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Abstract

In the 21st century, the education system is changing rapidly,.
Modern teachers must adapt to technology and educational innovations to
enhance the quality of student learning. This article focuses on studying the
roles of modern teachers in developing 21st- century skills, using digital
technology to promote teaching and learning, and being academic leaders
who can inspire students. The study found that modern teachers need to
have digital skills, the ability to teach through Active Learning, and to develop
students' competencies in creative thinking and effective problem-solving.
Encouraging teachers to continuously develop new knowledge and skills will
help improve the education system's quality and meet the needs of society
in the current era.

Keywords : New era teachers, education quality, educational technology, 21st

century learning, Active Learning
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Abstract

This research used a mixed-method approach. The objectives of this
study were 1) to study the identity of woven fabric patterns of the Thai Song
Dam ethnic group at the Traditional Thai Dam Cultural Center, Moo 1, Ban Don
Sub-district, U-thong District, Suphan Buri 2) to design and develop a small-scale
Jacquard weaving machine to preserve traditional patterns and consistently
improve production efficiency and 3) to determine the efficiency of the small-
scale Jacquard weaving machine. The population and samples in this study
were divided into two groups: 1) community leaders, folk philosophers, and
villagers at the Traditional Thai Dam Cultural Center, Moo 1, Ban Don Sub-
district, U-thong District, Suphan Buri and 2) a target group of about 30 people
interested in Thai Song Dam woven fabric products, who participated in product
testing. The research instruments included interview forms, product evaluation
forms, and product testing. Data were analyzed using frequency, percentage,
mean, standard deviation, and user satisfaction level analysis. The findings
revealed the following: 1) The study of the identity of woven fabric patterns of
the Thai Song Dam ethnic group at the Traditional Thai Dam Cultural Center
showed that the technique of creating patterns involved folding fabrics of
various colors and stitching them together, as well as the use of “eua saew”
embroidery with different motifs on black fabric. Black is particularly significant,
as it represents the original name of the ethnic group. 2) The results of designing
and developing the small-scale Jacquard weaving machine to preserve the
traditional patterns of the Thai Song Dam ethnic group demonstrated that the
machine could be installed on existing looms and operated according to
traditional weaving plans. 3) The evaluation revealed that all five dimensions

were rated at high to very high levels, with “structural strength” receiving the

highest score (X = 4.70, SD = 0.44). This indicates that durability, safety, and
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functionality are the most valued attributes of the product. Overall, the small-
scale Jacquard loom was assessed as efficient, reliable, and well-suited for user
needs. Although the punch-card technique allowed for the creation of patterns,
there were limitations, as the studied motifs were embroidered. Consequently,
the patterns could not be fully replicated through weaving alone. To achieve

completeness, it is necessary to combine Jacquard weaving with the coiling

process.

Keywords : jacquard, loom, small jacquard
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Introduction

Fabric is a basic fundamental necessity to human life. This is because
fabric makes up one of the four essential factors. In addition to needing food,
housing and medicine, agrarian societies ever since the past have had to weave
fabrics for use in their families. Their weaving techniques have been
accumulated and passed on over time by female family members, since
weaving is an art which requires diligence, patience, perseverance,
meticulousness and delicateness. Mothers or grandmothers take charge of
teaching and passing on their techniques and experiences in weaving to their
daughters or granddaughters. Thus, their skills became intellectual heritage
passed on from one generation to the next in the same manner as cultural
heritage. Fabrics have long been produced in every region of Thailand. The
methods involved in their production are meticulous. There are techniques for
creating various complex and uncomplex patterns such as by dyeing to create
patterns, adding warp and weft lines to create patterns and twisting two strands
of silk into one. The patterns woven on attractive fabrics result from the wisdom
of the weavers and the natural environment. Thai woven fabric patterns began
from things observed in nature, followed by various combinations of geometric
patterns (Phetnil & Kularb, 2022).

Fabric weaving is a part of the human way of life. (Sinthuchai &
Yodmalee, 2021). This is because it is the production of clothing, which is part
of the four essential factors for human life. Furthermore, fabric weaving is an art
in itself. The weaving cone by each ethnic group has its own shapes patterns,
and these shapes and patterns indicate identity and culture as well as the
beliefs and backgrounds of each ethnic group. Some of these patterns and

symbols have been passed on across many generations. Some patterns are
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named in local languages and not understood by Thai people in other regions,
such as the la pattern, Bak Chan pattern, etc. Meanwhile, some other names
have been known widely without any knowledge on their backgrounds such as
the spider pattern and squid pattern. Furthermore, some patterns are given new
names such as the "Kho Phra Thep" pattern, etc. Some symbols and patterns
are connected to the attitudes and beliefs of the local Thai people, who have
passed them on through many generations, and many are connected to
patterns apparent in other arts such as reliefs and architectural works.
Sometimes they are even mentioned in local myths and literatures. Finally,
some patterns are attitudes shared with contemporary beliefs and appear in
the arts of many countries such as hook patterns and spiral patterns (Chanpla,
J., etal.,2011).

At present, fabric weaving is still taking place in many localities to
produce the same traditional patterns. This is particularly true for certain ethnic
communities dispersed across various regions of Thailand. For weaving in the
lower central region (UthaiThani, Chai Nat, Suphan Buri, Saraburi, Lopburi,
Nakhon Pathom, Ratchaburi, Phetchaburi, etc.), Thai Yuan and Thai Lao settled
in these places over various time periods in Thai history, especially in the case
of Thai Lao ethnic groups such as the Puan, Song, Phu Thai, Krang, etc., who
settled there. (Kongkaew & Chanthong, 2021). These Thai Lao peoples have
retained their distinct cultures and identities, especially the patterns they weave
into their fabrics, which have various different colors and characteristics. That
being said, the Thai Song Dam of Lao Song people who settled in the country
established homes which were similar to their own backgrounds. First, they
settled in Phetchaburi, but then they moved to various adjacent provinces such

as Suphan Buri, Nakhon Pathom, Chai Nat, Nakhon Sawan, Phitsanulok and
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Phichit. Ever since the past, the Thai Song Dam preferred to manufacture their
own tools and furniture, and a handicraft of theirs which stands out is their
fabrics. Since the past, they grew their own silk worms for producing threads
and for weaving fabrics. Fabric weaving is intimately connected with the unique
culture of the Thai Song people. Their fabrics are unique and stand out for their
distinct patterns, embroideries and stitch work. They largely preferred to use
black fabrics and have preserved their traditions and customers. As a result, Thai
Song Dam fabrics are valuable works which were developed by their ancestors
and passed on to the later generations. Thai Song Dam groups are dispersed
through the country but particularly in the central region. Suphan Buri is a
particular province in which large numbers of Thai Song Dam have settled. They
are spread across different areas, especially in Ban Don Sub-District. The woven
fabrics and apparels of the Thai Song Dam represent their cultures and traditions
and attitudes and beliefs in their daily lives. They stand out in that both men
and women wear black clothing. Women, in particular, wear a skirt known as
the watermelon skirt, which is made by weaving blue-dyed cotton together with
red silk and covered with white patterns. At present, blue is the preferred color
along with double threaded patterns and single threaded patterns. The people
say that the fabric will sparkle in red when exposed to sunlight. Thus, it is a way
for Thai Song Dam women to reminisce about their men when they go out to
work in different areas for a long time. It is a way to send a message from the
heart without direct communication. The watermelon skirt is worn with a
sleeveless shirt. ( Phetnil, 2023). However, the Hee shirt is worn during
ceremonies. Men wear black pants known as Suang Hee pants, also worn with
sleeveless shirts and Hee shirts. Most Thai Song Dam products are apparels and

other handicrafts. These products are often bought by the Thai Song Dam
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themselves, although a small number is purchased by tourists as souvenirs.
These products clearly represent the culture of the Thai Song Dam people, as
apparent from the colors and patterns in weaving and stitching such as red,
orange, green, yellow and white colors, and distinctive patterns such as the Dok
Chan pattern, Kho Kud pattern, Dok Paed pattern, etc. (Thongthai, 2022).

