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Abstract

This study aims to identify and extract the key factors influencing students’ enrollment decisions
in higher education by adopting a data-driven analytical approach. Principal Component Analysis (PCA)
was employed within the CRISP-DM framework to systematically analyze quantitative data collected from
571 prospective students across three provinces in Thailand. The survey instrument comprised 45
observed variables. Data suitability tests indicated strong adequacy for factor analysis, with a Kaiser-
Meyer-Olkin (KMO) value of 0.963 and a statistically significant Bartlett’s Test of Sphericity. The PCA
results, using Varimax rotation, revealed five latent components shaping enrollment decisions: financial
readiness, institutional support and safety, student identity formation, technological and curriculum
relevance, and peer guidance. The findings demonstrate that enrollment decision-making is
multidimensional and hierarchical, extending beyond academic reputation to include economic,
psychosocial, and experiential considerations. Academically, this study contributes by integrating PCA with
educational data mining to provide a structured interpretation of student choice behavior. Practically, the
results offer evidence-based insights to support curriculum development, targeted communication

strategies, and enrollment policy design in higher education institutions.
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1. Introduction

Over the past decade, higher education institutions worldwide have faced increasingly intense
competition for student enrollment, driven by demographic decline, reduced birth rates, and the rapid
expansion of alternative learning pathways such as online education and lifelong learning models. These
structural changes have reshaped how prospective students evaluate educational opportunities, making
enrollment decisions more complex and multifaceted than in previous generations (Marginson, 2016;
OECD, 2021). Rather than relying solely on institutional reputation or anticipated employment outcomes,
students now consider a wider range of factors, including financial circumstances, perceived educational
value, personal aspirations, and alignment between institutional offerings and individual goals (Hemsley-
Brown & Oplatka, 2016). Moreover, Azzone & Soncin (2020) found that factors driving students' university
choice in Italian higher education institutions included the university's geographical location, regional
employment opportunities, university reputation, and ease of access. This research suggests that decision-
making regarding higher education enrollment has become increasingly complex, involving multiple
interconnected considerations rather than a single determining factor.

In Thailand, the continuing decline in the number of secondary school graduates has intensified
competition among higher education institutions and increased pressure to develop more effective
recruitment and curriculum management strategies. Many universities now use a public relations strategy
that leverages new media and famous people to reach prospective students while developing
international programs aligned with current trends and future labour market needs. (Somyoonsab, 2017).
However, students' enrollment decisions ultimately depend on how well a program and an institution
meet their needs and expectations (Kanjanasamranwong et al,, 2017). As a result, understanding the
factors that shape students’ enrollment decisions has become a strategic priority rather than merely an
academic concern (Daniel, 2015). Although previous studies have identified numerous determinants of
educational choice, many have examined these variables independently or using descriptive approaches,
resulting in fragmented findings and a limited understanding of the underlying decision-making structure.
Moreover, educational decision-making data are often characterized by high dimensionality and
substantial intercorrelations among variables, making it difficult to distinguish the most influential
determinants using conventional analytical techniques (Romero & Ventura, 2020). Similar concerns have
been highlighted in recent factor-analytic studies, which emphasize that students’ educational choices
emerge from the interaction of institutional, economic, social, family, and personal considerations rather
than from isolated factors alone (Lee et al., 2026). Consequently, there is a growing need for analytical
approaches capable of identifying latent structures that can explain how these factors collectively
influence enrollment behavior.

To address this challenge, the present study employs Principal Component Analysis (PCA) within a
structured data-analytic framework to identify and consolidate the principal factors influencing students’
decisions to enroll in a Bachelor of Business Administration program. PCA is particularly suitable for
reducing large sets of interrelated variables to a smaller number of interpretable components while
preserving substantial information from the original dataset (Jolliffe & Cadima, 2016). By uncovering the
latent structure underlying enrollment decisions, this study contributes to a deeper understanding of
student choice behavior and provides evidence that can support institutional planning and decision-
making. The findings are expected to inform curriculum development, student recruitment strategies, and

targeted communication initiatives, thereby supporting more effective enrollment management and
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enhancing institutional competitiveness in an increasingly challenging higher education environment
(Daniel, 2015; Romero & Ventura, 2020).

2. Research Objectives
The objectives of this study are threefold:

1. To identify the principal components that influence students’ decisions to enroll in a
Bachelor of Business Administration program.

2. To classify and reduce the dimensionality of enrollment decision factors with statistical
significance.

3. To apply data-driven analytical results to the development of targeted communication
strategies aligned with students’ needs.

3. Literature Review

Recent scholarship on higher education enrollment decisions increasingly conceptualizes student
choice as a multidimensional and context-dependent process shaped by economic, psychosocial, and
institutional factors. While earlier studies predominantly emphasized institutional reputation and
employability outcomes, contemporary research demonstrates a shift toward more complex evaluative
frameworks incorporating perceived value, student-institution fit, and experiential considerations
(Hemsley-Brown & Oplatka, 2016). However, despite this conceptual advancement, empirical studies
remain fragmented, often lacking integrative analytical approaches that capture underlying decision
structures.

A recurring concern in the literature is that enrollment-related variables are often examined in
isolation, resulting in a limited understanding of how economic, social, institutional, and personal
influences interact within a broader decision-making framework. Although factor-based approaches have
been increasingly adopted to classify related variables, many studies focus primarily on identifying groups
of factors without adequately explaining the latent structure that connects them (Lee et al., 2026).
Furthermore, the high dimensionality and intercorrelation of educational decision data pose
methodological challenges that cannot be adequately addressed by conventional descriptive analyses
alone (Romero & Ventura, 2020). These limitations suggest a need for analytical techniques that reduce
complexity while preserving meaningful relationships among variables. Consequently, approaches such
as Principal Component Analysis (PCA) offer a valuable means of uncovering interpretable latent
structures that can support both theoretical understanding and evidence-based decision making in higher
education contexts (Jolliffe & Cadima, 2016).

3.1 Changing Landscape of Higher Education Enrollment Decisions

The environment surrounding higher education enrollment has changed considerably over the last
decade. Demographic decline, lower birth rates, and the expansion of alternative educational pathways
have increased competition among institutions and diversified students’ expectations (Marginson, 2016;
OECD, 2021). Earlier studies frequently portrayed enrollment decisions as rational choices based primarily
on academic reputation or future employment opportunities. More recent evidence, however, suggests
that students evaluate educational options based on a broader set of considerations, including
affordability, institutional support, personal development opportunities, and perceived compatibility with
their future aspirations (Hemsley-Brown & Oplatka, 2016). These findings indicate that enrollment
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decisions are increasingly shaped by multiple interconnected influences rather than by a single dominant
factor, highlighting the need for analytical approaches capable of capturing complex decision structures.
3.2 Student Choice Theory and Hierarchical Decision-Making

Student Choice Theory, particularly the three-stage model proposed by Hossler & Gallagher (1987),
remains a foundational framework for understanding enrollment behavior. Empirical evidence
consistently supports the role of financial feasibility and accessibility as primary filters in early decision
stages (Hossler et al., 2009). However, more recent studies challenge the linearity of this model, arguing
that decision-making processes are increasingly iterative and influenced by dynamic interactions among
institutional, social, and psychological factors (Paulsen, 2001). This suggests that while Student Choice
Theory provides a useful structural lens, it may oversimplify the complexity of contemporary enrollment
behavior, particularly in data-rich environments where multiple factors interact simultaneously.
3.3 Maslow’s Hierarchy of Needs in Educational Decision Contexts

Maslow’s Hierarchy of Needs offers a complementary explanatory framework by situating
enrollment decisions within a layered motivational structure (Maslow, 1943). Empirical studies in higher
education consistently demonstrate that financial stability and safety function as foundational conditions,
while higher-order motivations such as belonging, esteem, and self-actualization influence later-stage
decision preferences (Kuh et al., 2010). However, the application of Maslow’s framework in educational
research remains largely interpretive rather than empirically validated. While some studies have observed
variables with hierarchical needs, few systematically test these relationships using structured multivariate
techniques. This highligshts a gap between theoretical interpretation and empirical validation.
3.4 Data Mining and Factor-Based Approaches in Enrollment Research

To address the complexity of enrollment decision-making, recent research has increasingly
employed data mining and multivariate statistical techniques to uncover latent patterns in high-
dimensional datasets (Romero & Ventura, 2020). Principal Component Analysis (PCA) has been widely
used for dimensionality reduction and to enhance interpretability (Jolliffe & Cadima, 2016). While factor-
based studies in the Thai context consistently identify economic, institutional, and social clusters
(Santisirikul et al., 2023; Lertsahapan & Serttasangsri, 2020), most applications remain descriptive, focusing
on variable grouping without linking findings to theoretical frameworks or strategic implications.
Furthermore, few studies integrate these techniques within structured analytical processes such as CRISP-
DM, limiting methodological transparency and reproducibility.
3.5 Mapping Prior Literature to the Five Extracted Components

Synthesizing prior research reveals both convergence and divergence across key dimensions.
Financial readiness is consistently identified as a foundational determinant, aligning with both economic
models and Maslow’s lower-order needs. Institutional support and safety emerge as increasingly salient
factors, reflecting a shift toward student well-being and trust-based decision-making. In contrast, identity
formation and experiential engagement represent evolving dimensions that extend beyond traditional
academic considerations, indicating a transition toward self-development-oriented motivations.
Technological relevance and curriculum modermity further reinforce the importance of future-oriented
competencies, while peer influence highlights the role of social networks in reducing uncertainty. Despite
these consistencies, prior studies often treat these factors independently, lacking a unified structural
representation.
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3.6 Methodological Contribution: PCA within the CRISP-DM Framework

A critical limitation in existing research lies in the absence of integrated analytical frameworks that
combine statistical rigor with practical applicability. While PCA and EFA are widely used, they are often
applied in isolation rather than embedded in systematic data-mining processes. By incorporating PCA
within the CRISP-DM framework, this study enhances methodological robustness, ensuring a structured
progression from data understanding to model evaluation (Provost & Fawcett, 2013; Chaisoong & Tirakoat,
2020). This integration enables not only dimensionality reduction but also the translation of analytical
findings into actionable insights.
3.7 Synthesis and Research Gap

In summary, prior literature confirms that enrollment decisions are multidimensional and
influenced by interconnected economic, psychosocial, and institutional factors. However, three key gaps
remain evident: (1) limited integration of theoretical frameworks such as Student Choice Theory and
Maslow’s Hierarchy with empirical analysis, (2) insufficient use of structured data-analytic methods to
reduce dimensionality and reveal latent decision structures, and (3) a lack of translation from statistical
findings to strategic and policy-oriented applications. Addressing these gaps, the present study aims to
systematically identify and consolidate key factors in enrollment decisions using PCA within a structured
analytical framework, thereby bridging theoretical interpretation and practical decision support in higher
education.

4. Conceptual Framework
This research framework integrates theoretical perspectives with data-driven analytics to

systematically explain students’ enrollment decision-making processes. (see Figure 1).

Enrollment Decisions

Maslow’s Student
Hierarchy Choice
L= of Needs Theory -

Z - Components of This Stud_y <

Financial P Institutional &
Readiness Psychological Safety

Money Matters Safe Mind, Safe Future

- - > Mappmg Literature <

&\ Data Collection I PCA @ Results
a= | & Preparation & Analysis Interpretation

\ CRISP-DM Framework

Peer Networks
& Social Guidance

Technological :‘ﬂ.

& Curriculumg
Tech-Forward

Lenrmng

Seniors Guide You

Build Identity

Strategic
Insights &
\ Policy

Recommendations

Figure 1. Research Framework
Note: Developed by the Authors and Graphic designed by ChatGPT
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From Figure 1, it draws on Maslow’s Hierarchy of Needs and Student Choice Theory to
conceptualize the hierarchical structure of motivations and decision behaviors. Empirical data are
processed within the CRISP-DM framework, encompassing data preparation, Principal Component Analysis
(PCA) for analysis, and strategic interpretation of results. The factor extraction yields five core components:
financial readiness; institutional safety and support; student identity formation; curriculum and
technological modernity; and the role of student networks. Collectively, this framework establishes a
coherent link between statistical evidence and higher education policy formulation, enabling institutions
to translate analytical insights into strategic management actions in a rigorous, academically verifiable

manner.

5. Research Methodology

5.1 Research Design

This study employs a quantitative, data-driven research design to identify and consolidate key
factors influencing students’ enrollment decisions in a Bachelor of Business Administration program. While
the study follows the CRISP-DM (Cross-Industry Standard Process for Data Mining) framework to ensure a
systematic and replicable workflow—covering business understanding, data preparation, modeling, and
evaluation—the core analytical technique is Principal Component Analysis (PCA), a multivariate statistical
method appropriate for high-dimensional, intercorrelated educational data. In this context, CRISP-DM
serves as a procedural framework, whereas PCA is used for dimensionality reduction and structural

summarization rather than predictive data mining.

