
Prasongwattana, 2017) lneidenldiuidn nguid
uansnsiy wigiTeidenilazlfuunAnnisianisaues
904 Creer (2000) Fsflauthanlfidunsovlunside
TogllunszuIunITaswinee nsAauAtdgninas
Maurudan1stiadosing 4 Mdulamdenuies nns

@

AnduladenizuifegnumunzantasUsziiunanis
UFTR saatansUsuAeuisufchiiiendlieaunin
s 1unszuaumsiGousiilowdsuntamaingsy
guamlagerfeainusiuilevesdUrsiuiinguamn

Usznaume 6 duneau (1) msdudmuny (2) A3
F3UTWUBYA (3) N1sUsvanauarUssiliunateya (4)

n3dndulauun (5) NsUHUR waz (6) nsasviou
Han15UUR

10UTEEIANITITY

1. eI HUEUAZULUNGFNTIUNIAIUAY
szauinmaludenvesfiielsaummulungumeaes
FEMINNDUAUNINTITY

2. WVBLUSEULTIBUATI LN ANTTUNTAIUAY
SEAUEINALUERAYBIEUIELIALUIMIIUNENEINTT

YIEMINNAUNAABITUNANAIUAY

FUNAFIUNTTINY

1. MAINITIENFUNARBIALLUUNG ANTTY
n1sAuaNsEaviinaludenvesd Uil

§9111M8UNTIY

2. NAINTILNGUNARBINALLUUNGANTTY
n13AruANTERUIAaluienveUllsAuII
FININFUAIUAL

= ad a o
ILLUYUITNIIIY
Aseiun1sIveasalidunisidenuuna
NARBY (quasi-experimental research) WUU 2 NQY

TANANDULATNAINITNAFDY (two group pre-test
and post-test designs)

UseyInsuazngunlagng

U5891n3 (population) HUIELUININUNTY
neilougUaglsaizesseiulsameuadaaiuguam
AUANUBIAZLAT AUAUIUUN 91LNBITTUNTH 39%IR

NINT U 299 AU

nquiieg1s (sample) fhelsaumnungu
neidgugUlelsaiseseiulsameuiaduaiuguam

ANUAVUBIATLAT B1LNDITTUISH JINIANING U
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60 au wuadungunaass 30 AU waNEUAIUAY 30
AU Gaiwanlagldlusunsu G*Power (Cohen, 1998)

[ 1

MNSEIAIBENS MIEIUU 2 Tumen (Samruayruen

3

[

et al,, 2020) fail

Jumaun 1 1385n1sduiegsiuuageing
(simple random sampling) lngn153uaaIngungy
fiegrayUnu wuuldau livedniden 2 i

Junaudl 2 1935n1sdudiegrawuuiiszuy

(systematic random sampling) Ejumﬂmﬂ'ﬁmﬁau

q

Iantuneun 1 ndruag 30 Ay

LNINISAAKA (inclusion criteria)

1. adaslanardunwisiunsIvg

o 4

2. NaRduuYayeyrauyol
3. @nansaufUananssusig q liund
LNa9IN15ANeaN (exclusion criteria)

1. f99N19928NEANNITII15I0ATETEWIN
ALHufINTIN

2. famziutenduguassananisdisiu
N1539Y

1%
o

3. 1IN1591899NNNNUNNYINNSIY

w3asfiafildlunisise i 2 via

1. wuuaeuay (questionnaire) WeANIsY
ms%’mmimmaaﬁuaacgﬂwhﬂmemﬁé’ﬁﬁﬁ’aa%ﬁﬁu
109 wuseendu 2 du laun

dauil 1 Teyaialu 1dun tna eng aniunn
91N FLAUNNSANYT Lazsele 91U 6 U0

dauil 2 wqﬁﬂiimmsmuqmsﬁuﬁﬂmaiu
den 31U 85 99 LUURUUNIATIEIUUTEU AN
(rating scale) 4 sgdunUadu 5 au loun

1) Aun1ssudseniuen 17 99

2) H1UA1SSUUTENIUDIMNS 19 T8

3) AUNNTOBNANAINTY 14 9

4) sunsgUyMRkazAuueanesed 20 1e

5) ANUNNSIANITANULATEA 15 UB

NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

U 17 atui 2 Uszdidiou wgun1au-damau 2566

NSNS LYY P98

J¥HU N13UIN n19ay
AT uYszan 4 1
UftRvesaty 3 2
UfRueads 2 3
Lineufusiae 1 4

2. Wsunsudaasugunmlagussgnd 210
WUIAANTEUIUNITIUAITIANITAULBIYBY Creer
Usznausie (1) Aanssud 1 Aumnanimdgmngingsy
aunmuarguassalunsmuaussiuinialuiden
(2) Avngsuit 2 TianuiFedsauvauuazaniy
uwnsndou (3) Aanssudl 3 Jinsizsimanimniiuriass
wagdafuLHuAInTTITAY (@) Ranssudl 4 1
AonssulUURTR (5) Aanssudl 5 AamuBeadnilee