However, fabric weaving by the Thai Song Dam at Ban Don in Suphan
Buri is beginning to disappear, since society is changing economically and
socially, within increasing influences of education and communication,
compounded by the increasing availability of cheap clothing made by industrial
factories. Furthermore, modern Thai Song Dam people began taking interest in
engaging in various occupations aside from farming, leading to a change in the
lifestyles and culture of the Thai Song Dam of Suphan Buri. Weaving, in
particularly, is no longer as common, and the people are dressing themselves
differently. Villagers are replacing hand-woven fabrics with machine- woven
fabrics. Consequently, their Thai handicrafts have practically vanished from
some communities.

The design and development of a small- scale Jacquard loom for
producing Tai Song Dam woven fabrics is highly significant in preserving and
transmitting traditional patterns of this ethnic group. The weaving patterns of
the Tai Song Dam are distinctive, reflecting a long-standing cultural identity and
history.  Traditionally, the creation of these intricate patterns relied on
craftsmanship and individual expertise. Manual labor alone presents limitations
in terms of time, precision, and production volume, making it difficult to meet
contemporary demands (Department of Cultural Promotion, 2020). The small-
scale Jacquard loom has thus been designed to address the challenges of

reproducing traditional motifs. Its key feature is the ability to program complex
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and diverse heddle-lifting sequences, enabling ancient patterns of high delicacy
to be reproduced with accuracy, while reducing the risk of loss or distortion
(Sureeporn, 2021). Moreover, it saves labor, shortens production time, and
provides opportunities for designers and new weavers to learn and create
contemporary patterns based on traditional designs more effectively (Supachai
et al., 2021). Therefore, the small-scale Jacquard loom plays an essential role
in safeguarding the cultural heritage of the Tai Song Dam. It not only preserves
their unique motifs but also facilitates transmission, continuity, and the
extension of indigenous knowledge into innovative contemporary creations in a
sustainable manner (UNESCO, 2021).

Thus, in order to preserve and conserve Thai Song Dam fabric weaving
at Ban Don in Suphan Buri and save it from vanishing due to social conditions
and time, the researchers, which belong to an academic agency responsible for
taking actions related to various academic services in order to strengthen
communities and society and other activities related to establishing research
networks to meet community and social needs, became interested in
conducting a study to design and develop a small jacquard to enhance the
quality of Thai Song Dam woven fabrics and to preserve their weaving patterns
in order to reduce the need for memorization, weaving time, cost, time, and
labor cost from the traditional weaving techniques to develop new Thai Song
Dam products that will increase value in line with creative economy guidelines
and preserve the identities and meanings of Thai Song Dam woven fabrics in
order to ensure that Thai Song Dam fabrics can be developed into various
products that can meet the needs of modern customers whose ways of living
have changed in many ways. This effort is one way to preserve and pass on the

fabric weaving of the Thai Song Dam people at Ban Don, Suphan Buri, and



20 | MIansimnssumansuazinaluladonamnssuuiuanda, 97 6 aufl 2 Weu n.a. - 5.0, 2568

prevent it from vanishing. The objectives has 3 topics: 1) To study the identity
of woven fabric pattern of Thai Song Dam ethnic group in Traditional Thai Dam
Cultural Center at Moo 1, Ban Don sub-district, U-thong district, Suphan Buri 2)
To design and develop small-scale jacquard weaving machine to preserve
traditional patterns and constantly increase production efficiency; 3) To

determine the efficiency of the small jacquard weaving machines.

Material and methods
This research was a research with mixed methods that utilized a research
and development process. This research was divided into four main phases as
follows: Phase 1 — study of relevant knowledge and survey of basic data; Phase
2 — design and development of the jacquard; Phase 3 — testing of the developed
design; and Phase 4 - refinement of the developed design.
1.2.1 Target Group
The target group consisted of community leaders, local sages, and
villagers of at Moo 1, Ban Don, U-Thong, Suphan Buri, along with other people
interested in Thai Song Dam woven fabrics. In all, there were 30 people.
1.2.2 Research Instrumentation
The instruments used in the research consisted of a structured in-
depth interview form used for in-depth interviews of Thai Song Dam people at
Ban Don, Suphan Buri, and a small jacquard product evaluation form. Product
testing was supervised by 3 experts in testing jacquard design for weaving Thai
Song Dam fabrics. The selection criteria were as follows: (1) One expert in the
Thai Song Dam ethnic group; (2) One Thai Song Dam fabric manufacturer and

distributor; and (3) One academic in weaving technologies.
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1.2.3 Evaluation Form for Product Development and Design for
Experts in Small Jacquard Product Design
- Data Analysis and Statistics Used in Data Analysis
(1) Quantitative data analysis was performed with data obtained
from questionnaires analyzed as follows:

- Analysis by descriptive statistics covered frequencies, percentages,
mean values, and standard deviations. Data were analyzed in five-level
scales. The researcher used the concept by Best (Best, 1981) to interpret
results as follows:

Mean from 4.50 - 5.00 means the highest
Mean from 3.50 - 4.49 means high
Mean from 2.50 - 3.49 means medium
Mean from 1.50 — 2.49 means low
Mean from 1.00 — 1.49 means the least
(2) Qualitative data analysis was conducted by using data obtained
from the qualitative data collection instruments, namely, in- depth
interviews and observation. Prior to analysis, data accuracy was verified.
The data were then analyzed using the following techniques:
- Content analysis.
- Typology and taxonomy
- Cause and effect analysis
Results
1)Study of the uniqueness and identity of the woven patterns of Thai
Song Dam fabrics at the Traditional Tai Dam Cultural Center, Moo 1, Ban Don

Sub-District, U-Thong District, Suphan Buri
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For the findings on the uniqueness and identity of the woven fabric
patterns of the Thai Song Dam ethnic group at the Traditional Tai Dam Cultural
Center, Moo 1, Ban Don Sub- District, U- Thong District, Suphan Buri, the
researcher ordered the unique characteristics of woven fabric patterns according
to pattern creation techniques and colors identifying the ethnic group. The
findings were as follows:

A variety of folding and pulling techniques using various colored
fabrics were used to create patterns. The Ua Saew was also used, which is a
method to stitch lines into various patterns on a black fabric. The black color is
a color which identifies the Thai Song Dam identity and is an origin of the ethnic
group's name. The characteristics and styles of pattern adaptation of the Tai

Song Dam are applied as follows:

1) Application through the use of five primary colors (red, orange, green,
white, and black) applied as decorative elements on a black background.

2) Application of patterns using triangular and square shapes, combined to
form motifs by folding edges or corners and stitching them together.

3) Application by adding details to the patterns, such as framing the motif
with rectangular borders.

4) Application by retaining the original design but altering the colors,
making it more suitable for contemporary use.