5.2 Population and Sample

The population comprised prospective students and individuals with the potential to apply for a
Bachelor of Business Administration program within the study area. Data were collected via an online
questionnaire (Google Forms) using purposive sampling to ensure alignment with the research objectives.
A total of 571 valid responses were obtained from three provinces—Buriram, Surin, and Sisaket—
representing the primary recruitment region of Rajamangala University of Technology Isan, Surin Campus.

The sample size meets established guidelines for factor/component analysis, which recommend
at least 5-10 respondents per observed variable. With 45 observed variables, the achieved sample
exceeds the minimum requirement, supporting stable component extraction and reliable estimation.
5.3 Research Instrument and Variables

Data were collected using a structured questionnaire developed from a comprehensive literature
review on higher education enrollment behavior, educational marketing, Student Choice Theory, and
Maslow’s Hierarchy of Needs. The instrument employed a five-point Likert scale and included 45
observed variables (see Table 1.). To support international readability, the English version of all
questionnaire items is provided alongside the original Thai items in Appendix A (and/or Bilingual Labels
within Table 1.).

Content validity was assessed using the Index of ltem-Objective Congruence (I0C) by three subject-
matter experts, yielding values between 0.70 and 1.00, indicating strong aligcnment between items and

constructs. The instrument was pilot-tested for clarity and consistency prior to full deployment.
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Table 1. Question Items and Factor

No. Question Items Factor
1 Does your family have sufficient financial stability? phy1

2 Does your family have enough savings for higher education expenses? phy?2

3 Does your family income adequately support your education? phy3

4 Are educational expenses manageable for you? phyd

5 Do you receive sufficient financial support? phy5

6 Are tuition fees reasonable and affordable? phy6

7 Are transportation costs manageable? phy7

8 Is the institution located in a safe area? safety8
9 Is the campus environment safe for students? safety9
10 Are there adequate security systems in the institution? safety10
11 Are academic support services sufficient? safetyll
12 Do you receive recommendations from teachers? sociall2
13 Do your parents support your educational choices? sociall3
14 Do your peers influence your decision? sociall4
15 Are there activities that promote student interaction? sociall5
16 Do alumni influence your decision? sociall6
17 Is the program curriculum attractive? esteem17
18 Is the institution well recognized? esteem18
19 Do program rankings influence your decision? esteem19
20 Does the institution offer diverse learning experiences? esteem20
21 Does the institution have a good reputation? esteem21
22 Does the curriculum align with current technology trends? self22
23 Does the program enhance problem-solving skills? self23
24 Does the institution support career opportunities? self24
25 Does the curriculum align with labor market needs? self25
26 Are modern technologies integrated into learning? self26
27 Does the program promote innovation and creativity? self27
28 Are learning resources sufficient? self28
29 Are facilities modern and adequate? self29
30  Are learning materials useful and up-to-date? self30
31 Does the institution provide career guidance? self31
32 Are extracurricular activities well organized? self32
33 Is communication between students and staff effective? self33
34 Are students supported in academic development? self34
35  Are learning opportunities diverse? self35
36 Are academic advising services available? self36
37 Are internship opportunities provided? self37
38 Does the institution support new student adaptation? self38
39 Does the curriculum respond to societal needs? self39
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Table 1. Question Items and Factor (Cont.)

No. Question Items Factor
40 Are instructors knowledgeable and competent? selfd0
41 Are collaborative learning activities encouraged? selfd1
42 Are academic consultations accessible? selfd2
43 Are learning resources regularly updated? selfd3
a4 Are student-faculty interactions encouraged? selfdd
a5 Does the institution provide career pathways after graduation? selfas

5.4 Data Collection Procedure

Data were collected online between February and March 2025 to ensure broad and efficient access
to the target population. Prior to analysis, data quality checks were conducted. Responses with substantial
incompleteness or patterned answering (e.g., Straight-Lining) were removed. The remaining dataset was
screened to ensure adequacy for multivariate analysis.

5.5 Data Analysis Techniques

Data analysis followed a structured multi-stage procedure.
5.5.1 Data Preprocessing

1. Missing values: Cases with excessive missingness were excluded; remaining item-level missing
values were minimal and handled using mean imputation due to the ordinal Likert structure and low
missing rate.

2. Outlier detection: Multivariate outliers were examined using Mahalanobis distance (p < .001
Threshold), and influential cases were reviewed and removed where justified.

3. Assumptions and transformation: Variables were inspected for distributional anomalies; although
PCA does not require strict normality, extreme skewness was mitigated where necessary (e.g.,
Winsorization). Variables were standardized (Z-scores) to ensure comparability and to prevent scale
dominance.

5.5.2 Suitability for Component Analysis

The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy and Bartlett’s Test of Sphericity
were applied to evaluate factorability. The KMO statistic assesses the proportion of common variance
among variables relative to partial correlations; values above 0.60 indicate adequacy, with values above
0.90 considered “excellent” (Kaiser, 1974; Hair et al, 2019). Bartlett’s Test assesses whether the
correlation matrix differs significantly from the identity matrix, indicating sufficient intercorrelations for
extraction.

5.5.3 Principal Component Analysis (PCA)

PCA was employed to reduce dimensionality and summarize the variance structure of the dataset
(Jolliffe & Cadima, 2016). Components were retained based on eigenvalues greater than 1. To enhance
interpretability for managerial applications, an orthogonal Varimax rotation was applied, maximizing
variance of loadings within components and minimizing cross-loadings. A loading threshold of > 0.50 was
adopted to indicate meaningful associations between variables and components. The total variance

explained and rotated component matrix were examined to ensure a stable and interpretable solution.
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5.6 Strategic Application of Analytical Results

The extracted components provide empirically srounded dimensions for decision support in higher
education management. Specifically, the results inform (i) targeted communication strategies aligned with
student segments, (i) curriculum development responsive to technological relevance and identity
formation, and (iii) enrollment policy design addressing financial and psychosocial needs. By embedding
PCA within a structured CRISP-DM workflow, the study ensures that statistical findings are translated into

actionable insights, enhancing institutional competitiveness and evidence-based planning.

6. Results

This section presents the empirical findings in alignment with the three research objectives. The
results are reported in a structured, step-by-step manner, with a focus on statistical procedures and
numerical outcomes. Interpretations and theoretical implications are intentionally reserved for the
Discussion section.
6.1 Identification of the Principal Components Influencing Students’ Decisions to Enroll in the
Bachelor of Business Administration Program

To address the first research objective, the dataset's suitability for component extraction was
evaluated prior to analysis. The Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy yielded a value
of 0.963, exceeding the recommended threshold of 0.60 and indicating excellent sampling adequacy.

Bartlett’s Test of Sphericity was statistically significant (X2 = 12,840.517, df = 990, p < .001),
confirming that the correlation matrix significantly differed from an identity matrix.

Additionally, individual Measures of Sampling Adequacy (MSA) for all variables exceeded 0.90,
indicating that all observed variables were suitable for inclusion and no variables required removal.

These results confirm that the dataset satisfies the statistical assumptions required for Principal

Component Analysis and is appropriate for dimensionality reduction (see Table 2.).

Table 2. Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) & Bartlett’s Test of Sphericity
KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 0.963
Bartlett’s Test of Approx. Chi-Square 12840.517

Sphericity df 990

Sig. .000

6.2 Classification and Dimensionality Reduction of Enrollment Decision Factors into Statistically
Significant Components

Principal Component Analysis (PCA) was applied to 45 observed variables to reduce dimensionality
and identify significant factor groupings. Components were retained based on the eigenvalue > 1 criterion,
and Varimax rotation was used to enhance interpretability. A factor loading threshold of > 0.50 was
applied, and variables below this threshold were excluded from the final structure.

The analysis resulted in five principal components comprising 23 retained variables. All retained
variables exhibited loadings ranging from 0.500 to 0.717, indicating strong associations with their respective

components.
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The five components collectively explained 50.549% of the total variance, demonstrating that the
reduced structure preserved a substantial proportion of the dataset’s variability. The first two components
accounted for the largest shares of variance (13.60% and 13.40%), while the remaining components
contributed between 5.80% and 8.90%.

The rotated component matrix revealed a clear structure: Component 1 (7 Variables), Component
2 (8 Variables), Component 3 (4 Variables), Component 4 (2 Variables), and Component 5 (2 Variables).
These findings indicate that high-dimensional enrollment data can be effectively reduced into a smaller

set of statistically meaningful components.

Table 3. Component Loadings Matrix Obtained from the Varimax-Rotated Solution

Component 1 Component 2 Component 3 Component 4 Component 5
self34 (0.651) selfd2 (0.598) phy3 (0.712) esteem17 (0.663) social12 (0.717)
self26 (0.591) esteem?21 (0.557) phyl (0.674) self22 (0.658) safety8 (0.564)
selfd1 (0.561) self28 (0.550) phy2 (0.663)
self33 (0.532) safety10 (0.546) phy4 (0.662)

safety11 (0.513) selfd3 (0.525)
self37 (0.506) social14 (0.515)

esteem19 (0.500)  esteem20 (0.512)

Note. Varimax rotation was applied. Only factor loadings = 0.50 are reported.

Table 3. presents the Varimax-rotated component loadings derived from Principal Component
Analysis (PCA) applied to 45 observed variables. Components were retained based on the eigenvalue-
greater-than-one criterion, and variables with factor loadings below 0.50 were excluded. The final solution
consists of five principal components comprising 23 retained variables, indicating a clear and interpretable
factor structure.

Table 4. Component Statistics and Explained Variance

Component SS Loadings % of Variance Cumulative %
1 6.130 13.6 13.60
2 6.050 13.4 27.10
3 4.000 8.9 36.00
4 3.820 8.5 44.40
5 2.590 58 50.20

Table 4. presents the five principal components were retained based on their eigenvalues,
collectively explaining 50.20% of the total variance. Component 1 accounts for the highest variance at
13.6%, followed closely by Component 2 at 13.4%, indicating their dominant contribution to the model.
Components 3 to 5 contribute moderate proportions of variance, ranging from 5.8% to 8.9%, reflecting
their complementary roles. The cumulative variance increases progressively across components,
demonstrating an effective reduction of dimensionality while preserving a substantial portion of the
dataset’s information.
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Table 5. Kaiser-Meyer-Olkin (KMO) Measure of Sampling Adequacy

Question Item MSA Question Item MSA
phy1l 0.943 Esteem21 0.934
phy3 0.941 self22 0.961
phyd 0.938 self23 0.949
Phy5 0.940 self24 0.931
Phy7 0.931 self37 0.928

safety8 0.933 self38 0.946
Safety9 0.946 selfd0 0.959
sociall2 0.939 selfdl 0.947
sociall4 0.951 selfd2 0.949
esteem16 0.928 selfd3 0.949
esteem17 0.967 selfdq 0.974
esteem19 0.935 selfd5 0973

Overall =0.963

From Table 5., the findings further confirm the robustness of the dataset for PCA. The overall KMO
value remained at 0.963, which is classified as “excellent,” while the individual Measures of Sampling
Adequacy (MSA) for all variables exceeded 0.90. Collectively, these results indicate that all questionnaire

items were of high quality and that no variables required removal from the analysis.

Table 6. Total Variance Explained

Extraction Sums of Rotation Sums of Squared

Initial Eigenvalues

Squared Loadings Loadings
Component

% of Variance

Total % of Variance  Total = % of Variance  Total )
(Cumulative)

1 17.567 39.038 17.567 39.038 6.153 13.674

2 1.564 3.476 1.564 3.476 6.056 27.133

3 1.444 3.210 1.444 3.210 4.051 36.135

a 1.121 2.491 1.121 2.491 3.867 44.728

5 1.050 2.334 1.050 2.334 2.622 50.549

From Table 6., shows that five components with eigenvalues greater than one were retained,
collectively accounting for 50.549% of the total variance. The Extraction Sums of Squared Loadings
confirm that these retained components preserved the same level of explanatory power. After Varimax
rotation, the variance was more evenly distributed across components, thereby enhancing interpretability
while maintaining the overall cumulative explained variance.

Interpretation of Factor Extraction Results found that the extracted components provide a clear,
system-level representation of students’ enrollment decision-making processes were as follows:

Component 1: Build Identity reflects institutional learning experiences and student identity

formation through engagement, interaction, skill development, and institutional attachment.
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Component 2: Safe Mind, Safe Future highlights the importance of psychological support, safety,
recognition, and a caring institutional environment.

Component 3: Money Matters captures financial readiness and affordability as prerequisite
conditions for enrollment decisions.