] o o -

Weswiveraainsasisaguiieatvayy uily

2

N
Y
Uy wazglinasla

N13A3IRFBUANNNLATEID

1. ArAnunse (validity) tun1snsiaaeu
Auleanswesiem (content validity) Tnan15i
wuuaeuawiildaiiedu e liudiFerydiun
3 v laAsutianugennasy (I0C) 531iNg .66-1

2. enemandiesiu (reliability) PRI
fusuUsudnhlunaasdld (try out) lunguiididnwasy
Adefunguiieg1s 30 milansliduuszansuoarh
AseuLIA JeldAarudetiuvindu .72

3. 191199 UN (discrimination power)
PAteuvuasunuiviuusaudiluneasdd (try
out) funguifidnwazadeiunguiegadiuam 30
A WilemArs s un Tng3insmardudssans
AVFLNUSIENINALUUUT T UAZ LU (corrected
item-total correlation) @sléA1g1uasiuuniny
.20-.94

nsususIadoya

@

AAdediiunisiiusiusiudeya el

U va o

1. m3fiusiusiudeya neun1sive §Ide




Wukuuaeuaulaslduuvasuaiudeyailuas
WUUARUNINNGANTINNIAIVANTEAULIAA UGN
vosrjhelsaumanu ialungunaneuaznguaiun

2. nquneaeusudAnidunslidlusunsy 12
dani uasnguaIuaulasuNITUARINUN

3. ManuTIUTIdeyandnisiasulusunsy
12 &Up9A elunaumaneIuasNguAIUAN LaTIY
wugthlsunsudsaiuguamlidunguniunuiled
avannsoilulilunseuauseduthamaludenves
ALY WazITenanveunungumuANTliaNT

< PR~
felunisideasell

n1sAsIevidaya

Wnseiilaglilusunsuduiogy fadl
1. @faanssaun (descriptive statistics)
lawA Aud Soway ALade WaraNUdeLULINATIIY

(%

2. @DFLY991999 (inferential statistics )

2.1 @0 Paired sample t-test LUT8U 17U
mmLLmﬂm'N‘wqaﬂsiumsmuamzﬁuﬁwma‘imﬁam
maqQﬂaEJmemdauﬁwé’amﬁ%’waaﬁgﬂuﬂtju
NARDILALNANAIUAL

2.2 @dd Independent Sample t-test
WU UAIULANATINGANTTUNITAIUANTEAY
ihaaludesvesftisiummuseminngumaassiv
nquAILANTanauN1TISouarnaInTTide

385554739¥

n153deadeild fuanmfiuteuainame
N35UN13938555uM T lunywd unInendesvdy
fiyaasasal 1@avdl 047/2021 Fufil 30 nsngnAN 2562
ailiitetuasingusrasdinaide funoulumssiiu
M99 Uselowiflaglézu avslunsufies viesnian
N13119IMN15398 dnsdnauenanisIdelunng
Jaiudeyalmiunnudu waziinnsvhatedoyands
w@3ans3de iWlenguinegsatnslauarasunudisy

nIveduatednualdnues JsusdunsIde

NAN15IY

'
¥ Y

1. Tayaviluvesngunaaesdiulvaiduine

£

@4 Anludesaz 60 ergfinuunfianayluye 51-

=

v

3
60 Yauly Anluseway 33.33 anunmalnge
Anlusesa 56.67 seAunIsAnwInuNINfignegly
seauUseaudne Antduseuay 43.34 n1susenau
a PN = a < v
21TNNUNINTGA 01 TNNwRINT Andusesay 40
wazahulugiselatesnit 5,000 v/ideu Al
Souay 66.67

nauauenEUlraumavd Andudosas 70
o1gfinuuniigaeglugie 41-50 U uaz 51-60 U A
JuSevay 33.33 anunmdilnge Anduiosas
63.33 sEAUNMIANwIMUINTigassoudAn Anduy
fowar 12 nsUsvnauendnnuiniianondniudng
luAnfuSosay 36.67 uazmeldmuinniign fsels
aend1 5,000 Ve Anlusesay 50 Fn1579 1