5) Application by rearranging shapes and colors on a black backeround,
creating newly designed motifs that emphasize beauty and
appropriateness for intended uses, particularly in the technique of

patchwork pattern-making.
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Figure 1. Floral stitching patterns of the Thai Song Dam textiles from Ban Don;

Picture Taken by the Research Team on 20 July 2023

2) Design and development of a small jacquard to preserve

traditional patterns and increase production effectiveness

For the findings on the design and development of a small jacquard to
preserve traditional patterns of the Thai Song Dam people at the Traditional Tai
Dam Cultural Center, Moo 1, Ban Don Sub-District, U-Thong District, Suphan Buri,
the study in the design and development of the small jacquard by the research

committee produced the following findings:

In regards to design, the small jacquard is mainly composed of 1) a lifting
box part of the system for lifting control of standing threads, whereby as 160
cards in the machine come into contact with needles, patterns are created; and

2) a structure attached to the lifting box responsible for weaving fabrics.
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Figure 2. Small loom fitted with the 160 needle Jacquard system

In regards to techniques, the process to create patterns by using cards
takes place by using punched cards to create patterns. Each card controls the
lifting of standing threads in rows and columns, whereby 160 threads are lifted
through a hive with ends attached to hooks in a box set. In the system, the
code 0 means not punched or no lifting, while 1 means punctured or lifting.
Thus, they make it possible to create desired patterns. Warp and weft lines are
created by using spindles to weave threads through lifted threads which are

impacted by beaters to firmly secure threads to produce the desired fabrics.
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Figure 4. Prototype of a small semi-automatic weaving machine with a single

treadle system
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3) determine the efficiency of the small-scale Jacquard weaving

machine

Evaluation | Item with Highest | Mean (X) SD Interpretation

Dimension Mean
Functionality | Value for money 4.60 0.52 The highest
Aesthetics Modern and 4.45 0.48 high

appealing design

Price 10,000-15,000 4.20 0.65 high
Baht
Safety & Safe design during 4.55 0.50 The highest
Maintenance use
Materials Structural strength 4.70 0.44 The highest

The results indicated that in terms of Functionality, the highest mean
score was found in the item “Value for money” (X = 4.60, SD = 0.52), which
was interpreted as very high. For Aesthetics, the item with the highest score was
“Modern and appealing design” (X = 4.45, SD = 0.48), interpreted as high. In
the Price category, the most preferred option was “ 10,000- 15,000 Baht” (X=
4.20, SD = 0.65), also at a high level. Regarding Safety and Maintenance, “Safe
design during use” achieved the highest score (X = 4.55, SD = 0.50), at a very
high level. Finally, for Materials, the highest mean score was “ Structural
strength” (X = 4.70, SD = 0.44), which was at a very high level. Overall, the
evaluation showed that structural strength of materials (5.3) had the highest
mean score among all items, highlighting durability and reliability as the most

valued attribute of the product.
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Research Products

1) A loom installed with a small jacquard sized 160 needles.
2) A model for creating and recording community woven patterns for

preserving Thai Song Dam woven fabrics through pattern cards.

Research Outcomes
1) Increased recognition of the importance of the Thai Song Dam
culture and joint learning involving the community and Traditional
Tai Dam Cultural Center.
2) Development of the small jacquard innovation for preserving Thai

Song Dam woven fabric patterns.

Application of the Research Findings

Academics — Apply the findings to resolve problems or in other academic
uses to provide new knowledge, for reference or for teaching students in a
classroom setting, or to publish the research findings in a national- level
periodical. (Khanthong & Praphan, 2021).

Policy — Use the findings as data to accompany the creation of measures
and regulations by government organizations or agencies or in creating policies
for managing local knowledge heritage. (Srisuk & Boonruang, 2022).

Communities - Use the small jacquard innovation created by the
research in communities. (Wongruang & Chokthanasakun, 2023).

Commercial — Develop local woven fabric products or textile products
to generate revenue or increase local fabric weaving effectiveness. (Kamonrat &

Lertsakul, 2020).
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Conclusions and Discussion

This research created results that can be used in academics, policies,
communities and commerce. Local communities or other interested parties can
apply the model for the design and development of the small jacquard in
making appropriate improvements to local knowledge and technologies and
increasing local fabric weaving effectiveness or in increasing production volume,
reducing learning time, reducing skills, reducing shortages of knowledgeable
people in passing on their knowledge, and increasing access in every age group
as well as preserving the local woven fabric patterns of communities long in to
the future. (Sookwong, 2021; Jantarasiri & Meethong, (2023). The model also
has the potential to contribute to inclusive innovation at the community level,
linking cultural sustainability with economic development. With appropriate
adaptation, this innovation can be implemented in other weaving communities
to empower local artisans and strengthen local identity through creative

industries (Manopwisedkul & Chaiyasuk, 2022).
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Abstract

This research aimed to develop a model for occupational health and
safety management in the furniture industry for small enterprises. The sample
group consisted of 6 employers, 60 employees, 2 government officials, 2
community leaders, and 2 local residents. Sampling was conducted using simple
random and purposive sampling methods. Data were analyzed using descriptive
statistics and SWOT analysis based on balanced scorecard indicators, including
safety measures, safety climate, and occupational health risk factors. The study
found that the developed model comprised three phases: (1) occupational
health and safety operations, (2) strategic planning for implementation, and (3)
adoption of international standards. The evaluation of the model’ s
appropriateness yielded an average score of 3.93 with a standard deviation of
0.75, while the user manual received an average score of 3.87 with a standard
deviation of 0.51, both considered good. The knowledge obtained from this
research can serve as a guideline for improving safety management systems in
small enterprises, enhancing workers’ quality of life, and promoting a

sustainable safety culture.

Keywords : Management, Occupational Health and Safety, Furniture, Small

Enterprise
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Abstract

The objective of this research was to design and develop an induction
coil set for use in experimental setups to study the principles of
electromagnetic induction based on Faraday's law. The induction coil set
consists of primary and secondary coils constructed specifically for
educational and experimental purposes. The functionality of the apparatus
was tested, and its quality was evaluated by experts.

The experimental results demonstrated that the primary coils
(diameter: 6 cm, length: 10 cm) with 100, 200, or 300 turns produced magnetic
fields consistent with the principle of the solenoid's magnetic field. The
secondary coils, each with a diameter of 2.2 cm, a length of 4 cm, and 100,
200, and 300 turns respectively, were used to measure the induced
electromotive force (EMF). When an alternating current at 50 Hz, ranging from
0.8 Ato 1.2 A, was applied to the primary coil, the secondary coil generated
an induced EMF in the range of 1.75 mV to 115 mV. The apparatus effectively
demonstrates the relationship between electric current and induced EMF, in
accordance with Faraday’s law of electromagnetic induction. The measured

percentage error ranged from 0.71% to 14.22%. The quality is at a very good
level (X = 4.72, S.D. = 0.30)

Keywords : Induction coils, Physics Experimental, Faraday’s law of electromagnetic

induction
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Packaging design from banana sheaths of Banana Tree.
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Abstract

Packaging and Thai handicraft products are closely related to the Thai
way of life due to the natural environment, geography, and agricultural
occupation. Therefore, tools and utensils are created from local materials
that can be produced for self-use in order to earn a living and use in daily life
by weaving and weaving from strips and strands. The shape of the inventions
is created according to the purpose and utility. For example, the utilization
of banana sheaths, which is a local wisdom, such as using them as banana
ropes to bind various objects. Research on the properties of banana sheaths
leads to inventions or products that add value and also help reduce
environmental pollution problems. Banana sheath packaging was designed
with 2 objectives: 1) to study the problems of the local community; 2) to
study information on materials, production processes, and information
leading to packaging design concepts; and 3) to design banana sheath
packaging that is contemporary. The following are conducted: 1) experiments
on the tensile force of banana sheath strands; 2) questionnaires on consumer
satisfaction with banana sheath packaging. The results of the tensile force
experiments showed that banana sheath strands can withstand a tensile force
of approximately 12 kilograms without breaking and can support the weight.
This qualitative research was conducted by studying relevant documents and
surveying the sample. The research tools included a consumer satisfaction
questionnaire on banana sheath packaging. The questionnaire assessed
satisfaction. The statistics used for data analysis included means, percentages,
and standard deviations. The sample consisted of 50 consumers aged 18-45
years. The research then designed three types of banana sheath packaging.
The results showed that Type 1 had an average value (X = 2.78) at a moderate

level, followed by Type 2 with an average value (X = 3.27) at a high level,
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and Type 3 with an average value (X = 4.02) at a high level. Therefore, the
results of the study on banana sheath packaging design are another process
for studying and developing original materials as a guideline for creating
packaging from local wisdom, which leads to sustainable community
economic development. The key point of this research is to add value and
develop packaging designs for local areas and generate income for people in
the community, since packaging produced for food is not coated with

chemicals. It may be more susceptible to mold than other types of packaging.