Component 4: Tech-Forward Learning emphasizes curriculum reputation and technological
relevance as signals of future opportunity and social value.

Component 5: Seniors Guide You underscores the role of peer networks and perceived safety
in reducing uncertainty during the decision process.

Evaluation of PCA and CRISP-DM: The evaluation of the analytical process within the CRISP-DM
framework demonstrates that PCA was appropriately and effectively applied to behavioral educational
data. During the Data Understanding and Data Preparation phases, questionnaire data were systematically
transformed and validated, ensuring readiness for factor extraction. In the Modeling phase, PCA with
Varimax rotation successfully reduced dimensionality while producing a stable and interpretable factor
structure with minimal cross-loadings.

During the Evaluation phase, the extracted components collectively explained students’
enrollment decisions across economic, social, psychological, and institutional dimensions, aligning well
with the study’s objectives and broader higher education policy contexts. These findings confirm that
PCA, when embedded within the CRISP-DM framework, offers not only statistical rigor but also strong
interpretive and strategic value.

6.3 The Data-Driven Analytical Findings Enabled the Development of Targeted Communication
Strategies Tailored to Students' Needs

Regarding the third research objective, the extracted components provide a solid empirical basis
for translating analytical findings into targeted communication strategies aligned with students’ needs.
Each principal component corresponds to a distinct decision dimension that can be directly mapped onto
institutional messaging and policy design. Financial readiness underscores the importance of
communicating affordability, scholarships, and financial support mechanisms, while institutional support
and safety highlight the strategic value of emphasizing student well-being, counseling services, and secure
learning environments. Components related to identity formation and technological relevance suggest
that students increasingly respond to narratives centered on personal development, meaningful
engagement, and future-oriented competencies. Additionally, the role of peer guidance indicates that
student networks and senior mentorship function as effective mechanisms for reducing uncertainty during
the enrollment process. Methodologically, embedding PCA within the CRISP-DM framework ensures that
these insights emerge from a structured, transparent, and reproducible analytical workflow. Consequently,
the findings not only satisfy the third objective but also demonstrate how data-driven analysis can inform

evidence-based communication and enrollment strategies in a competitive higher education context.

7. Conclusion

This study employed a quantitative, data-driven approach to investigate the key factors influencing
students’ enrollment decisions in a Bachelor of Business Administration program. Principal Component
Analysis (PCA) was applied to 45 observed variables to perform dimensionality reduction and identify
underlying factor structures. Components were retained based on the eigenvalue-greater-than-one

criterion, and variables with factor loadings below 0.50 were excluded from the analysis. As a result, five
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principal components were extracted, comprising a total of 23 retained variables. The dataset was
confirmed to be highly suitable for analysis (KMO = 0.963, p < .001), and the extracted components
collectively explained 50.549% of the total variance.

The findings demonstrate that enrollment decisions can be represented through a structured set
of interrelated factors derived from high-dimensional data. The components are presented according to
their relative contribution to explained variance, with the first two components accounting for the largest
proportions, followed by the remaining components. This ordering reflects their statistical importance
within the model and enhances the transparency of the analytical results.

Methodolosgically, integrating PCA within the CRISP-DM framework strengthens analytical rigor by
ensuring a systematic and reproducible process from data preparation to model evaluation. The resulting
component structure provides a coherent and interpretable representation of enrollment decision
factors, offering a robust empirical foundation for further interpretation and application in higher

education research and strategic planning contexts.

8. Discussion

The results of this study provide empirical support for all three research objectives and offer a
structured interpretation of students’ enrollment decision-making processes. First, the identification of
five principal components confirms that enrollment decisions are not determined by isolated variables
but by multidimensional clusters of interrelated factors. This finding is consistent with prior research
suggesting that higher education choice is influenced by a combination of economic, psychosocial, and
institutional dimensions rather than purely academic considerations (Hemsley-Brown & Oplatka, 2016;
Marginson, 2016; Azzone & Soncin, 2020).

Second, the dimensionality reduction achieved through PCA demonstrates that complex decision-
related variables can be systematically grouped into a smaller number of statistically meaningful
components. The retained five-component structure, explaining over 50% of the total variance, indicates
that the extracted factors capture a substantial portion of the variability in students' decision patterns.
Importantly, the extracted components are presented according to their relative contribution to the
explained variance, with Component 1 and Component 2 accounting for the largest proportions, followed
by Components 3, 4, and 5. This ordering is derived from the explained variance obtained through PCA
rather than subjective interpretation, thereby enhancing the transparency and interpretability of the
findings. These findings are consistent with Jolliffe and Cadima (2016), who emphasized that PCA is
particularly effective for reducing data dimensionality while maintaining meaningful structural
relationships among variables. Similarly, Romero and Ventura (2020) argued that dimensionality reduction
techniques are increasingly valuable in Educational Data Mining because they simplify complex
educational datasets and facilitate knowledge discovery without compromising analytical quality.
Furthermore, the identified components are partially consistent with the findings of Kanjanasamranwong
et al. (2017), who reported that institutional quality and reputation, institutional environment, social
factors, and economic and financial factors were among the key determinants of students' decisions to
enroll in higher education institutions.

From a theoretical perspective, the findings align with both Student Choice Theory and Maslow’s
Hierarchy of Needs (Maslow, 1943). The components associated with financial readiness and institutional

safety reflect foundational decision conditions, consistent with cost-related filtering mechanisms and
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lower-level needs. In contrast, components related to identity formation, peer influence, and
technological relevance correspond to higher-order motivations, including belonging, esteem, and self-
development. However, rather than implying a strictly linear hierarchy, the results suggest that these
factors operate in an interconnected and context-dependent manner.

Third, the application of the extracted components demonstrates how data-driven analytical
results can support decision-making processes. The transformation of high-dimensional survey data into
interpretable structures enables clearer categorization of enrollment factors, facilitating their use in
strategic planning and communication design. Unlike previous studies that relied primarily on descriptive
analysis (Santisirikul et al., 2023; Lertsahapan & Serttasangsri, 2020), most applications remain descriptive,
focusing on variable grouping without linking findings to theoretical frameworks or strategic implications.
However, the present study employs a data-driven analytical approach, providing a more systematic and
reproducible basis for understanding student behavior. These findings are consistent with previous
research emphasizing the value of data-driven analytical techniques for identifying latent decision
structures and supporting evidence-based decision-making in higher education (Jolliffe & Cadima, 2016;
Romero & Ventura, 2020).

Overall, the findings highlight the importance of integrating statistical analysis with theoretical
frameworks to capture the complexity of enrollment decisions. The results contribute to the literature
by offering both methodological clarity and a structured representation of decision factors, while also

providing a foundation for evidence-based applications in higher education contexts.

9. Recommendations

The findings offer several implications for higher education institutions seeking to improve
enrollment management. The results indicate that students’ decisions are influenced by a combination
of financial, institutional, social, and personal factors rather than academic considerations alone.
Consequently, universities should consider adopting a more student-centered approach by strengthening
financial assistance, support services, opportunities for personal development, technology-enhanced
learning environments, and peer-support initiatives. Such efforts may help institutions better respond to
students’ expectations and enhance their overall attractiveness.

The extracted components also provide a useful evidence base for strategic planning and
communication. By understanding the factors that shape enrollment decisions, institutions can develop
more targeted communication strategies, improve curriculum relevance, and design support systems that
encourage student engagement and institutional commitment.

Several limitations should be acknowledged. The study was conducted within a specific
geographical context using purposive sampling, which may restrict the generalizability of the findings. In
addition, PCA is intended to identify latent structures and does not establish causal relationships among
variables.

Future research should examine broader educational contexts and employ complementary
analytical approaches. Techniques such as Association Rule Mining may reveal hidden patterns among
enrollment factors, while Structural Equation Modeling can be used to investigate causal relationships

and validate the component structure identified in this study.
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Abstract

This research aimed to: 1) develop a mobile application system to promote tourism in Phra Nakhon
Si- Ayutthaya Province, and 2) assess user satisfaction with the developed system. The participants
consisted of 250 individuals, including Thai tourists, international tourists, local entrepreneurs, and officials
from relevant agencies, selected using purposive sampling. The research instruments included a mobile
application system developed for the Android operating system using Visual Studio Code, a system
performance evaluation form, and a user satisfaction questionnaire. The research findings revealed that
the overall performance of the mobile application system developed to promote tourism in Phra Nakhon
Si Ayutthaya Province was at a high level (M = 4.37, SD = 0.58). In addition, overall user satisfaction with
the system was also at a high level (M = 4.29, SD = 0.61). These findings indicate that the developed
mobile application effectively enhances access to tourism information, improves usability, and enriches

the overall user experience for promoting tourism in Phra Nakhon Si Ayutthaya Province.
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Research Conceptual
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Information System :
> : —» System Analysis and Design —p Sompletedimonite
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Figure 1. Conceptual Framework Development of a Mobile Application System for Promoting Tourism in
Phra Nakhon Si Ayutthaya Province
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5. A5AUU9UI (Research Methodology)
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ONLUULAZIAILININATEUIUNNT Rapid Application Development (RAD)
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5.3.1 3UuUUN15398 (Research Design)
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WAUITzUU (System Development Life Cycle: SDLC) wuu Waterfall Model way (2) n1suszidiunuiianela
vouldausruy
5.3.2 MINWUITZUUAIY SDLC Waterfall Model

v
N o A
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2. Yunauil 2 nseenuUY (Design) lA3nviuHUnIUSUN (Context Diagram) WouARININT Y
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Figure 2. Context Diagram
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Figure 3. Search/Browse Details/Navigate Users to Tourist Attractions Using GPS
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laidundnvesszuumenues sudumsiiudeyansldou msﬁiumuﬁiuammmmgLsumszmy AERAINILY
1 nauegameuluuYsTliurmfianeladessuuiiethteyaluiinseinuinguszasdvesnsidesely

5. Sumeudl 5 nsthgsine (Maintenance) Tuszazaasnsiigsin ddunisdavheiioflda

a

waziiumuAniuInnvies s aileuiuUTesEuy AnAun1svinuresstuy wazUseAvBaimuy Android n
wullymazudleiui dinavszfiuanuianelaniiesgiieduilaiduln sUinndoyaaauiveadionas
Aanssu ileliiszuulirnuanysaiuaznevaussiem udessgldaustseliles
5.4 nMsususandaya
nsfususmdeyalunsidoassduvseandu 2 dau ldun mevssfiuvszAnsnmeesszuulag
fideamg uazmsvssdiuanufiselavesildnuai Tnefiswandondai
1. mafiusunudeyaiiieysuiiulsyavsnmussssuulnegidesny dudumsiiusunadeyaan
Nl $1uau 5 Ay Fedndennuinaeifitivualy eedidunou §eil 1) dudunsiadeideamnauitene
anueuaTgslunsssfiiulszdnsainvesszuvluuisuoundinduii edaasunisvioni vadania
wizuAIFTeYsen 2) Tuasinguirasdueniside Bmsusudiu wasdmunszernalunafununedeya 3)
JimamngyimsUsaiiussuununuulsefiulsyans amidawsenls uaz 4) didunisnsaasuniuanysel
yosuvvlszifiularusudeyaiiiethluiiesgvimnaadiasely
2. mafusuradeyaifioussidunufienelaveslday dudunsidusunadeyamiuiiela
ffunstunguildnuaiesruiluvoeundieduiiodaaiunmsviesiieimiansrunsaiogsen Inoddunaus
fie SawSouszullisueundiaduiiieduaiunisvieailsdminnssunsaiogsen wiey OR Code dwsums
Whilsssuuiasiaziuuasuaueaulal
5.5 N13Aseidaya
foyaildainmsuszidiuvlssavsamussszuutazanufiawslavesglinugniranieseilasldadfide
wssaan 1A Aade (Mean) wagdiudoauusnnsgiu (Standard Deviation) ileagussfuanmAnfugeings
fegreluugleundinduiioduaiunmvesisrdminnsrunsaiogse
HANTIATINNLUAAIUVINEAANATIN TUTE UKL S @UUTEMAT 5 8au Tnamruainue
nsudanadsil
Aady 4.51 - 5.00 mefa sedUNTgR (Highest)
Aade 3.51 - 4.50 nneda sedunn (High)
Aade 2.51 - 3.50 wede sefutunans (Moderate)
Aady 1.51 - 2.50 wnefa sefuties (Low)
Aady 1.00 - 1.50 yneds szdutiondn (Lowest)

6. Nan15938 (Results)

N53384589 MINAUIsEULlNUBLaUNA T udLaTuNMSvaLeIdaninnssuAsAT 08587 a1u150aTY
HaM IR Inguszasrniuunlile 3 Ussidiu fadl
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6.1 nanseenuUULATiANssULTIUELBUNRIATudLsuN e AierT Iz unsATaYsen

NanseenuULLaziANsE UL TUBLe NI Tudsai M svioaisaiminnsrunsaiogsen wuin syuy
fiwaundudag Flutter (Dart) anunsnsasiunisldaiuuy gunsafindeudissuuufinig Android (Mobile
Devices) liogafiuszansam lagssuuaunsaususuuuunsuansua (Responsive Layout) imangauriu
vunavihenarusunnsidnuvesdldusasussianlaegamnzau

uananil srvudsaunsasesiunslinumumumvesldnuld 2 nqu ldud Wnvieuileanieaindn
wazgguaszuu lnedlasairamineuasilandunisvinuvesusaznquianuuandresiununisiaudazngals
1 fil

1. nguiinvieaiiien azwuuniheendndiuau 13 wihee Usgneuse Whgsyuu alfasaundn wihae

VAN Wands18MsUTELAY UeuNSLAumMaLazaauivioniied Aumaniudl Gaunsa feyadiud 11533ves
aundin Usziavaniuivieadien uunsiiiuns anuiiviendlen wagidunisifiunis faegrsdauanslu Figure 6.
loun adnsaundn vihevan N15371v05ENNTN TayadIud Way WHLNSIAUMNG

< a Home Q fa Bookmark Q
Hello!