2. HAMTIATIENTOLANGANTIUNITAIUAY
seiuthnaludonszninedeunisite uasudanis
Wengfnssunismuauszduthmaludonvesyiae
15ALUIMIUYBINGUNARDIANDUNITIENU I TAZLUY
Laf-i'awqaﬂiiumamuamzﬁuﬁwmﬂmﬁamwhﬁ"u
189.63 wazmdnIdefinzuuuiadenginssunis
muauszRuthamaludeaiiu 224.23 fednse
78 Paired sample t-test Wu31 #AINFITTNGRNTTY
nsmuauszduihnaludengnitneunisitoegis

o w a (%

HpdrAgynsadfnszau .001

woAnssunsmuausziuiiaaludenves
HU2elsAUIMIUYRINgUATUANNBUNTTITENYTN &
AzuuLIRAENgAnssuNsAUANszduiiataluiden
Wiy 191.90 wagndan1sidedazuunadenginssy
nsmuauszduthnaludonyinfu 192,50 Wy
nFansideingAnssunisemuausgdutmaluden
liuansraiu Faange 2
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f1919 1

'
@

TIUINTo8az YeITBYaN I UYaINgUNAADIUAZNGUAIUAL

Fayanly ng§unNAaes (n=30) nguAUAN (n=30)
UM (AY) fovaz 31U (AU) fouay
LN
%8 12 a0 9 30
ni 18 60 21 70
018
30-40 U 1 3.33 1 3.33
41-50 U 6 20.00 10 33.33
51-60 10 33.33 10 33.33
61-70 U 5 16.67 5 16.67
71 9 uly 8 26.67 4 13.34
X=57.60 SD=11.77
FO1UNIN
Tdn 6 20.00 6 20.00
A 17 56.67 19 63.33
1319/ 7 23.33 5 16.67
JEAUNNTANYT
TailgAnwn 7 23.33 9 30.00
UszauAnu 13 43.34 9 30.00
AsuuAnEn 10 33.33 12 40.00
DTN
WHUNIULDNTU 0 0.00 3 10.00
LAYAITNG 12 40.00 9 30.00
$udneialy 10 33,33 11 36.67
ANUNE/D1TND AT 6 20.00 3 10.00
B q 2 6.67 i 13.33
s1ela
wosni1 5,000 UM 20 66.67 15 50.00
5,000-10,000 U™ 7 23.33 9 30.00
1711117 10,000 UM 3 10.00 6 20.00

X=6,450.00 SD=2,424.62

, ‘ NFEFIVINTUM IS BaLiisuede
U 17 aUu? 2 Uszdiiiou weun1au-gamau 2566 < < B
i g g atuinermansuazinalulad




M99 2

MSSIULTIEUYIALUULIRAINGANTIUNITAIVANTEAUIIMIaludenvesgUaglsauIaluibensena19ngu

VARDIAUNGUATUALYNNDULALYAINITTTE

519015 X SD t df p-value
NauUN13338 (n=30)
NGuNARY 189.63 24.65
-0.39 58 690
NaNAIUAL 191.90 19.56
na9N15338 (n=30)
NgUNAADa 224.23 28.72
5.03 58 .000*
NGUAIUAY 192.50 19.21

* p-value<.001

3. KANTIATIENTDYANGANTTUNITAIUAN
TeAUMAlURATENINNAUNARDILAENGUAIUAY
NBUNTITILALNAINTITY

ngfnssunsmuanszduinaludenvos
AU2ElIALUIMIUTENINNFUNADILAL NFUAIUAY
founsidenuin nduneassiinzuuuldowging
mimmmzﬁuﬁwmﬂmﬁaﬂwhﬁ’u 189.63 wagng
muAuiizuuudsngAnssumsnuauszdutima
Tuideawindu 191.90 wui1 NeuMTITETENINNGY
NAADILATNAUAIUANINGRANTTUNITATUANTEAY

H 2 v v
‘u’]mﬁﬁium@ﬂ‘ﬂlm LLENAIINU

ngfnssunsnUaNszduinaludonvos
HU28l5ALUIMIUTENINNGUNARB LAY NFUAIUA
nansisenuin nduneassilazuuudengingsy
nsmuaussdutmaludenviniu 224.23 uagndu
uAuiinzuuAsng AnssumInuauTsRUTaa
Tudoawindu 192.50 leTiAs1evisae Independent
sample t-test WU MAINTILNAUNARBIENGFNTTY
mimuﬂmzﬁuﬁwmalutﬁa@qmdﬂﬂa;umuqmaEJ'N

o w a [

NydAgyn19adfinszau .001 AIR1518 3
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MSSSUTTIURIIUUANG NYBIAZUUILRAENGANTIUNTAIVANTEAULIN Al A YesE U lsAIUINIIUTEN TN

NOUAUNAINITIILNNGUNANDIUALNGUATUAL

S90S X SD t df p-value
NguNAfea (n=30)
NBUNITIVY 189.63 24.65
-7.24 29 .000*
NAINITIVY 224.23 28.72
NGNAIUAN (N=30)
AOUNITINE 191.90 19.56
-0.29 29 770
NAINITIVY 192.50 19.21