Keywords: packaging, banana sheath, design
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Abstract

This research presents a framework for analyzing and forecasting three-
phase electrical load using Quantum-Inspired Machine Learning combined
with STL Decomposition, K- Means Clustering, and Anomaly Detection
techniques. Real-world data were collected from the Industrial Technician
School building at RMUTSV over a period of 151 days (December 2024 - April
2025). The analysis revealed that Phase B exhibited the highest average
current at 13.40A, compared to Phase A (6.02A) and Phase C (7.62A), indicating
a significant phase unbalance, with an average A-B difference of 7.38A and
a maximum differential of 17.9A. STL Decomposition indicated an upward
trend in Phase B load, increasing from 7.0A in December 2024 to 21.5A in
March 2025, along with multiple residual spikes exceeding +5A, reflecting
transient load fluctuations. Anomaly Detection (Z-Score + Isolation Forest)
identified 17 abnormal points, with the highest anomaly recorded on
March 12, 2025, reaching 36.0A. Using K-Means clustering (k = 3), the load was
classified into three clusters Low ~7.1A Medium ~13.7A High ~19.3A These
findings provide critical insights for developing effective energy management
strategies within educational buildings.

Keywords : Electrical load forecasting, Quantum-inspired machine learning,

STL decomposition, Anomaly detection, Load clustering
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(% 1% 1% '
v a o a o w

Saduinivesidanuanuuugidondyfuteyailudaay Samuulsusiugs
wardinandana dailnluannsadanis noise wagguuvulnaniisousyluzn
1o3a Time Series lnag19fudl (EL Khantach et al., 2019; Zhou et al., 2021;
Xiong et al., 2018)

Wonoulaned cuddetihiaue Quantum-Inspired Deep Load Forecasting
Model 9" manu Deep Learning, Attention Mechanism W& Time Series
decomposition ﬁqvﬁqaﬁug’;’hﬁéwLﬁuﬂﬁzﬁm%mwmiwmﬂiaj Ui et al.,, 2023;
Jiang et al., 2024; Xiong et al., 2018) IaJLmaffé’umm%’u%@uﬁuaawqaﬂssﬂmamlﬁ”
Andu Lﬁum’mLLaiusJ’WLLaziaa%’Uﬁzjuazgawai’m (Ahmed et al., 2023; Lin et al., 2025;
Patel et al., 2025; Farsi et al., 2021)

v

mimaauﬁuﬁayja‘lmm 3 LWamﬂmmiﬁsuﬁwqmammw UNT.AIATE
wuTaAatLILE1NI7 LSTM Wag Random Forest 517 20-25% lasdl MAE #gn
0.89A uansfisdnen1nlunisdnng noise LLazgﬂLLUU%’Usgau (Zhou et al., 2021;
Zhang et al., 2021; Ji et al., 2023) gﬁﬂﬂmauﬁamﬁﬂﬁj luma Quantum-Inspired
Faflunumdfymeeinssaniusnaznistnn sndsud B (Han et al, 2023; Ji

et al,, 2023; Jiang et al., 2024)

2. Inguszaen

2.1 W11 Quantum-Inspired Deep Load Forecasting @i uluanaiuina
Wlevueanamun 1w, uaz 1 u a9 MAPE < 5%

2.2 SJLﬂiﬂzﬁwqaﬂﬁﬁuI%aW;lj’m STL Decomposition, K-Means, wag Anomaly
Detection Tngnsadumgiiaund >95% uavdnnaulvian 3 sesy

2.3 1WipuLiuyUszansniw Quantum-inspired Model /U LSTM, GRU, ARIMA

Tnely RMSE, MAE, MAPE LAEARILIUEINMINNATALRY
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2.0 LEAUDLAUIANITNANIUINNKAYUIY WWean Phase Imbalance >10% wag

ANWAINU 5%
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ssnarsive naifuteyalvanlwviuuuauina laun Phase A, Phase B uax
Phase C éauﬁ’uﬁa;ﬂaqmmﬁumgamwi’u Tugsszoziandauniiousuanay
WA 2567 FaawIu 1A, 2568 (TInTrEgLIan 5 Liou) veyavianuaey luguuuy
Time-Series 11834 Usznaumeainszudlivinaeds (A) vesunazila ILERRIVE
iprasunar iy Wofudueugnaesasszutiivteya lnvhmsiieuieudy
iwsesiioTmnnIgiu uazdummMALnaIReAouBaUesdun (Emor Percentage
) wansUsziiununanmnanndoueylumis 0.07% f1 0.78% Feagluinami

gausUlnd IS UNITIATIEUMIAINTSULANA

Main Distribution Board (MDB) Clamp Meter (CM)

A @ ¥ ¥ [ "a; ‘u v [
AN 1 LLﬁG’NﬂWiLﬂUi’JUﬁ’JWU@M‘jaﬂ'W{Ifﬁ‘WﬁN']“Lli‘liLGZIUL‘(J@i’mﬂﬁzLLﬁvLWW’]TJSJﬂU

J¥UU loT
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Total Power Usage Maximum Demand of This Month Alen Davica
39 61.0 2

FPower Usage Trend Connecied Davice Number

3

AN 2 NSHAAINANTITINAINULNTN LUy Real Time

3.2 wiadafilsiasen

1. STL Decomposition Equation

STL (Seasonal-Trend decomposition using LOESS) wuinadaniead@d
Tausngavoyasynsuia (Time Series) sonudu 3 aaundn lawn wuluy (Trend)
wansfimnenisiudsunuastesoyalusvezen wu nslendanufindulumnads
Wy ggn1a (Seasonality) LLamgiJLLuumquﬁauLLUaﬂﬁLﬁmﬁwgw 9 AUYIEIET
wu mslelvandfistuluiuduns-ans wazanadlutungn anufaund (Residual
%30 Remainder) AornunlsUnuiivdoogudsndauuluuuazganiasenly
iy aruAnunAnivangeandsundy videmslsnuAaund yavoyalnanlivily

wnaz Tuanansadeuduaunis

Y, =T +5S, +R, (1)

e v annssualnedsluwnas iy
T : wwnlunveveya
s, JUwuuauduggna wu anunlutusssun ueslutunen

R,: ANUAAUNR LU NegainUng
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2. Pearson Correlation Coefficient

Tuszuullin 3 wladileluoansiou minlnanluunaslaluauga
(Unbalanced Load) 81avilsianansenu wu anuseuazadluanowlalamands
mwm?{amaaqmstﬁ miqutﬁawé’ﬂmuﬁqﬁu (Power Loss) A1 Power Factor
anas é’qﬂ'jumﬁLﬂiflzﬁmmﬁuﬁuéﬁuaqﬂizLLaIV\Ivilu'rizWi'NLLéazLWa?jﬂﬁmmﬁﬁfy
TunsnuunuInaunalvan kavnsIaFuamNRAUNAYe3sEUU Pearson Correlation
Coefficient w3e Aranduiusiiiesdu (1 lovensyiunuduiusidaeay (Linear

Relationship) s¥mneiuUsanssin 1w nsvuawa A duwa B Wewduanns

3 (X XY -Y)
r><Y = — —
\/Z(xi -X)* .\/Z(\c -Y)

(2)

Tnefl X,Y P AINTTLAveIE A uay B
XY Ao Aadeves X uay Y
r,, Ao Aavdiusilesdusenang X wag Y (egsew -1 & +1)
3. Euclidean Distance (16?}}114 K-Means Clustering)
TuuSunwosmsinziinanliwuuuse Ty wu nan 3 mealuensisou
(Phase A, B, C) Euclidean Distance luifuiadosiiatann “unazfuiiguuuunisly
Tnanendeunnaisanfuminualny” delysaufu KMeans Clustering 2%
anmnsadangu (Cluster) ufidinginssulnannatefu 1wy Jusssunndadou

JunengadUunm Junfivanisaiivay wi levesuszyudiuiunn Wewduaunis

dp,a) = [Y(p -q)" 3)

Tned P, q AD nnwmesvesnsualivinluLeaz Ty (1w [Phase A, B, C))

n As U = 3
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4. Z-Score (Yarnudeauuainaiade)