Sign Up! Y Category View All >

Name

Username

@ Temple @R Market @ Castle/Palace

Fola- e

The Heart of

One Day Trip Ayutthaya

| Wat Phra Si Sanphet @
© Open 2108001830
+ Tambon Pratuchai, Phra Nakhon

’ Wat Mahathat v
© Openat 08.0018.30w.
¥ Nresuan Rosd, The Wascikri P
Gender - & m i
e Wat Chaiwatthanar... %
" " © Open al 08001830
Popular Destination View All> & .
Email < Ban Pom, Phia Nakhon S Ayutth.
A Wat Yai Chaimong...
-
' o o ... ou
B v A g Ban Road, Bang

Nl Q n 2 a Q n 2

Password PN

(a) Subscribe Screen (b) Home Screen (c) Bookmark Screen

fa Profile Q < A Glimpse into History

Description: A day dedicated to discoverin.
by

among
tt1@gmail.com
Wat Mahathat
Step 1

My Reviews

Wat Ratcha Burana
Wat Phra Ram
Step3

Wat Phra Si Sanphet
Step 4

Logout
Chao Sam Phraya Nation...
Step 5

°

EFECER

L Q n

Profile

(d) Profile Screen (e) Itinerary Screen

Figure 6. User Interface for Visitors or Members
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2. NGUAQUWATTUY JenUTUNNDe 920189 Admin Dashboard dmsuuimsdnnisgiuteya MySQL wih

WINVBINITLY1E SEUUAIMT UK AUATEUU LU1g SeUUa T Ul A uaTEUY S18n157 0y and vy
sediunsdmiuiamindie nsadasaundn anunvieauiied Ussiananiuiivieaiien sUnmanuiiviesing,
Fhanuiivieadien Jamnse ununsAuN MeanBenuaunmsiune uagnsiiiadeyanmadudguassuy

megenauandlu Figure 7. laun wihvsuansdeyaaandn

Sawasdee
Ayutthaya
Members:

LISTMENU

(@ Auaction

Id Name Username

1 userl userl
B Type

3 tl among

4 test101022 test101022

® re
@ Bookmark

ITINERARIES

Gender

male

female

male

Email

userltest@

ttl@gmail

test101022

Password

$2y$10$1RU

$2y$10$yrE

$2y$10$pj!

Actions

Figure 7. The screen shows the list of attractions.

6.2 nan1suszliuysEAnSameesszuuluueuaunaindulagditedviy

Han1sUsEdlwUsEAvE A mveduueueUndndulneBeiuasnunalulagdansauma Ussaunisalildem

MU 5 AU WUl AneRenmsIvessEAE sz ueg luseRuin (X = 4.37, SD.= 0.58) fauandiu Table 1.

Table 1. Result of Mobile Application Performance Evaluation Conducted by Subject Matter Experts

Topic X S.D. Evaluation Level

1. Alignment with research objectives. 4.60 0.55 Highest

2. Coverage of functions and features. 4.00 0.71 High

3. Accuracy and reliability of information. 4.40 0.55 High

4. Appropriate user interface (Ul/UX). 4.80 0.45 Highest

5. Technical performance and system connectivity. ~ 4.00 0.71 High

6.  Practical Ability. 4.40 0.55 High
Overall 4.37 0.58 High

6.3 wan1sAnwiaNuNwalasanislduszuuluuisuaUnaaduduaiunisvio e ianszunsAzagsen
HansANwIAewelavaslfevasngudlegnsdiuiy 250 au Inedanuiaelasiuiulusmuei 9
wazdusglemiranisiiluldaulaats faanudisnela agluinaueiiiaseiuazseaunn I Al
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Table 2. Total Satisfaction Assessment of the Tourism Promotion Mobile Application System of Phra

Nakhon Si Ayutthaya Province Functional aspects

Topic Functional Aspect X S.D. Evaluation Level

1. Ease of use; Not hidden. 4.29 0.52 High

2. Accuracy of determining the wuser's current  4.47 0.56 High
location and attractions on the map.

Application fluidity. 4.20 0.73 High

4. Accuracy in displaying results from applications. 4.37 0.58 High

Application Speed and Responsiveness. 4.11 0.65 High

Overall 4.29 0.61 High

Wofinrsudusiedes nui1 wassunisUsaifiuanafimelavesssuuluuisueundinduduaiunns
vieuflgrdminnszuasaioysen TeyannuAniuisafuanuimeladdesunisldauluamsmeylusydu
1N (X = 4.29, S.D. = 0.61) wazilgaiaunss suanuusiudilunsseyiunsiagtuvesgliuazanuiivioaie
VUL (X = 4.47, S.D. = 0.56) agfluseduann

Table 3. Satisfaction Assessment of the Ayutthaya Tourism Promotion Mobile Application System

Content
Topic Content Aspect X S.D. Evaluation Level

1. The information of the tourist attractions is clear,  4.32 0.50 High
accurate, and complete.

2. Accuracy and completeness of information. 4.55 0.56 Highest
Appropriateness of language and images. 4.59 0.49 Highest

4. The language in the application is easy to  4.15 0.59 High
understand.

5. The contentin the application is interesting to use.  4.44 0.54 High

Overall 4.41 0.54 High

Wiefansandusiede wuit nasunisusaifiuanuiianelavesssuuluuisueundinduduaiunis
voalsafamianssunsaiogse feuanrmAnfuivivaruimelafsedudoniluamemeglusyduun
(X = 4.41, SD. = 0.54) wazdawiunse AmauwEnzadlunsidawuassuam (X = 4.59, SD. = 0.49) aglu
JEAUALN

Table 4. Total Satisfaction Assessment of the Tourism Promotion Mobile Application System of

Ayutthaya Province Design Aspects

Topic Design Aspects X S.D. Evaluation Level
1. The application is modern and beautiful. 4.27 0.49 High
2. The choice of color of the system is appropriate 4.52 0.56 Highest

for the application.

3. The application is flexible to use with a wide range 4.56 0.50 Highest

of screen sizes.
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Table 4. Total Satisfaction Assessment of the Tourism Promotion Mobile Application System of
Ayutthaya Province Design Aspects (Cont.)

Topic Design Aspects X S.D. Evaluation Level
4. The size of the buttons and fonts in the app is 4.44 0.53 High
suitable for use.
5. It has an easy-to-understand content 4.43 0.50 High

categorization.

Overall 4.44 0.52 High

dofinsudusiede nuiwasumsuseduanuimelavessruuluuisuaundindudaasunis
vieufledmiamszunsaiogsen ToyanuAniiuieafunnufimelafiesunisesnuuulunnsineglu sz
7N (X = 4.44, SD. = 0.52) uazdigawiufl Auneundiaduianuanudangulunisldauidvuamiie
wanviane (X = 4.56, S.D. = 0.50) agfluszausiun

Table 5. Total Satisfaction Assessment of the Tourism Promotion Mobile Application System of

Ayutthaya Province Benefits and Applications

Topic Benefits and Applications. X S.D. Evaluation Level
1. The application can search for a wide range of tourist ~ 4.29 0.52 High
information.
2. The application can help in making decisions about ~ 4.43 0.56 High
choosing a tourist destination.
The application has an easy-to-travel sequence plan. 4.21 0.68 High
4. The application can record and share the  4.39 0.52 High

experience of walking to attractions.

5. The application clearly tells the distance between  4.37 0.57 High
the location and the user.
Overall 4.34 0.57 High

idofiasaundusiede nuit nasrunisuszifiuanuiianelavesssuuluususundinduduasunis
vieudimadaniamszunsedeysen deyarudndfiuisiuanufimeladsesudsslevflumsldon luams
ogfluszdiunn (X = 4.34, SD. = 057) uazilgaiudl MunoUndinduannsatiemdelumsuszneunisindula
Tumsidonamuiivieaiieo (X = 4.43, S.D. = 0.56) agflusduann

Table 6 Total Satisfaction Assessment of the Tourism Promotion Mobile Application System of
Ayutthaya Province Assessment content

Topic Assessment content X S.D. Evaluation Level
1. Functional aspects 4.29 0.61 High
2. Content 4.41 0.54 High
3. Design aspects 4.44 0.52 High
4.  Benefits 4.34 0.57 High
Overall 4.37 0.56 High
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Wofiosundusiede nudt maswnisussifiuanufianelavesszuuluuisusundinduduaiunis
vipafivrfaminnszunsaioyse deyammAnifiuAsitunnufieladisodumsussdiui 4 drulunmsame
lusgduann (X = 4.37, S.D. = 0.56) wagdgaisiurunisesnuuu (X = 4.44, S.D. = 0.52) agluszauin

namsanwanuiienela flinumaneuazmavdsdinruAaiudessuuTuuswoundieduiiiodaaiy
nMsvisaisrdanianssunsaiegseuandniuegsfidud AyneadAisedu 05 Tagldad Independent
Samples t-test futayaaingldaudiuiu 250 au (nAvg 145 AU LaNARGS 105 AL) KANITIATIEN
fawansly Table 6.

Table 7 Independent Samples t-test (145 Males and 105 Females)

AU 379N19 t P
1. Applications user-friendliness. -2.59178 .010
2. Contents Precise, accurate, and comprehensive locational data. -2.74988 .006
2. Contents Appropriateness of language and imagery -3.91658 <.001
3. Design The color selection is appropriate. -2.23933 .026
3. Design Flexibility in screen dimensions -3.97248 <.001
3. Design Button size and font are suitable. -2.4676 .014
4. Benefits Effortless travel arrangement -3.5588 <.001

@ Levene's test is significant (p < .05), suggesting a violation of the assumption of equal variances

defiosandusiete wuin flénumeneuazinamdadauaaiiuuandsiuegradidodfymsanad
sz 05 lnoumavdiianade ganinanelunnsenisiuandie loun anvazanlunsldaudieliduteu
(t = -2.5917, p = .010) ANudnlaugniesuazasUUvesTayaanUTiviaalfien (t = -2.7498, p = .006) A1
wisnzaslunisldniwinazgunm (t = -3.9165, p < .001) maidenlddvosszuudivanzay (t = -2.2393, p =
026) AnuBanguvesueundlndusiovnavinvevainuans (t = -3.9724, p < .001) Weduuassleudanzay
(t=-2.4676,p=.014) LAEMIVIRLNUEITUNSRUeTifesansTdn (t = -3.5588, p < .001)

wansAnwianuianels gldeurnineuazsisnaiauAaiudessuuluusueundinduiile
dussumavisniisadmianszuasaioyseunninaiuogaiitodfgynaaiaiiszdu 05 Ingldedia Independent
Samples t-test fudoyaanglinuisdu 249 au (¥19lne 213 au uazv1enewd 37 au) wan1siasesd i
wanslu Table 7

Table 8 Independent Samples t-test (213 Thais and 37 Foreigners)

Aspect Items t P
1. Applications ease of use 2.728 .007**
2. Content Location information clarity 3.08 0.002
3. Design aspects  Modern and beautiful 3.928 <.001
4. Benefits Searching for a wide range of information 5.00 <.001
4. Benefits Helping to decide on a location 5738 <.001