* p-value<.001

aauseNa

Mnuamsideedsd wui mevdansnaass
Tungumeassiingnssumsemuauseduihmaludon
gandineumNduazganingualuauetaifuddny
msadAnsyu 001 aguldinlsunsudaaiuauamn
anunsfmIngAnssumuaussiunaludenved
AUseslsauulaandinisguaniuund esutela
31 TSN TUALESUFUNINENTINAINTTUAUMAN N
Py wazguassavesmgingsy Sn1saauu dadh
vinedauiy wagdnduladenisufianvayaniy
sutesgag g Uiean U ulaese wasih lUUun
sofithu nousisinmu wazlssiiunadiuiuoan
asisans1saguetwiailesvilinginssunisauay
seiuthaaludenidu aeandastunguiinsdnnis
PUIBSDY Creer flasunedunountsduduely 6 4u
pou fatl (1) madatmng (2) N1353UTIMTeya (3)
nsUsTInALazUsEdluRadeya (4) nsdndulauin
(5) M3UFTR waz (6) MsaviounansUFTR Befide
thuszgndldlufanssy iilelvinseunaumgdngsy
nsmvAuszduinaluden 5 du fio (1) s
Usen1uen (2) 1153uUsENueImis (3) n1seeniigs
ne (4) miquw%"uasﬁmwaﬂaaaé (5) M3IANT

‘ NIANTIVINTUATINE DA W Te
atuinermansuazinalulad

)
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AMULAYA d@OAAABINUNNTANEY Chaodamrongsakul
(2020) ARNWINTHALIFULUUANETUNTQUARLLDY
vasfthelsauvm lssmeuiadnn aanu sthelungy
naaosdiauiAeafiulsauImIL wasngAnTINNS
puamuesAnINguaua uazdszduthmaluiden
anaunnIgUlslunguatuaneg1afidedAgynig
atif .05 wazdDAARBINUNIIANYIVDS Sribenchamas
and Samruayruen (2020) FldFnvmaveslusunsy
U%ULﬂﬁsquaﬂiiuqsumwm'awqﬁﬂiiumsi’]’mmi
aulesvosiUreuviadl 2 duautedt sune
Wae FIANILNanys nudingunaassiaziuu
lAsNgAnssIMITansAUeelisu v ung
2 gaNINNoUNIINARBY WALEINTIINGUAIUANBE NG
HodAYn9aia .05 uazdsnAaeInunITANYIVY
Sornwongsa (2020) ﬁﬁﬂmmiﬁwmgmmumséa
i@SungAnssuauamUisiumuiialuausE Ry
ihamaldldlaenszuiunisidiusan nanudn sedu
ihmaluenrouuazudadniufnssuunndison

v o w a

HdvdAgyn1satnnszavu .05

' v
a va v b =

a3U WsunsudaeaSuaunmigifeaiiulag
lingudregafiuiuaumanmdyn wazguassa

a wa

SufuNwRudnt iy wazdndulalienisUgun




Awgautunueuiolianunsoiufoflaai uae
thnduluufcRderithundeuriaiaay wasUsziliung
yufvamairsassaguodsoilesivlingingsy
nsmuAusERUTmalu ety

Jovauanuslunisuinaliveldly

VBTN YA TUAYENIN SOULU TN TY
luusegnaldlunsuiulaeunginssuaiugusesu

4

imaluifenvesiUiglsaumuluiiundy wie
I5ABBTIRUNTRNwurAa19AdINUlagUS UL U LAY
Aanssulsmunzauiulsakazusunluwpagiud

Jovauanuzlunisildeasesaty

myhnsenwmalusseveiefnwinisasey
VDIMNEFNTTUATUANSEAUTNAA LSRR LNEEIN oM
lunsnsedu deasuliiinnginssuldedseiiios
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Abstract

The purpose of this article is to design of a rotary dehumidifier. It had a width of 0.50 meters, a length
of 1.50 meters, a height of 1.0 meters. The drive part used an electric motor of 0.5 horsepower, and the
heating system uses a 2,500 W infrared heater that can adjust the temperature accordingly. Including
installed humidity and temperature sensors inside the rotary dehumidifier. Measuring the electrical
efficiency found that while no-load per 30-minute production cycle, the cost per 1 production cycle
was 4.20 baht when there was a load of 10 kilograms per 30-minute production cycle. The cost used
per 1 production cycle is 4.30 baht. The weight of 10 kg was tested for 30 minutes. The moisture
percentage before drying was measured at 13.8. At the end of the time, the dried rice bran weighed

9.8 ke. The moisture percentage after drying was 5.0. Make rice bran reduce moisture.

Keywords: Rotary dehumidifier, Rice bran drying, Electrical performance
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