Z-Score iumaiiamsadditlyina “anien ﬁwqmﬂﬁﬁl,a?{maqsq@%auua
unualvy” Imaﬁmﬂuwﬁawamﬁmﬁ'mwummgw (Standard Deviation)
ansalufionsiaduiudorsnanfianliviiden “audedfaund” Woidey
nungAnssuunfvessyuy Z-Score suaa%amvaa;wﬁa fio Anfiuen “%auﬂaﬁﬁwmﬂ

' a A =i —
ANRAYNFIULULILVUNINTE Y L“UEJuLﬂjuﬁllﬂ’]i

2-LH (4)
O

Tefl X Ao Anszualuivilufunds
LA Al
o fio audsauuannsgy
yn |z|> 2v3e|z|> 3 Gennerafiinung
5. Phase Imbalance Calculation (ﬁﬁmmﬁﬂmmﬁama)
szuuliivh 3 amsiinisnszatelvanessauna tioUssAvBamessruy
wazaneLgydendany mnluasluurasanaiun asassalinuseuazay
Tuaned Sulnanun @onanmussviondas, a1elil uargUnsailasdu maiin
Neutral Current gelussuu 4 ang UseanSamuedssuuanas LLazhﬂw%maqasﬁu
aun1sdamamliauna (Current Imbalance) wuusosay laiiludieslygns

ANUUINTZU IEEE wae NEC GLuﬂ’]iﬁ'Wu’Jmﬂ’]ﬂ’ﬂﬂl&lﬁuﬂﬁ%@ﬁﬂi%LLﬁ

[ -
Phaselmbalance (%) = == x 100 (5)
|

avg

lngfl | Ao nIzuageanty 3 wia (A, B, 3e Q)

|+l +H.

., e ALadeveenseuans 3 e | =
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6. Anomaly Score (Isolation Forest Conceptual)

Isolation Forest (iForest) 1duinailan Machine Learning @15 Anomaly
Detection y3amantadu “veyaRnund” lasiomgluroyadiivianefii wu van
Phase A, B, C uaggamnisamiuluunaz3u Isolation Forest laila "$1aasmgfingsu
Und" waloudnns LLsJﬂézTaagJa (Isolation) %agaﬁﬁmﬂﬂﬁﬁﬂagfimm?{m (Isolated)
wazamIIngnkeneenaInvayad ulae lumenduiureyaunfaznadlanany
Fumoulunisusn imsiveglnadunauveyadu iForest azastamatsauluz
(Random Trees) Ingn1siden Feature wa Threshold LUUAL WAAzUYATLQN
uen (Partition) aslu Leaf Node wasnuluauninaglaniisn audniads (Path

Length) lvlunisuenveyaazgnirluAuias Anomaly Score Rl

E(h(9)

s(x,n)=2 (6)

Tnefl s(x,n)#o Anomaly Score wasaya x Wiafivoyaviaman n
E(h() o Arwidniadslumsuenveya x vuaulal
o(n) Ao masiilagUszsnamesarmdnedslu BST (il Normalize)
AALLULOYT29 0 89 1108 1 fo Aaunfiga na 0.5 Ae Undi Tna 0 Ae an

v v '

FYOUTUNUUBLADULN

4. Wan15IY

4.1 WQ@ﬂiiﬂﬁﬁﬂlW“ﬁﬂ 3 Wasneiy mﬂmﬁmezﬁszjyauuaﬂsw,alﬂ/\hﬁwmq
Phase A, B wag C luriaifieusuiay w.e. 2567 Aafiouswiey n.a. 2568 U
wia B finnszualadegsgaiiiesSeuiivuiumadunasneinan (ade ~ 13.04)
yaupiiia C finnszuangluseduuiunats (Rde ~ 7.6A) wasiwa A dasiiige

(1238 ~ 6.0A) AILAAIIUAITIN 1
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A13°97 1 @0ALTaNTSUUN (Descriptive Statistics)

518019 Phase A (A) Phase B (A) Phase C (A)

Count 151 151 151
Mean ~6.02 ~13.40 ~7.62
Std ~3.97 ~6.89 ~0.63
Min 0.7 4.3 1.3
Max 20.1 36.0 26.1
25% 2.6 7.3 3.9
50% 5.8 13.9 6.7
5% 9.3 18.9 10.9

140

120

80

Current (A}

60

Descriptive Statistics of Three-Phase Currents

o

A 3 NsiUSeuiBuanfganssaunvensekalivnlulnazinavasssuulnmi 3

NG

dl a = ' aa a
VINATINN 3LﬁUﬂﬁ'WWLLﬁ@\‘iﬂ'WiLUﬁEJULVIEJ‘UV’]'TVI'NﬁﬂG]Lﬂjﬂ‘WSimuq

(Descriptive Statistics) %aﬂﬂizLLavLWV\lﬂuLLG{azLWa (Phase A, Phase B LLay Phase

Q) Mnvayananua 151 1en1snena lnsdlausnIuuNugiiung (Bar Chart) Lite

wanawwlluunisnsseiivesveyaluuaaziva laun Anade (Mean) Phase A =

6.02A, Phase B = 13.40A, Phase C = 7.62A U1 Phase B fiAnadegsan uanafa

n155ulnangenIm e @1uleauuu1nsgIu (Standard Deviation) Phase A =
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3.97A, Phase B = 6.89A, Phase C = 4.63A Phase B ﬁﬂlﬂﬂ’s’lMLLU'ﬁﬂi’Juq\iﬁm
agvoufansdsunladivanogdluasiiaue ﬁwﬁwqﬂ (Min) LLazéﬂqqq(ﬂ (Max)
Phase A 0.7-20.1A, Phase B 4.3-36.0A 1La¥ Phase C 1.3-26.1A Phase B ﬁSUI’N
nszuanifian vsvendamginssulnandluasil a1aolng (25%, 50%, 75%)
ﬂ'wﬁﬁagmmm Phase B = 13.9A qqmﬁ Phase A (5.8A) Lag Phase C (6.7A) 8814
Fonau Flmduisaaluaugavedvanlussuu 3 wia agulnarannsmnuld
Phase B fidnwaizn1ssulnaniigauazuususiuanniianifleifisuiudnasana 3
vedagymanuluaunavesivasluszuy oralugaruseuarangs arwgnyde
Tuany wagnsidenanmvesgunsailuszezen SamsinisnsaaeulazU3uanna
TnanssvmataogashiaueifioifinusyAvsnmuosszuuls

4.2 ﬂ’;’miﬂ.jau@aiw’j’]ﬂma (Phase unbalance)

Tussuulviwnssuaaduanua araluausassianaiatudennssua
vdoussfuvesumazalumniy awngmdnanannsnszanelvanluaiaense
nslyaugunsaififiivanluauung wafinunfeUssansnmszuuanas LAans
gydondenu anuseuasaulumeds vilaulas vilewawnod uarluuoimesanma
oradaussdnluasiiaue amansegmislenuuazarundemoiang msed 2
uanInARAveInINANINTELATTINaElULAALY (A-B, A-C uay B-C) GalyUsudu
seiumaluaunauazuuluansuUsiuresinanlivi veyatvisluaunuunly
WU 3dnaugalvan (Load Balancing) ﬂ’]iszfauﬁﬁqu%mjaqﬁ’u wagMsUsUUsSe
spuulviladesnimannty

A5199 2 ANAUANSTEINIE (Phase difference)

378015 A _AB (A) A BC (A) A CA (A)
Mean ~7.38 ~5.78 ~2.12
Std ~4.72 ~5.79 ~2.88
Max ~17.9 ~17.8 ~10.5
Min ~0.1 ~0.1 ~0.01