@ Levene's test is significant (p < .05), suggesting a violation of the assumption of equal variances

o a

defiasanluseds wud gldnugilvenazysinidenufadiusnnaaivegdideddyneedan

26U .05 (p < .05) Tngglinurisdnnisidnede) anidldnurmilnglunnsienisiwandis dail 1) dunisld
U WU ANNEzAIntuMsidnu (t = 2.72, p = .007) 2) Auiilenn wud1 ANutaUTeYAanIuR (t = 3.08, p
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=.002) 3) AMUNITEINLUY WU ANTIUETBLAZEI8913 (t = 3.92, p < .001) 4) rudseleut wuln ASAUm
Joyanainuaie (t = 5.00, p < .001) karn13iedndulaudenaniui (t = 5.73, p < .001)

7. @3Unan13398 (Conclusion)
mafauszuuliusleundintuiioduaiumevieaiisrdmiansrunsaoysen IfuniseanuuuLay

Wanieingussasdiiies nsnuarmnuazduaiumsvioniioliuninvieaiien TneflnuaudAddy wu
Msfuvundsviouiies mstufinteyaaauiifiauls nsnausunsiAune msuansdeyaszerma saudanns
srysumistiaguresdldiuunnd il ssuuldfunisimundisniseonuuuidslaseadiesing wunmuium
(Context Diagram) iluUN1W Use Case Diagram wag Entity Relationship Diagram ﬁléu'wiﬁﬂﬁ%’mms%mﬂaﬁ
Usgdndam

1. wan1537enud1szvuluvisne Und it ud waund uanusodwasunisvend sadan e
nszuAsAyseliegiiusyavEam lnsinseenuuulassasnsyuulvaenadesivingUssasdvenisideuas
SnwnzlanizveanisvisuiisndeTaussmnazuianlanvesdiminszuusessvunumildaundn 2 ngu
Idun dnvisaiion ({ldnuill) uas fouateyavieiion Tnsdnvisniisrausadiddoyaanuiivieaiion
iy A wuiimaedie GPS seazBenlusaaay Jaanda Thuasazuuuaniuil dufquatoyaaiunsa
dnnsteyaaniuil SUianeaziBen wavgadansldnuvesszuuld

2. waannnsusziiudsz@nsainvesszuuluuisusundiaduiil sdsiaiunisvionii erdana
wszuAsAIoyse laofideamgdiuau 5 viwu wud ssuuluusueundinduiivssansameglusziu unn Tad
Aadvegwinty 4.37 wazdudoauuannsgusintu 0.58

3. waannsUssiiuaraienelavesngudldausiuau 250 au s 4 Frundn Tunmsmeylusedy
un Tnefinadoegvintu 4.37 uazdrudsauusnasgiuiidu 0.56 fgarudiunisesnuuy Tnefldadeet
windy 4.44 uazdrufsauunnsg Ay 052 Jsgasiude weundinduiinnunnudaveulunsldaui
vanthaenarnyas Tasfradvegviniu 4.56 uazdruidenuumasguwhiy 0.50 sesaanldudduion
Tnefidadoegyindy 4.41uazdrnmidsauunnsgumindu 0.54 Fagaiauie anummzaslunisldnuas
suam lasdldadsegwintu 4.59 wazdrudoavumasguintu 049 sudselevilunisldam lnedatade
oginifu 4.3 uazdrudeanuuannsgiuindu 0.57 Sagaiu Aeueundladuannsatiemdslunisussnounis
dndulalunsidenanuivieniien Inefaadsegwindy 4.43 uazdrndeauumnnsgiuiniu 0.56 uazduns
o Tnefidnadsegiviniu 4.29 uazdrndssuuumsguingu 0.61 Fsgaeu aruusiugilunsssydumis
Hagtuvesiliuazanuivieaiivruuund Tnefiduadeegvintu 4.47 uazdrudsauumasgiuviniu 056 wa
NMsUsEluNMTIMYNAUTasTE UL UNAAtY nudissuuivssleviuagnoulangmsldnulusedu “un” me
Aladesan (X = 4.37, SD. = 0.56) Inggaiauddnigadedunisesnuuudsdaaiuuszaunsainnsldamd
agmnuaziiauly ssuuiifeidnenmlumstasativayumsveaiiorludminnssunsedoysen uavaunose
goamsiauloduaiumsvioniennelugaddvialdodeiiuszansnmluewian nan1smagou Independent
Samples t-test wudn lfnuwame (145 Au) wazinands (105 Aw) fanudaiusnnaieiuegaddedfiyn
adffiszau .05 ImmwmfﬁqﬁﬁhLa?{aqqm’ﬂué’mm’mawm ANUTALIUTRLA AIUWINNEANAIITUAIN NS
Fond Bumesimudimudangu vuinduroud wazmInauRuduns (p < .05) dusemsfivdeliunnsiis (p
> .05) iU AnuktugELT AusanEs uasnsfundeya aseussuudussaninmlndifestunsansne
V14518715 Levene’s test fitad1Aey (p < .05) wansanunlsusiulawindu waznanisvadou Independent
Samples  ttest wuin glisusnssnafinnudadiudessuugsningldanuralnees i dynisadad
sedfu .05 Tunndu 1w drunisléa (mazmanlumslon) duden (rnudnauvesdoyaaniui) du
N1308NkUY (ANUYTUaeuazaleny) uagauuselovd (Midumdeyanainvatsuaznsdieandulaiden
anuil) Taeyna p sndn .05 uanshATmuANANsETTeA R Teatn

[14 of 18]



—f
May-August 2026, 4(2), e3495 Journal of Computer and Creative Technology r=f r-l f ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3495 Msasreuiimefuazaluladainsassd S/J : ISSN 2985-1599 (Online)

(Research Article)

8. 8fius1enan1333y (Discussion)

1. wvviummmﬂwﬁLm‘i’uﬁﬁwuﬁuﬁwmwﬁwﬁzgs[,umﬁa'aLa?umﬁw’aqLﬁlaaﬁmi’@uuﬁiw%’wi’m
wszuAsAsaysen IneUszynd Flutter 93 GPS iiterfiuanuutiuglunsssysumisiagiuvesglduazan
Woufi eruULNuf (X = 4.47, S.D. = 0.56) %*'aszhaamﬂzym navigation Tuiuilusiaan ULy GG
Smart Tourism AM3WNY “@8581 2020” (Digital Economy Promotion Agency, 2020) AMHUUEAINA1IN1AIN
15534 GPS U Wi-Fi/Cell Tower Triangulation AMuuw3N"e Google Location Accuracy ¥lidndn GPS ifen
(Error <20m Tue1A53n) @enndas Digital Cultural Heritage 7114 Positioning angneausAnlng (Khaosod,
2022) uuane Cross-Platform dudhiiavangunaal aunsaudufunuuiiufiusandusy Digital Heritage 0
UNESCO (2015) fiutiu Precise Mapping @ %3u Cultural Sites (Seangmas et al., 2018)

2. namsUszifiulaegidengy 5 au wuiluusueundladuiivssansnmlnesiusedu “un” (X = 4.37)
Tag UVUX Ieaziuugean azviouanuielunisldouuasussaunisaliliia dadiean Learning Curve dmsu
ﬂ’ﬂviml,ﬁ&rwi’mmmuaqﬁm (ReadyPlanet TravelTech, 2025) lnasnumiugnaeadeyawaruslovuinisida
oglusedy “u1n” Wuiieatu aeardesnuifeitinanumenisussAnsnm (1 GPS Accuracy) dsuasie
Adoption 484 Digital Tourism App (Wongsason, 2017) lagi5aa ixUUW%’auafﬁJﬁquﬁmLﬁﬂ?ﬁ%ﬁa an Bounce
Rate 910 Navigation Error ﬁWUIuLLaU TAGTHAI (Digital Economy Promotion Agency, 2020)

3. nansAnwanufiewelavesldnuluviunveansimussuuluuisuounaiatuiiodaaduns
viouflrdminnszuasaiogsen wuin anufiswelavealdly 4 fueglusziv “uin” Tngsunisoonuuudl
aruBangulunsliay sesfurmanthaonaesuuy sudemiirumnzaslunislniwuaggunm fu
Uszlemivaglumsdnduladonaniudivieaiion uagsunisldnuienuusiudlunsseysuniseadldua
anuiiviondion dail 1) Funiseenuuy (Design) HansUszdiunuindiunsesnuuuiiaiadsgean Inslans
mnudangureInsiannauugUnsaififivuianthasunnsnafiy agvieufaniseenuuuiidisieszaunmsalild
(User Experience) Bstaglvigldannsatndsssuuldazann uavaenndesfunuifnnisiuinimdglumslday
(Perceived Ease of Use) fidsnasianiseauduinalulad (Davis, 1989) 2) d1uilonn (Content) futd ol
Anadveglusziuun lnsaumunzauvesnwinazsunnldSuazuuugs uandliiiuinnsiiauedeyai
Forau 1inlad1e uazaenadestudly dreiinautaulanazaimsindedeveeundindu deaonadaiy
ATt aunmveaenuiuiiaduddaromuiimmelauazarudilaldanvesild (DeLone & McLean,
2003) 3) fuvszleviflumslday (Usefulness) Sieadsegluseiuunn (X = 4.34) Insuaundinduaunsatie
atuayunsindvladenaniufiviondenldegadussaniam (X = 4.43) amaummiaamwuﬁqmum
MOUAUDIANUABINITVRIR LY maamﬂaawuLLu’mmmﬁiugUiﬂwu (Perceived Usefulness) filividnasions
sonfunaznislinumalulad (Venkatesh et al, 2003; Davis, 1989) 4) sumsldany (Usability) fidadeeglu
siuan (X = 4.29) Tnsqaidufonmisiud1vesszuussysumia (X = 4.47) Fselildannsadumuazng
wumsiusldazmnuaziiussans amd sy A0RAR DI URIAAGUAMAINTZUU (System Quality) fidwase
Anuianelanaznsldnuszuvansauna (Venkatesh et al, 2003) 5) siu szuuliuigwaUndiatuiaaui
welvsglusziuann agvioufisinanmuedluunsuesundinduaansaativayumsviesiisddmiamszuasaiogsen
aFun1seenuuy ievn uarnislda Fewenssduussaunisaiilduasdaasunsindulvioadielfegad
UsganBam aenadeafuumfnmiudifavesssuuasaunaiitingunmsruukas feyainaronufianela
warn15 b9 (DeLone & McLean, 2003)

anhetl nanUssiiuaseuliiufannuddyomstauimelulaidvadeatuayunsieadiedly
gatlagiu TnsmsUszgndliluusueundinduainsodiiuamhadlalunsvieaden duadunmsdndulaves
tviondler waradrayarmaasughvluiuiildesudiu fuaenndosiuuuAnnisvioniioadaeiey (Smart
Tourism) Aifumsldinaluladiflosnsziuyszaunisaiwazmsimuinisvioniion (Gretzel et al, 2015) Fawa
MINAaay Independent Samples t-test wansliitiind AUUANANAILNALAL Sy RTNaRDNTFUSAMNN
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voaweUviauiidluu1add lnegldmandg winliaziuuduniseonuuunas AnuaznIngndn vaedigle
ysnsdfiunldiliazuuuganiigldsnlnglusudeya nisldau uazuszlovivesszuy Jsaenadasiu
sATeiinuinmielunisldnuy auamdeys wazyszaunsalliidudladoddydennufianelauazns
gausuLeUviaadien (Ribeiro-Navarrete et al., 2023; Manna et al,, 2025)

faiu ssuumsimuilfsessuglivannuaengunniu Taeiumseonuuudiufareflinuite daou uas
sesuvanem Weiiiaszavsammstdaulunguinvisadioasisvfualdifinnusesmssineiu (Akhmedov &
Ganiev, 2024; Manna et al., 2025)

9. daiauauuzauIFe (Recommendation)

Kamsidedueundiaduidnenmlumsduaiunisiond sndeinusssmedmianszuased oy 5on
msrosandued aafleUssmduiuduazatuayumsiadulavesinvieaiion wiewiaunileddunuzthanui
nsTauRudLM wasmstmasuuisalnlliasudud sy ssuumslaumsusulsdisessudldmusuasenn
SUiandeyang1sariane uazsosiuvasnwiloiuyssans ammsldnusds lneamenguiinvisailodsnend
dmfumideluean miﬁﬂmmjué]’aaﬂNﬁwmﬂuawmﬂﬁu wagnnaeuRandulvy 1Wu nsuugtenzunas
msUszgndld Al vi3e AR uasmsUszidlusaszazeienginssumvisaieauazanufisnelavesfly

10. 29AANFINIIUTY (Contributions)

msﬁ’&umiwﬂmmaLLaU‘wﬁLﬂ%’mﬁadqm%umwiamﬁaﬂuﬁ‘yuﬁLawwsmmiagﬁmm’ﬁﬁﬁ’agal,mdwiauﬁm
wiuit wagmsthmdlfluszuuionlfes sy avEam uaztisensziumsvieadivadeianssaliidddsagenn
99w uenantl nenITed T esiUsEneus unseenuU Wem waznisruluietuddysennuionele
voel6u Ingnzanudniauresdays A NWINEENTRIN B ILAE JUAM warAaLug1veM IsE YTty
Faszgnd mAdelansadutusuulimihsnudunsvieaiisazesdnsviosiulfiduedosiovssanduiug
atfuayunsindula wasevongilaitunushanuiivioaiion mynusuduns uazmssessunaenwilodia
UsgAnSnmnnsldnuass

a

11. msUawensldlynyiusehugiBeaineassd (Declaration of Generative Al)
nadellnhdganvszavgunldlunsudaundagennawiveidunwndingy Tealdlusunsy Al
ChatGPT uag Perplexity #dlaldmddiviimsudastsgndesnnamanivinisuagliensal nsld Al lutumeuilty

AL UEITDINTE DA ST TIN M UAZANANILARIALAR B UIINNTLUARIIAULD
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Abstract

Time series forecasting is crucial in the present, applied in areas such as weather forecasting,
finance, and beyond. Gold price forecasting is highly complex due to significant influences from economic
factors. Although current studies have explored gold price forecasting using deep learning models, issues
of prediction lag persist, affecting the accuracy of directional forecasts. To address this problem, this
research focuses on developing a gold price time series forecasting model with improved accuracy and
reduced prediction lag. This is achieved by combining the strengths of the LSTM (Long Short-Term
Memory) model, which excels at learning long-term dependencies in data, and the CNN (Convolutional
Neural Network) model, which efficiently extracts spatial features from data. Additionally, a data grouping
method based on price trend characteristics is employed, allowing the model to learn specific patterns
of each trend type appropriately. This reduces lag caused by delayed responses to actual data changes
and enhances the accuracy of gold price forecasts in both numerical value and directional movement.
Consequently, the model demonstrates strong potential for effective application in real-world financial
trading decisions. This study uses gold price data from January 2014 to July 2025, totaling 2,943 days.
Price trends are classified into three groups uptrend, sideways and downtrend. Four models are trained,
which are LSTM, CNN, LSTM_G3, and CNN_G3. The most suitable model for each group is then selected
to create the LSTM+CNN_G3 model. The results show that the LSTM+CNN_G3 model achieves the lowest
overall MAE (Mean Absolute Error) at 17.68 US dollars and the highest overall MPM (Movement Prediction
Metric) at 54.08%, outperforming the baseline LSTM and CNN models that do not use data grouping. This
demonstrates that the grouping method effectively reduces prediction lag. In a gold trading simulation,
the LSTM+CNN_G3 model yields the highest profit of 1,870 US dollars, representing a 101.87% return on
capital. These findings indicate that grouping data by price trends combined with selecting appropriate
architectures can improve accuracy and reduce lag, enabling the model to be effectively applied in real-
world financial markets.

Keywords: Time Series Forecasting, Gold Price, LSTM, CNN, Trend-Based Data Grouping
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UnAnga

nswgnsaieynsuandudsdhdnylugadagiiu fsludunsmeinsaiennia maiiu wagdu 4 Tasiame
mangnsainamesdfifianududougaiesnnlisudvinanniadomansugiaegiann uifiludegiuasd
msfnwnAeafuisnsneinsaisamesdlaslduuuiaendedn uidinamudgmanuadlunismeinsaids
dawasionuusiug1vesfismsiinensalls WoudYamidanann q’m?%’aﬁ%quLﬁums‘ﬁwmLLUUf\i’Waadwmmaﬁ
punsunaAmesilifia L Tuaraniymeanuadlunsnensal TnsordemanaunanugaLau
sewinalama LSTM (Long Short-Term Memory) fifinamwanansalunnsifeusmsilsnszozenvesdoya uay
Ta;ma CNN (Convolutional Neural Network) fifianuannsalunisatnnudnuusdstiuiianndeyaldogd
Uszavisnm UszneufuiBnisudingudeyamudnvazveaunlinnen dveliuuudiassenmnsaGeuiziuuy
nzveuunltuudasusuanldodiamnzan andamanuarirfiinannisnevaussdenisivdsundasmes
Toyaadeitliviunisal uazifinanuudugilunisweinsalsamesdvsluduiianaziang mawaﬂm
LL‘UURN&@JN?’TﬂEJJ’YIWI‘UTY]ﬁuﬂﬂ‘dqulﬂﬁﬂfﬂuﬂ’li@mﬁuiﬁ]%@‘ﬂ’IEJSL“LJ(?]m@ﬂ’liNu%ﬁiﬁ]@mmﬂ%ﬁ‘ﬂﬁﬂﬂw aniafeid
Tfoyanamossdusifouunsag e, 2557 fansngiau we. 2568 52 2,943 Tu Tasduunuualdusan
sondu 3 nau laun 1T, 5967, wazaas ntulnuuusaes 4 3Uku lAuA LSTM, CNN, LSTM_G3 ua
CNN_G3 ududenuuudiassdimunzanluudaznguadiaduuuusiass LSTMACNN_G3 wan133denuin
LuUd1a89 LSTM+CNN_G3 T9A1 MAE (Mean Absolute Error) 5asnfigndl 17.68 aoaaniansy uazan MPM
(Movement Prediction Metric) 23igefianil 54.08% Fafninuuudiass LSTM wag CNN filsildutsnguuaziiu
Iuma‘wumusummimmafuauaauﬂiunm wanabiiiudndinisuusngudiantymeanuaidilaegied
Useansam uaziilediaoinistorenosdmuituuudians LSTMACNN_ G3 Wilsgeanil 1,870 asaanianss
Andu 101.87% vo9iuyu LL?{ms[,‘Mmu’s’lﬂﬁLLUx‘iﬂqm‘Uayjam’mLLU’JIUQJi’Iﬂﬁ’JQJﬂUﬂ’]iLﬂ@ﬂi‘lﬁﬁﬂ’]f]mﬁJﬂﬁuM
wangananIadfiseuwiudazandapmanuaild damaliuuudasaidnenmlumsiilussgndldas
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1. uni (Introduction)

Tugatagiu deyasynsunaignaiisuassiusiulilulsinaumeauasanate guuuNILEWNS 9
i Foyanistevienansiulunainfusasnaineyius doyaduimeiangunsal loT Feganisldmuuulan
sauladuazlefsaiiife Joyaanineiniaananlngiaindnlulf nasnsudeyanisuudwazladadingd
AuAItmamelulaglaganizaiulyaivssivgoanwuuisnisiudlunisiaiudila wensal way
dndulanndoyaeynsunauaildegusiugunnty

o

nsneInsadsInmesi Jududunsnduasniouaziiustiasegianddgdunidslunsdifnwivionie

o
v
@ =

iosnsagniuindeulasdadomaasugiauvaafidudoutu sasiiuile snsnondy Atunoaansansy
LarnIzANNALATEATNIgRisgAnans (TP & Sultana, 2024) Fedsralsisamesiianuiduniuiigauazeinse
nsvine msisuidsdnldiaunisnismensaloynsunaiuazaiidlumadidauamsalunsioud
Aadnyugiidudouaindeyauiunaminldlaesnlud@ uurAniiugius uduain RN (Recurrent Neural
Network) Feiflaseainsiieenuuuinifieuszananadeyaideddiulnoiany esnimhoanudingluiiduiin
vunandunandeunti LSTM lignitaunduanTuea RN Tnefflassasramiidudoudsisniuaumslva
veatoya Miaiusnanduazioussrozuiluddudoyalaeg1alivsed@nsain wu uwwiliy wavdgans
usndlenandaenssuitdenaiudfunds CNN Gedlanuannsasunisuszananingausaudns
Usvangamlumsviuneeynsunan L‘fjaaf«nﬂamﬁaaﬁ’mQmé’ﬂwmzLGTNﬁyuﬁa]wﬂ‘ﬁagalﬁaemﬁﬂis%m%mwmu
MsaLiiuns Convolution

Hagulumawsnsallungu ANN fideuldluniswensalounsunandad Jymauandn (Lagsing
Problem) LﬁaamﬂiuLmaLﬁ@mimauauaq%’ﬂﬁumimﬁ'auLLUaamaaﬁTa;&aﬁd (Li et al., 2023) T%daﬂmgjﬁmﬁmﬂ'
ndusviegaiivoyatinimiunauun Feilymildsmansenulaenswionisneinsaifiendlasiamegnisiu
Uszgndaynsunanfifeddfianislunisdndula 1wy s1nmes

uATeiTahausnmanaunaugasusrrindduaalungs RNN Adesldlutiagiiuesa LSTM aaugity
Tutaa CNN uagdsnsudanguauunldudeyaiiioandgymidenaiiuazifiuanuwsiugliiunisnensal
desarnluna ONN Ahausggndldiveynsunandauaiutsadunisatnaadnuasdeiud §adamali
AnauanuiunInvesdeyalaviu wagnsuiingudeyanuuuiliuigliluinaanusaneinsalfiananale
wiugnu eseynsunanfienddeiidendfe siamesd falueynsunaiifianuiumnugs wangdmsy
MyinUseansamuedunaniun1sInaenIsmsn visensnaaeuiuteyassdlunain

2. 5’ﬂqﬂi$aﬂﬁ\ﬂu3{fﬂ (Research Objectives)

1. iilewFeuilsudssaviamuadliea LSTM uay CNN dmunsneinsaleynsunaisnimvesd tngld
M MAE famnuaaaiadoudsuiunn uazldan MPM farnugnéasvesiismailuinanensalls

2. vleausimsantymanuartilunisviunevesluiea LSTM uay CNN Tnsnnsuuangudoyany
wnliusan uazidenlflumaivanzasluuiazngulunisainslueg LSTM+CNN_G3 ilerFeudisuiuluinad
Heuldlulagdueg1a LSTM

3. i eUspdfiudneninveslinad waundulunsiiaesnsdevenesdaiuaziuisuisuiulung
LSTM, CNN LLasﬂaqmﬁ‘sﬁuaLLasﬁa (Buy-and-Hold)

ad A v . .
3. ﬂ’]iVIUVI’Ju’J‘SSmﬂi‘SuLLaSVIE]U{]VILnElTUaQ (Literature Review)

3.1 M1TWEINIAIBUNTULIAN
BUNTUNAIADAIAUYDITOUATIYNIALTEINIUYGINIAT 9 AU LU 51897lus 187U T1eidiou vIesed
Fanmsnensaloynsunandunssuiumsinnealuswealaeandedeyaluefinuas Tagiu Ssiseguuanufign
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finlusuanveseynsuaannsavszanaldnalusin manensaloynsunareldueiesiolinszsii
ddnlunannvansanyn 1wy M3y wesegmans manain Inemansasnnden waznsinnisladaing

nsnensaloynIuadiasdusenaudAyvetaynsunaIUsENauUmeY 3 d1umdn (Das & Barman, 2025)
1#un iy Aomaindoufivesdeyaluszereniluansiianswesnsiiutu anas wieasi dsenauldfuuy
FaduuarliBady, ggna Aeguuuuiiindud 1 Wutinmmmusnatiitmun wasarudy Aeaudunoy
filsianansanannlddainaniademeusnvdemuaainndoulunisin
3.2 M13i38u3189an (Deep learning)

mM33eudidedn WuamilweimaFoudvenndssiifimsadauasiiniulassteussamifiouvaredu
ilei3sudunuunaraudnvariidudeuandeyauiuamn luligtunmsieudidednldtinsthuussgndiv
NsNeINTRIEUNTULIAT (Giantsidi & Tarantola, 2025) Tnganunsaevuysmamsadawuusaiulunsnennsal
Aliidudadunaznsfionszezemvesieya TaemsBeusidsdniansussian 1wy Long Short-Term Memory
(LSTM) Bsfimnuanansolusnumsnginsaioynsaia uag Convolutional Neural Network (CNN) tusiu
3.3 luaa Long Short-Term Memory (LSTM)

Tuma Long Short-Term Memory (LSTM) uannilnenssulasstnedszanniiendssinmmileiilagunis
aaﬂLmeLﬁ'aLLﬁﬂzym%aUﬂWi'awaq Recurrent Neural Networks (RNN) LUUR LAY (Chen et al., 2024)
IﬂEJLQW%I'UL%IEN‘UE)Qﬂ’]'iL%EJ‘L!%ImiﬁﬂW’]ﬁuﬁJym’J‘UﬁN‘aﬁma Tuwa LSTM finalnfewiiiiondn cate Jausznause
forget gate, input gate, Way output gate wmwmwmvﬂumﬂﬂaL’JEJ‘wUEN"UEma ﬂaiﬂuwﬂﬂﬁumamuﬁmaaﬂ
flazansmiedudeyaluefnldosnamnyay Meonuautitlues LSTM Suduiifievedrsunivanglumsvuie
TOYABUNTUIAIMNNTRUTINEINITIUEIIANBIA