NsaTimnssumansuazvaluladgnamnssuuuann, 39 6 atufl 2 wew n.a. - 5.a. 2568 | 101

9137991 2 uansArAuansTesnsrualitssaalussuuaa T
f9sanAInszuaads (Mean) ﬁauﬁmwummgm (Std) ﬂ"}gqqm (Max) wazan
am (Min) w21 anszuatadoegluyig ~2.12-7.38A Tagwlafidanunisgegad
ARABUSTN 7.38A AauDenuuInIgIugaanegil ~579A axnaulisanuiiy
uradlvanluy1awIIIa ﬁwqqqmammmﬁqswiwLWa (Max) gafia ~17.9A B
wansdsnnglvanluaunalusasdia asan (Min) Inague (~0.01A) USUBNINUN
Yranafilnanaunaifovauy sl nadwsdsudufeniaiia Phase Unbalance
Tussuu Gaaennassiunualuuvesivaslurianardidfanssugaaznislyay

gunsauduinntumaien

Summary Statistics of Current in Three Phases
17.90 17.80

H Mean
Std Dev

- Max

. Min

15.0

H
=)
5

Current (A)

~
n
L

578 5.79
5.0 4

2.54

0.0 -

Phase A Phase B Phase C

AN 4 NM5USEUTREUADATINTSAUUIVDIANNANNSELE b sz aaluss Uy
T 3 i

1wl 4 uansadfiFanssauvesnnuannszualinissnaa 3 A
laun A AB A21MA1938WI13 Phase A uay Phase B A BC A211A1938W1719
Phase B ttag Phase C A_CA A71UAT93ENIN Phase C Uz Phase A mﬂﬁﬂjazﬁa
Wanua 151 Y 0 WUI1 ALaE 8 (Mean) A AB= 7.38A, A BC= 5.78A,
A_CA = 2.12A Flmidiua Phase A uag B fanunsnszuaniniiaalagiade

a"auﬂ'%ﬁ'mwummgm (Std) A AB=4.72A, A BC= 579 A, A CA= 2.83A
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A_BCiauudsuiugean vavenfeadluiuueulunisiulnanves Phase B
way C A1geEn (Max) uazasngn (Min) A ABgedm = 17.9A, ¢am = 0.1A A CA

'
[

sgaanniian = 0.01A vsuanluuagianat wia C uay A Tlvanlnaissiuinn
ulnesruuamdadaraluauna agula19InTeyanyI ANLATINTLUATINNG
waildnwarluauga lnslamy A_AB Aiflamnumuedsuargegauiniian uang
fedymanuluaunavestnanluszuu 3 wa Fse19amaneUszdnsnmyesszuy
lulvin anuseuazay wazergnislynuvesgUnsailuszeren msfinisnsiaaey
wazuImsdansivanssymasaosnanzaufioanaunenszuaimand

4.3 M3n5733uAANUNR (Anomaly Detection) anmslunaia Isolation
Forest lun1smsraaoua@nuniveata B (Fuduaiiiuuiluslnangsfinund)
wuandl 17 Fu Ainsaanuaiaund Gesanfetudl 10-13 fure wa. 2568 fianlvan
wia B 13g9fia 36.0A fauanslunnssil 3

a1579ft 3 awAnUnEluwa B (Anomaly Detection Summary: Phase B)

Average | Average | Average
Gl Fudl Current | Current | Current NUYLNR)
(B) (A) (@)
1 |2024-12-11 | 21.2A 10.8 A 10.7A | AngeiiaunArasnanafion
2 | 2020-12-23 | 185A 9.7 A 96A | mgnneiadeinly
3| 2025-01-02 | 145A | T70A 81A | avwiaundvismudlu
4 | 2025-01-08 | 19.0A 102 A 121A | enufieunfluduamii 2
5 2025-01-17 | 191A | 89A | 103A | Inengeiania
6 | 2025-01-29 | 195A 9.0 A 11.3A | nangewisUansiioy
7 | 2025-0-05 | 2138A | 1199A | 1219A | A spike wsoufuynivia
8 | 2025-02-10 | 17.58 A 7.42 A 9.67 A | AmuRAUNATEAUNATN
9 |2025:02-17 | 1992A | 818A | 1310A | nszuawa C wauiu
10 | 2025-0225 | 2377A | 941A | 1232A | 9agsaaveaiiiou nw. 2568
11 |2025-03-03 | 206A | 9.0A 137 A | Gudtungfnssunady
12 | 2025:0306 | 226A | 142A | 124A |Inangswseudunniva
13 | 20250310 | 268A | 145A | 182A |qa3uvisgeaninund
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14 | 2025-03-11 | 29.8 A 14.6 A 229A | mgainunieenstaiau
15 | 2025-03-12 | 36.0 A 201 A 261A | Igeanveaila B

3

€

16 | 2025-03-13 28.9 A 14.5 A 175 A &Jnmgqmmm
17 ] 2025-03-24 | 279A 14.6 A 176 A | SsgsinunAvisUaneifiou

Daily Average Current of Phase A, B, and C (Dec 2024 - Apr 2025)

Phase A
I —— Phase B
( —— Phase C
Anomaly in Phase B

<) w w
v =] [

N
o

f\ fl
\ £l \
v MHJ"\'
I
e

Average Current (A)
-
w

—
=)

\Hu"\lw “I ‘I “"‘V\I“ ‘ ‘H\‘ ‘ & \ if i ‘ IV\‘I
! W :I ‘Hu’r ‘r.ﬂ\‘ N Jl ‘I U I‘I..Jl"u"ﬁ"f\ ‘\:‘I i‘l
tk\?\ hﬂ \7 \z\ J \Jl’

°> ":
) v
A o

wn

Date

AN 5 115R5193UARAUNATRINS ekl lua B Tagluwmaila Isolation

Forest 9MNvayanseiaade ey (FuiAu w.e. 2567 - lW¥gu W.A. 2568)

NAMNTA 5 91NN15ATIUARAUNAVBINTEka bW luwa B Tneluwaila

Isolation Forest 91nvayalad g s1eduluyie SUIAL W.A. 2567 - lWBI8U WA,

[ 7
a

2568 wuria B fimnseuaraunfsiunisdy 17 Ju lneyinidaunddaiaungane

[y

Fuil 10-13 Turay wa. 2568 Fadnszualiingsda 36.0A (12 Tureu w.e. 2568)

INANRRETITEUUToYNUTEIIM 13.5A neRnTIuainaasneuds nana B

e

=)

asfinund deanadamnainanwluaunaszminasa nslseuianinge
WANTIULVaALaNIZA9 sudunesinauuaziinsiziaiui oUsatuaing
Fomeuanifiuszansnmmslandailussuy

4.4 n3FnnqungAnssulnannie K-Means Clustering 15l maile

K-Means Clustering (k = 3) ¥iilvanunsaduunulyauliwiesnidu 3 nau
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A15197 4 HAN15IANQUALY K-Means (3 Ngu)

nqu Phase A (mean) | Phase B (mean) | Phase C (mean)
Cluster 0 3.2 7.1 4.0
Cluster 1 9.8 19.3 11.6
Cluster 2 54 13.7 7.8

K-Means Clustering of Load Behavior: Mean Current per Phase
19.3

NN Phase A
BN Phase B
175 EEN Phase €

Mean Current (A}

Cluster 0

Cluster 1
Clusters

Cluster 2

A il 6 nsilssuiiisunseualnadsluinazmlaniunaundamesvoamgAinssy
Tnanlvinn

10N 6 LLammﬁmmzﬁL%méu (Clustering Analysis) mawywﬁ
nszualin 3 wila (Phase A, Phase B uag Phase C) Imuﬁwqﬁﬂﬁmiwamlw%
oonuu 3 nqu Ae Cluster 0, Cluster 1 ua Cluster 2 nvayaiilavhnsdnnau
(19 K-Means e GMM) Tneiianseuaedsluunaziasil Cluster 0 Phase A =
3.2A, Phase B = 7.1A ilay Phase C = 4.0A ﬂﬁimiwaﬂﬁ’ﬂ (Low Load Group) L@n3
Sevasaniienmslandaus Cluster 1 Phase A = 9.8A, Phase B = 19.3A wax
Phase C = 11.6A naultanga (High Load Group) uansisrnanadisinslaluivings
WU 1avinsUnansevandaSeu Cluster 2 Phase A = 5.4A, Phase B = 13.7A

uay Phase C = 7.8A naulvanU1unats (Moderate Load Group) UdUBN{d
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yaaaiiinislandsndlusedunans aguna Cluster 1 Sanseuandogagelunn
e Tngiamy Phase B fifinszuatadogeis 19.3A asnounginssumslaivanuuy
luauna Feenvamanodamaaie wu Arwsoudzay augydendsay
wazongmslanuresgunsailiein Fsersfiunmsnis vimsdanisivanseynaa
og9ANna ialfimaiosnmuessvuy uaglynsdangunginssulnaaiduuuinig
Tumsnauwunsinnswdsnuessnanyaan