Oulputgate\

ﬂ orget gate

Input gate

Cu L O— I 1 G
5 ; tanh
o i o tanh | o
: i
e . : i h,
1 1

Figure 1. Long Short-Term Memory (LSTM)
Source: Widiputra et al. (2021)

3.4 luma Convolutional Neural Network (CNN)

Convolutional Neural Network (CNN) Lfluﬁi'%’ﬂLLasﬁm’mmmsﬂumuéfmmﬁﬂizmamamw umlu
ﬁaaﬂ’uﬁﬁmu%’aﬁﬁﬂm@a CNN mﬂizqﬂmﬁlﬁﬁﬁ’m’mawmuL’;a’m&JNLLWﬁ'wmmﬁmmﬂhma CNN ansalalu
nsafanudnvasiidfyandeyasynsunanldidusgsd (Chen & Fan, 2025) 19 AaiunIuyesIAnly
svozu visonsiAnguuuunsmwiaiiouiiddnlnenisly Convolution Kermels aoulunudfuan
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Time series

Sz

Xirs Fully
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|
000/0/0/0®

Figure 2. Convolutional Neural Network (CNN)
Source: Ortu et al. (2022)

3.5 wasIausEanSAmn1swennsal

Mean Absolute Error (MAE) tfusnasiaauudugfidesldlunisussdiulumanisnensaiidausuna
Tnetoives MAE Aefimnumneiiinladelaeiimbeiferiuteyaduatiuuarsilirer@inund Tns MAE din
mﬂﬁhLaﬁsmaqﬁﬂé’uyﬁﬁmaﬂmmLLmﬂﬁiNﬁW’jNﬁw%dﬁ’uﬁwwmmﬂj feaung (1)

— Lyn 5
MAE =~y — ¥l (1)
Movement Prediction Metric (MPM) 1 un1asiniliaualae Samanta et al. (2020) L U5z idiumAI1y
wslugtunisnensalfirnivesnsiisuwlastoya Feduiuslaenssiudymaiudtlunismensaleynsy
nan Awlanauns (2)

TU+TD
MPM= ——— 2)
TU+FU+TD+FD

g TU wnud3uiansviungian1eiuigneies, TD wnudSuiunisiunefianisasiignaas, FU wiu
USHNUNSIUIETUNRANATR ke FD wnuuSu1ainIsynungasninnans

3.6 vAdeiiieafes

11139884 Lin et al. (2021) wauelunauuundlunisnensalianiesaiulagnissimaianig
Ansiuugiuiafeudiiunisdoudvenaiesuuurmndulasfuusnasdunsunuuafiouandeyasian
sanlu 13 Uuuy mﬂﬁ?u?]ﬂsluimﬂamiﬁaui 6 BUAbALA LR, SVM, KNN, RF, GBDT kay LSTM nadaukaniu
dmsuwsiaznay WleldenlumaiivanyaniigndmiusuuuunausazUssnn uafinsuugassansaimee
Mt ianamada 4 ngu HANSNARBITUTBYATLIUTINIULINNU I UseAvBnwmsviunsasdaniuty
definsuisnguuazidenlilinaiivinzan

UIT8vee Mehtab et al. (2020) Wisuiiigulaaadmiunensalsinwiu laglddoyasiaviusie 5 wii
989US¥W Bharat Forge Tumanndnnsnduraszinaduile Tneldlumariomun 7 wuu wiaduluma CNN
$117u 3 wuu uagluina LSTM $1uu 4 uuy eifauuulideyadmulaieuasvansduls Tnsramsidenud
Tuima CNN AlddoyafmuusifervesaesdUaminounthiinnausiudigsiian vazilina CNN 7ilddoyateyash
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wsiiemdaduasinountifinnuisilunsuszinanageiian deuanddiiiuinlunangy CNN duszavsam
Tngsaufindilanea LSTM Widlusuauuiuguazanuniilumsdssanona

Kan13AN®ITas Li et al. (2023) Thifiudinisnensaioynsuiaimanisdudae Recurrent Network
Model (RNN, LSTM, GRU) sintud@ieyriutgyminisandin IG]EJLQWWE]EJ'NEQJIQIH‘U"NﬁLLuﬂﬁM‘Ua\‘i‘i’Jj’auﬂaLﬁﬂmiﬂﬁvﬁ’s s
danalvirnensaifisnuaglnaifssiuadunsluefnuinniiAiase winsuiullumaniemallagig o 1
msliteyavateinds (Multivariate) wionisusndiudeya (EMD) azanunsaussimdamandildusdanu g
wandliuinlumafiuguenadanstutigmillinnnme uarnsmereuanaunanedouiissediaiene
Lifgane wnlildfasandymmsatwesnliudsdmasiofirmamugluse

$388u84 Samanta et al. (2020) Lausin3nluside Movement Prediction Metric (MPM) (e Usziiiu
mmLL;J'uETﬂun’liwa'1ﬂﬁﬂiﬁﬂmqmﬁmé‘auuﬂawmﬁﬁ'aga Faduiuslaensetudlgmnisadi waziaueds
wAdynin1sandlaeds Dual Network Solution nan1sMAaBIRUTaYAAINSIANLALIIATVL Amazon WU
Tuiaa DNS T Mean Squared Error (MSE) sinfigmidieiuSsuiiiouiuissu uaslvien MPM gedu dausdn
anunsoandgmnisartlaegnsiivss@nsnm

Pnnuiteddudilitnuitelafiannsoutdymanuardnedduna LSTM wii1a1u3deves Li et al
(2023) axdinisusuusslanademaiamg q wifdiilymenusdifiedu uasdslifouifelafithnsuingy
Foyanunuliuvesdoyauuszgndldsuiulune NN fufuemadeidddiumananauidesig q we
gon 1ap Lin et al. (2021) uanslifiuinnisutangudeyaneunsneinsaloifisdssavam seunlshuuiin
910 Mehtab et al. (2020) Ganuinlanea CNN fuszavsamindondn LSTM lunsyadoyaounsunan saufls L et
al. (2023) Al Fudstymnisarirveslumauuy Recurrent Network Tnsiangludasiiuuldudoyaiinnig
ndui Fadawaliimmennsaiiinnunanmndeusuiianis Jnhaingmsidonidluna LsTM Mduluaadidenldly
Foyasynsunan mugiuluina CNN WilerSsuiivuussansnmuazAnmanuaiwedluing uazvedigalsi
WA3N MPM 910911398989 Samanta et al. (2020) %QQHW@UW%ULW@UWL‘fmﬂ’l’mLLiJluET’lEL"LJﬂﬁWEJ’miiﬁﬁﬂW’Nﬁ
duiiuslaensadudgmnisardunléidunasilunisussfiunastunaeidy 1 Welfawisansinduuazan
Jgymnisantvesluna

4. NIDULUIAANIIUITY (Conceptual Framework)

MiAdsifunAalnefonisiagaruredinng LSTM uwag CNN iiiaandefisnaiauazannuaidnves
TunalagIsnsutsngudeyamunnlideyaduandy Figure 3. TnsBunnvesnideiifooynsuiansnames
fahuuenngudeyaandurineasntavesfudaluselung LSTM uagz CNN 9steaneeufinnaines
Tuina Wiudhsnsmegnuestinng uagannsmiilulilunisto-meads

5. 35U (Research Methodology)
5.1 maiudoya

mwi‘wamfa auaﬁm‘waam (Gold Spot) mmwlam WWW. mvestmg com (Investing.Com, 2025) 1ag
ATOUAQNIYELLIAN FoustTuil 17 unsau 2014 de aum 17 nsngAu 2025 e 2,943 u mauamﬂi’ﬂumifma
Uszneumeauauantavan laun 511U, ﬁmqwqmamu LLaui’lﬂ’mWIZ‘jG]‘UEN’J‘uGNLLﬁﬂﬂu Figure 4. ag
WU X wnudsuresiufivazuny Y wnusandavemedluusay u
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1000 1500

5.2 nanssudayauazudngudayaniuuullinmamas

wustoyasameseeniduassyn lawn yaRniu 70% was yavingeu 30% (Bahri & Vahidnia, 2022) 910
Foyartamamusiiuna Mntuddsudeyalmiuensddeds sliding Window lnsannisnnaesiuisuiiioy
Windows Size @ 2, 3, 5 wag 10 Wuinnsiiad Windows Size laignslanuusiuswedainaniu 1ns Windows
Size = 2 inadwsTiATigadadontd Windows Size = 2 TusmAdoil Foyanigluusias Window Usznause s1a1
Un, 1Agsfian, warsmmignvesiu Ssgrltidudunmestinna warimualisetavesiudaluidudwmine
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vodlaaa Mnduduunuuiliiwesamosiniseondu 3 nqu Sudu 3 nquiiinsmeseadewiuiiswau
foyalumsfinduuasvnaeuiiiisameluusiazngy tiolfidudeyadunalaouwiadu ngudl 1 uwaldudy, ndudl
2 wnlimssias nguil 3 uunliunas Inefinasilumsimuangudsorfemsisuiioudoyasewinedy
a9 () Auturounth (-1) Tasiarsanainnisiadeulnuesnade (P), 51A1geqn (H), wazsiaega (L)
sy Bouldlumsudsnguannsoesuisléfuandlu Figure 5.

n¥InMILUIngy Mndulienesiasiuinuresasngulnef NN Asuasailasiaty
(Pi+1-Pi) 9 ntumAnadsuasannuunsguveusiaryndeyadouandu Table 1.

Gold price data
H;>H;,
Hi,y Py Li i Input Target | Ei i ii'l
1 : i i-1
H, P, L i : Group 1 (Up trend)
Nl E | B L i
Hi, Py, Liy : Py |
: Hl 1 Pi—l Ll 1 E Oth
Hi, P Li i i hercages Group 2 (Side-way)
B | | Pa| [La | !
: Hi, | Py | Lig P :
Hiy Piy Liy : ol | H<H,,
' Hia | Pia | Lio i P <Py,
| ! Li<L
e —————————— Group 3 (Down trend)
Hi—u Pi»ﬂ Li—u
Figure 5. Group Separation Method
Table 1. Group of Samples
Price change (Pi.1 - P)
Group Amount of sample " <D
ean D.
c . Train 670 5.72 15.16
rou
P Test 331 1144 25.24
c ) Train 804 0.17 14.08
rou
P Test 332 2.48 27.60
c 5 Train 584 -5.30 14.06
rou
P Test 240 -8.78 20.94

5.3 nsguaunsEnuasnagaulieg

ndfelaislunaianun 4 Uuuy Weisudisuussansam Tasutsnisiindu 2 uwmnadn fe
Taipafiugiu (LSTM wae CNN) waslnmauuuutsngudeya 3 ngu (LSTM_G3 uag CNN_G3) Tngluinatiugiuay
Tfoyatamualunmsfinuazvnaeulaeiliuvangutoya ululupauuuntsndgudona 3 ndudnounisiinuas
yagou azdimsutstoyaoendy 3 nqulasideulufiuandu Figure 5. mnuasiinluinausnfuluuiasnguds
wanslu Figure 6. Inevdsniitinuasnadeulunarianuauds adenlinnailvisyansnmlumshuieiiian
vousazngudaeliea LSTM+CNN_G3
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CNN, LSTM model CNN_G3, LSTM_G3 model

Clustering into 3 groups according to trends.