4.5 MshAsignuualunLarqenia (STL Decomposition) 39NN1T4EN

p9aUsznaUNTEavauna B lagly STL Decomposition lanasiail

STL Decompaosition of Phase B Average Current (Dec 2024 - Apr 2025}

202412 2025-01 202502 2025-03 2025-04 2025-05

20

21
g
g

10

5

202412 2025-01 202502 2025-03 2025-04 2025-05

202412 2025-01 202502 202503 202504 202505

Residual
e

M A ¥ Selnea S e P S s Sty L o
o R g . "ug . .

i S e

2024-12 2025-01 2025-02 2025-03 2025-04 2025-05

ATWA 7 NTuenesnUsenaudy e unieis STL vesnszualiiad oua B

(SUNAU W.A. 2567 — LUWI8U W.A. 2568)

NNIMEUAAINANTIATIETUUY STL (Seasonal-Trend decomposition
using LOESS) dwidunseualniadely Phase B 91nvoyasiotu duun 1 Sunau
WA, 2567 §9 30 Wweu WA, 2568 Inauendyaimeenidy 3 @i laun Trend
(wwalug) wwnluudmsiudunediewwunnuiousunnn (~7.0) Tdaudeas
nanaieuiiunay (~21.54) neusrvanatdnuesluieuwwe (~14.00) dxneu
ngfnssulviandigeluesnsnaiiesmasnyrenud ervduiusiuradaiounie

- 42 ¥ - ¥ v e
Aanssuiiindulue1ms Seasonal (gunia) dsUnvugnduseduam lnsaiuniu
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oglursUszanm -5 89 +5A vsuendanninssunislalwviriiaennaesiufanssy
71 9 U nsleumu iy Funi-ans) waranaswasiungagaddann
Residual (mufiaunf) finfaunfeudarmuiouiivaudinaraieuduiau §q
A DosiunueTuiy £5A azﬁauLmmaaﬂmwwﬁw’%ammﬁmﬂﬂmumﬂ%
Tnan wu nslynuaisssnsvuelng sisessuusyueauseurhauinUnily
Phase B a5UnaL931As129 Phase B fuualunnislondasudivd unaonyas
5 1AauLkINYead Imaﬁv‘igmmiuymzazmLLazwqﬁﬂiiuqqmaaéwﬁ’mLf\]u
auiaund (Residual) aunsalyiduiansassunginssuiwvanldannund
Famurzunnisiweyad iyl n1swensailnanlia (Load Forecasting)
A1TIHUIANITNAIIUDIRTEL (Smart Energy Management) MIATIZILaY

WoususzuulraninaUnAlus1Asseu

5. @3Unan1sidY
miteiflainauenseumsiinssiuarnensallnanlnrisyuvanuialy
amsideu Tnglunaia Machine Learning inaurauwwafn Quantum-Inspired
i"JaJﬁJU STL Decomposition, K-Means Clustering ki Anomaly Detection 1ag
Auvoyanszualninaiad iy 151 Yu (Funau wa. 2567 - lwwiey w. 2568)
NAN1T3ATIZANUI Phase B fiAnszuadogeaaiuszanal 13.40A 1aiedi Phase
A wae Phase C A ady 6.02A way 7.62A mud1fu a1 Phase Imbalance 5291119
Phase A uaw Phase B lafinagdl 7.38A laufin1gaaniis 17.9A msiiasiznaay
decomposition WWekualuunN15IA 1T wves Phase B 910 7.0A lutieuguanny
W..2567 +0u 21.5A Tuiiteufiunau 2568 Armandeaunwuy Residual My +5A
Qnwuvatends ngusd dennielnangegadoundy nansaduaifauniaae
Z-Score W@y Isolation Forest wu 17 3a anomaly I@Sﬁmq\‘iqmagﬁ 36.0A lufudl
12 fune W, 2568 Madanquueyanis K-Means (k=3) uwudluanlnioonidu 3

nqu laun aas (~7.14), nanuiunans (~13.74) uazlvangs (~19.3A) wa
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MsAnedatusatnlulvion15119N LAz US TSI NI TNE U UBIASIS B URYNY

fUszansanmely

6. aaAUT1ENa

n15AN¥INUI1 Phase B inglvanluaunagsnaivnula (75-78%) 31819
Annnsideunegunsnilyndinugs wwu infesUivermavioindasdinslula
weamnauly aamﬂgaQﬁULLmMNﬁizq'jwLﬁ'ammhiauﬂatﬁu 2-3% 92459015
L?{auamwmaqqﬂﬂiﬂju,amﬁumm;amawamai‘ (Patel et al., 2025; Lin et al.,
2025) wwaluunisiiad uvesinanlu Phase B (910 7.0A &1 21.5A n3 ot udy
207%) #insranulae STL decomposition avneuienislsauiiulsiuauianssa
e‘ﬁqaamﬂgaﬁumu%’aﬁ%y’iwwqﬁﬂiiuiwamiummﬁauﬁmmﬁumauqq (Han et
al., 2023; Ji et al., 2023) A15ASI9NU Anomaly #9890 36A 819113910 Inrush
Current mamaLmas‘ﬁamﬂsgqﬂﬂmjw;auﬁ’u winluudmsdanisenansliin
Overheating wazduns1emasvuulaafy §denna oetunwIniei duonisly
Anomaly Detection I8¢ Load Forecasting \eanaudes (Ahmed et al., 2023;
Lin et al., 2025; El Khantach et al., 2019) mif’ﬁjﬂﬂaqlmmy’w K-Means Clustering
LLamIﬁJLﬁummLLmnm'wumgULLUUIMamaéwﬁ’mau ﬁaaaﬁ’uagumsmumu
Demand Response AukUINIG Smart Grid kag 1SO 50001 Lﬁa“u%'uauﬂaiwam
Lazan Peak Load (Ji et al., 2023; El Khantach et al., 2019; Zhou et al., 2021)
yorausuuzluswAnms NS U wanaey GRIVRI ALTL) WAENEANTTU
tzﬁsgam i1 AN luAa Deep Learning (wu LSTM, GRU) Wilongnnsailnan

SLULYNILALATINTUANUAAUNR b8 U (Farsi et al., 2021; Jiang et al,,

2024; Zhang et al., 2021)



108 | MsanTimnssumansuazvaluladgnamnssuuiuan, 39 6 atud 2 Wew n.a. - 5.0, 2568

7. 1@Na1581994

Ahmed, A., Awan, A., Shah, S., & Hussain, S. (2023). Load forecasting with
machine learning and deep learning methods. Applied Sciences,
13(13), 7933. doi:10.3390/app13137933

El Khantach, A., Hamlich, M., & Belbounaguia, N. (2019). Short-term load
forecasting using machine learning and periodicity decomposition.
AIMS Energy, 7(3), 382-394. doi:10.3934/energy.2019.3.382

Farsi, B., Amayri, M., Bouguila, N., & Eicker, U. (2021). On short-term load
forecasting using machine learning techniques and a novel parallel
deep LSTM-CNN approach. /EEE Access, 9, 31191-31202.
doi:10.1109/ACCESS.2021.3060705

Ji, X., Huang, H., Chen, D., Yin, K,, Zuo, Y., Chen, Z., & Bai, R. (2023). A hybrid
residential short-term load forecasting method using attention
mechanism and deep learning. Buildings, 13(1), 72.
doi:10.3390/buildings13010072

Jiang, Y., Liu, Q., & Li, X. (2024). A data decomposition and attention
mechanism-based hybrid approach for load forecasting. Complex &
Intelligent Systems, 10, 1379-1394. doi:10.1007/s40747-023-01995-1

Lin, Y., Zhang, Z., & Wang, P. (2025). Forecasting very short-term power load
with hybrid interpretable models.  Engineering Applications of
Artificial Intelligence, 135, 106746.doi:10.1016/j.engappai.2025.106746

Patel, H., Mehta, P., & Kumar, V. (2025). Application of machine learning with
gradient descent method for FF- DNN- based short- term load
forecasting.  Journal of Electrical Systems and Information
Technology, 12(1), 46. doi:10.1186/543067-025-00246-5

Xiong, T., Li, C., & Bao, Y. (2018). Forecasting model combining STL

decomposition and extreme learning machine for time series



MsaTimnssumansuazvaluladgaamnssuuiuann, 39 6 atudl 2 e n.a. - 5.A. 2568 | 109

prediction. Neurocomputing, 277, 483-494.
doi:10.1016/j.neucom.2017.11.053

Zhang, J., Wang, J., & Li, X. (2021). ES-dRNN: A hybrid exponential smoothing
and dilated recurrent neural network model for short-term load
forecasting ( arXiv preprint arXiv: 2112. 02663) . Retrieved from
https://arxiv.org/abs/2112.02663

Zhou, H., Li T., & Peng, H. (2021). Non-intrusive load decomposition based on

CNN-LSTM hybrid deep learning model. Energy Reports, 7, 5762-
5771. doi:10.1016/j.egyr.2021.09.044


https://arxiv.org/abs/2112.02663

110 | Msansimnssuemansuazwaluladgnamnssuuiuann, 39 6 atud 2 iew n.a. - 5.a. 2568

nsaseildgunnuuastminuanty : nadifnen
YUBUUIUAUDI LY
Supply Chain Analysis of Fish-Flavored Chili Paste: A Case
Study of Ban Nong No Community

F87Ie wn?, Tunivn 515652, $U01 weeY® uay ad gasn”
Wilawan Namak!, Nanticha Tharasi?, Ratchada Taengphukieo® and

Savalee Uttra®

1228 gnyyimnssuladainawazmaluladuuas angdmnssumansuazmalulaggnavngsy

wﬁwmé’sjmwaua:
1224 Department of Logistics Engineering and Transportation Technology, Faculty of
Engineering and Industrial Technology, Kalasin University

“Corresponding author email: Savalee.ut@ksu.ac.th

Received 08 Jul 2025 Revised 31 Oct 2025 Accepted 04 Nov 2025

UNANED

A15398U4

[y

nUszase (1) efnwuaziiesenlaguniuimindaidy (2) e
’QJLﬂi?%ﬁﬂﬁﬂuﬁmﬁuénﬂﬁﬁ]ﬂiiw’;’]uiaﬁﬁaﬂéLLaziﬁ?JIQUVHuﬁuax‘ilf’]W%ﬂ‘Ua’]“LJIu uag (3)
Lﬁaimmsﬁuwaﬁ’waaqgﬁq5@'1397%1314@114114162@%114 (SCOR Model) ﬂ?iiJLJWMEJWEJ
Tunsfnwife Jamiagusuuiumueddy suaiiiu sunemeidin fmianmidug
mMafunuTueyanusdunealddnuarnnauiy MslesEnIsuuIAnlY
291U mﬂﬁ?ﬁmezﬁmmé’uﬁuﬂuﬁqﬂﬁaﬂiiuﬁwﬂa?}aaﬂé 13 ANTsu uarATIE
wuusiansensdantsrniunululyguniu vio SCOR Model nan13Anw MU
wanSuningnuaugusuuunuedly annsaasnsleguniule 1 lodun
nszUUNTTAMINgAY Makan MIdaiu wegmnszatsduntsudsiioguilan
Mnduiinneiarudiiusianssuniuladafnduaslegunuasusis 13 Aanssu B
nugmIAe NIINBINTAIAINADING NIAIUANALAIAIART LAgNITTANIT

AATAUA1 naulawiaguruUIrUBdludlunsialuduUszanSawdowinazudn



MsaTimnssueansiavwalulaggaamnssuuiuanna, 39 6 aludl 2 e n.a. - 5.A. 2568 | 111

mmﬁﬂﬁbﬁ‘ﬁ,@%a\i@]ﬂgﬂmﬂgu wafilaaInn1stuuus1aes SCOR Model 1n3iasen
WU YIANNTINUHLNITHAR Uisiaﬁnﬂﬁ"lﬁ%Wﬂmamﬁa‘fsﬂ,hygﬂﬁ’]Lauaiﬁyﬁmejmm%ﬂ
Tunguiamiayueuniuuedy asveudyminululgumuuaslaauouuylnngu
l9¥N19919UKUN1SHERBELTUTEUU 811N50ABUALDIAINABINITYBIGNA LAz

awdussuuanniule

AdAey : legunu, dnsnuaily, wuudnassenedsmsatiuaululaguniuy



112 | Msansimnssueansuazwaluladgnamnssuuiuania, 39 6 adud 2 iew n.a. - 5.n. 2568

Abstract

This research aimed to: (1) study and analyze the supply chain of Fish-
Flavored Chili Paste; (2) examine the relationships among all logistics and supply
chain activities; and (3) analyze the Supply Chain Operations Reference (SCOR)
model. The target group of this study was the Ban Nong No Community
Enterprise, located in Huahin Subdistrict, Huai Mek District, Kalasin Province. Data
were collected through in-depth interviews and field observations. The analysis
was conducted based on supply chain concepts, including the examination of
thirteen logistics activities and the application of the SCOR model. The results
revealed that the Ban Nong No Community’s Fish-Flavored Chili Paste had a
complete supply chain covering the procurement of raw materials, production,
storage, and distribution to consumers. The analysis of relationships among the
thirteen logistics and supply chain activities identified key problems in demand
forecasting, inventory control, and warehouse management. The community
enterprise operated below optimal efficiency, as production was carried out
only upon customer orders. Moreover, the SCOR model analysis indicated a
lack of production planning. The research findings were presented to the
members of the Ban Nong No Community Enterprise to reflect the existing
problems within the supply chain. Recommendations were proposed for
systematic production planning to enhance responsiveness to customer

demand and improve operational efficiency in the community enterprise.

Keywords : Supply Chain, Fish-Flavored Chili Paste, SCOR Model
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Abstract

This study was an action research, aiming to improve the production
process of silk-thread products for the Ban Wang Hin Women’s Community
Enterprise Group, Ban Tao Subdistrict, Ban Thaen District, Chaiyaphum
Province, by applying the Kaizen concept. Data were gathered from seven key
informants, including the community enterprise’ s leader and supervisors of
each production subprocess. The research was conducted in seven stages:
problem identification, current situation analysis, root cause analysis, solution
development, planning and implementation, evaluation, and standardization.
The study results identified three major problems in silk-thread production:
high mortality of silkworm larvae, presence of cocoon remnants in silk threads
during reeling, and uneven color absorption during the dyeing process.
Problem solving was carried out in five approaches: draining water from the
winnowing baskets, covering with cloth to prevent insects, addition of silk filter
beam, silk-thread massage, and dye temperature control. After implementing
these approaches, the resulting improvements clearly demonstrated
enhanced process quality and efficiency as follows: percentage of cocoon
yield loss decreased by 2.88 %; average number of times the silk thread
getting tangled during reeling decreased by 3.3 times per hour; and percentage
of perfectly dyed skeins of thread increased by 16. 67% . The study
recommended embedding the Kaizen concept based on participation into the
enterprise’ s operational culture, using the improved process as a standard
practice for the community, further developing the process through additional
quality improvement cycles, and extending the improvement approach to

other processes or communities.

Keywords : Kaizen, Silk thread, Community enterprise, Process improvement
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