Arrange by original indexes

:
1
1
CNN/LSTM i | CNN/LSTM CNN/LSTM CNN/LSTM
1
1
1
1

T ST | St ey

MAE, MPM, Trading simulation

Figure 6. Prediction Model

Table 2. Parameters

Model Parameters
Filters 64
Kernel size 2
activation function Relu
CNN
Pool size 2
Dense 1 50
Dense 2 1
Units 64
LSTM
Dense 50
Optimizer adam
epochs 20

PEIINNTIUIEALLUINIT AT e T 2 ﬂfjuﬁa AU UE LTIV U6 LLaxmeﬂéfawaqﬁﬂmqﬁ
e MudsildiannuudududauTunune MAE wagsuUsnldinanugnaesvesfianieie MPM (Samanta
et al.,, 2020)

5.4 $1a89n1500-v1END4

Lﬁamaauﬁﬂanwwiuﬂﬁﬂswﬂﬁi%ﬁa amﬁ%%ﬁ"aﬁammssﬁyamwaﬂﬁﬂmﬂﬁamuﬁmmmﬁﬂmwm
Iuma ImaLsmummawummwmwm 1 aaumamumﬂmﬂmwmaawmmmmu 1835.6 maamsamﬁ
LLauauam a Tugavnevesyanaaeu lauldnagns “Foramun” Wevhuieinsmasdiu way “orevanun” e
mmmﬁﬁmavaq fanansly Figure 7. NARDUWNUEY auwimﬁlvaﬂu’lmtﬂiaumsJUﬂUﬂasmasuaLLa”aa Imami
Fo- mwaﬂulmnmai%aaﬂi”mﬂi‘wﬂluumﬁﬁmuwmwaﬁuw uiazilrdusnressadeiusAed e
9gUszanl 0.01% 493959A1%0 (Krungthai, 2021)
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Gold in portfolio Do nothing
Pred;., > P; No gold in portfolio Buy
Prediction
Pred;., <P; Gold in portfolio Sell
No gold in portfolio Do nothing

Figure 7. Gold Trading Simulation Concept

6. Wan13338 (Results)
6.1 AnuuiugudsUTunuaziirnvedlung

sl sueudsyansamszaindlinng LSTM uag CNN Hauuulaiuuanguuasuuuuiangunia
wnltiusian Taglden MAE farnuaatindoudsUsunn uaza1 MPM farugndesuesiiamadasvioutiym
AUE

271 Table 3. nudndloliléfnsuvngudeyanuuuiliusemodiag LSTM fiugiulsien MAE 33
Wiy 19.98 uag MPM 523wy 52.50% ludaulaina CNN fiugiulsd MAE 593 20.16 uaz MPM 5911 51.47%
wandlififiudn LSTM fdseanBamitadeTinmuasfianisindy ONN ntosluniwsay uiidlofisanuense
nau wudlweaiuguieaesdiymidoseuariegadaau Tnsamelu nguiu lnefian MPM w83 LSTM
fluguegiifios 47.91% way CNN fugiuegi 47.27% Sasind1 509 uansilnealsifirauusiuglunisvune
MTuresTINMe

iehIBmsudsngudeyanmuuuilifunauszgndnuinluma CNN_G3 uag LSTM G3 dadulunad
\Annnisutangudoyandeunisiinuasvageuluina S MAE sawanas uazdien MPM aiindu uaziile
3Lﬂi’1uﬂmfﬂa LSTM+CNN_G3 ainainmaidenlumadiiing auﬁamau@amduimmﬁaﬂ CNN_G3 dmsu
ﬂamwu LSTM mmumaumnm wag LSTM_G3 dmiunguuias 1‘1/1?1'1 MAE mum‘waw 17 68 ey MPM pet
aqwamw 54.08% gn31 LSTM ‘Wumum 3.01% Waggend1 CNN ‘Wumum 5.07% msifisdures MPM fustan
nsutanguannsaandgmeanuardilunisvue Tnsamglutisiunltdusaiasuulag

Table 3. Experimental Results

MODEL
CNN LSTM CNN_G3 LSTM_G3 LSTM+CNN_G3
MAE 571 20.16 19.98 18.43 18.05 17.68
MPM 74 51.47 52.50 53.17 53.51 54.08
MAE (US dollar)  20.69 22.43 18.00% 19.01 18.00
GROUP 1
MPM (%) 4a7.27 47.91 51.45% 51.11 52.45
MAE (US dollar)  19.44 19.10% 19.28 19.14 19.10
GROUP 2
MPM (%) 52.11 53.31% 52.71 51.81 53.31
MAE (US dollar)  20.46 18.01 17.83 15.28% 15.28
GROUP 3
MPM (%) 55.83 57.08 55.95 58.33% 58.33

*The Best MAE and MPM in Each Group
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6.2 NN331ABINTLOUENDS

TumsussiiudnenmmsihlunalUldess Inssrassmsgevenesudyyraiismanluna HaUsINg
Filaea LSTM+CNN_G3 Tiinlsgagedl 1,870 aeaaniansy lnsdaidu 101.87% voaiuyuibududsgsninnagns
Fouardeflymls 1,501 ABARSANSY 0819TRLa

Table 4. Gold Trading Profit

Model Profit (US dollar) Profit (%)
CNN 776 42.28
LSTM 1,383 75.34
CNN_G3 1,757 95.72
LSTM G3 1,803 98.22
LSTM+CNN_G3 (Presented) 1,870 101.87
Buy-and-Hold 1,501 81.77

7. @3Unan13398 (Conclusion)

NNsUTeUigulsEaNSAmvadluaa LSTM uaz CNN dmsun1snegInsaloynsuiansnnmnesa lay
Tdiein MAE Yapanunaalndeudaiunm waza1 MPM faranugndesuesfianis wudiluea LSTM flugrud
UszAnSnmdndn CNN flugiudntios Taglsen MAE 523wy 19.98 war MPM Tasiiniu 52.50% Tuvaizd
CNN frugulsian MAE 5911 20.16 wag MPM 1331 51.47% aghalsfimunivastunadafuliaafiugudsdiam
Arudnfegtednau Iniamglunguuualiumiudsen MPM sindh 500

maunIEnsandymanuatilaeniswiingudeyaniuwwiliusateeniu 3 ngu wudinsuuangy
mauliusadwalilunasgts LSTM G3 uwag CNN_G3 fiaruusiugunntunishudwimauasiienis Tng
dethlueaivngauluudazngaunadrsluna LSTMACNN_G3 wudiluima LSTM+CNN_G3 1A MAE 5230
flanil 17.68 way MPM Taugaflanil 50.08% B9gendn LSTM Nugnufle 3.01% wazgendn CNN fugiufis 5.07%
wansiiuinsuuingudeyaaunsaantymanuadlunmsvhungldegaivsednanm

devsefiudnonmeeddumaiiiaundulumssiasinisgevenesasmudi luma LSTM+CNN_G3 &
Hulueafiendfoiinaus Tngliilsgeand 1,870 aenansansy Andu 101.87% vesfuyuidudu ageaniing
gnsdouariiofiliitils 1,501 aeaadansy eredaiau uandliifiudsdnenmlunsiiluussgndldasdunain
N3

8. 8fius18nan1333y (Discussion)
ﬁ]’mwamiﬁﬂmwudﬂuLmaﬁm"]uﬂﬁl,t,u'mzjwﬁ'agamuLLu’ﬂﬂmﬁﬂﬂwiﬁwaé’wéﬁﬁﬂdﬂumaﬁugmﬁ?u
aonARBITULLIAAYY Lin et al. (2021) A% IWiuinssuunguiuunauasdonislualfmnyaufuusiay
sUnuvaInsafinUszavsamnsyeld Ined LSTM+CNN_G3 dn MAE sindigauas MPM gefian agviouls
wiuindeyaamesidaianududeugaingAnssuiunndsiulundazgiana msiinlumaiiendieFeuinn
woinssundentusnalivanzaniian fanfunisuinduieisanmududouvestiymillunausazdondous
ililupaaunsonsadiuiaraniiaudnvazienzressasuultulfesediusy Ansamaniy
Sofasanemumnzavveduealuuiazngunuin nquentu faadsuszdmidsauumnasgugesnis
WasLuUaIIAge Feuansfemnuiuniuvesteyaiiiunn dawalvluea CNN_G3 Aiflanuanunsalunisadin
ArudnvazidAyndeyasunsuialéd wazimsudangudeyanounsilniunasnaaeu danumsnzaniign
dusunguil aenndostunuidoves Mehtab et al. (2020) Aiwuiiluina CNN fussanBnmmiiondn LSTM Tu
sndeya MnmTiezitoyangunsin wuididmdesuunasgugusanadslndeud azvieuinteyardu

[11 of 13]



—_—
May-August 2026, 4(2), e3550 Journal of Computer and Creative Technology =/ [-=r r—'= ISSN 2985-1580 (Print)

DOI: 10.65205/jcct.2026.€3550 Msasreniumeiuazmaluladainsassd Sl n 1SSN 2985-1599 (Online)

(Research Article)

ruustliifamsdnaudmalimnlanalinadnsindifissiu Insluea LSTM Aldlainisuusngudeyalvinadign
naugavinenguvIasliauiunIue luna LSTM G3 Feliusgansamlunisiseuisluuussesenidaiunela
wiugNgalunguil

v

wansAnwaonadesiutefunuyes Li et al (2023) Aiszyinluinauuy Recurrent Network siniadiy
Hymanuarilasenglutasiuunliudoyaiianisndus uaznisiiliea LSTM+CNN_G3 fif1 MPM geiu
wansliiiuinnsuusngudeyaanunsaantymanuardilieefivssdnsnm

Tuina LSTM+CNN_G3 fiinaueiidnsnmgdlunsihluuszandldass Tasdanaldanaalslunsdiaos
flgeaninagnsdounziiofs 24.6% oglsfinu Temsseinsetaiiddylunisldonuais Ao nansdranslu
q'm%%’EjﬁlﬁmﬁﬁumEfléfﬁaulﬂuqﬂmaﬁﬁ’lﬁzyiﬁud annsatonsomenesdiuiilaghifinnuadlunisdeids
wazannsevievedldidusounneilneliigmanmadewionafianasinUimunse Tnelueudu
Famste-vglutiinaiinneailiadeusasiannsato-veldauasuuimuitems

9. UBLEUBKUZIUIYY (Recommendation)

1. USuidsunseunanain 1 Yudu 1 daluemde 15 widl eusuiuaislunsdereuareniia
sUuuuliananunsodousldinnty

2. wmamuﬁmq'wﬁagaLﬁﬁ%'}ﬂﬂh 3 naw 19U MIuUsusEduANTULs eI (Tuuse 1Ty
gou V139 MadBU 11adUTY) LaztiiufulnaTugRamnafiianswaienmnesd wu fuiliiunaaniansy
Snrmenioulonts uasduilsnusiaa (CPI) itelilunaiFoustadoideanvgldfdau

3. yaaaddaanilnenssulunaiifinaududou wu Hybrid CNN-LSTM Model uaz Attention Mechanism

4. voaesnsliluaiuteyadu 9 19u 511U Sasuwaniddeu vislunusuduy q wu msviune
gaunql, musiau wazuaiuniseina udy dowAdaymeng q 1wy Jmdudwnedey Usunauaivly
91 1Hudu
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Abstract

As public organizations undergo digital transformation, efficient workforce mobility management is
imperative. This study addresses a critical gap in the integration of spatial tracking capabilities within low-
code platforms by designing and implementing a low-code geofencing architecture at Thasao Subdistrict
Municipality, Thailand. The proposed three-tier architecture facilitates real-time data processing using
Google AppSheet and Google Sheets. The system's business logic implements the Haversine formula for
geodesic distance calculation and incorporates error-handling mechanisms to mitigate intermittent GPS
signal instability. Performance evaluation via black-box testing demonstrated a 100% success rate across
predefined functional test cases under controlled conditions, rather than absolute system accuracy. Field
observations further revealed that real-world performance may vary depending on network latency and
GPS signal quality. Empirical data collected through purposive sampling from 20 off-site personnel
indicated a high level of satisfaction (Mean = 4.39, S.D. = 0.57), with the evaluation instrument reaching
high reliability (Cronbach's Alpha = 0.85). This research contributes a scalable and resource-efficient
architectural framework that reduces administrative workload and supports practical digital transformation
in local government contexts, while also highlighting implementation constraints relevant to real-world

deployment.

Keywords: Geofencing, Low-Code Architecture, Workforce Mobility, Location-Based Services, Digital

Transformation
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1. uni (Introduction)

a9y osdnsunasosdmviosiiululszmalnemdaundyanuihmelumsuimsdinnsminensyana
vinansgalldsus1ugadsia (Digital Transformahon)I%Lawwmamﬂmﬂwmaqﬂgummmﬂamm WU
mmmmﬁﬁmafaLLanummﬂaqﬂumimwmﬁﬁmm sULUUMIAIALUURANTI 9 Sudevioauny
aefiadle w drfnaudaunang wummwmaaqmuamammmmmqﬁyl,ﬂmmmnmLLavaiummiumi
Auvng suialianunsansvdeunnugnieswesumisuiRnulduuudealnl uenani ssuudufudnin
nalnasivaeuiiakuuisealny dawmansenuraninulusslavasysedninmlunisinnineu ludessuy
(System-Level Accountability) n13ysain1neluladuinisdainumisiiss (Location Based Services: LBS) i
geruuuimsnunisBianvsedind (e-Government) Fnduanudndussiiulumsnevausulsuiefinalng
wausegrulugusau

dmsunsdlfnw mauaduanen Jamingasing wuidsadddszuuenansnseanylunmstuiinnan
UftRnuuenaauil farelifnanuddeunasdefinnainlunsUszananadeyaveshenineinsyaaa s
weluladansaummnudtgdindnannsnsnssduaruuugilumsssyfitafufiufiRnuldededioddy
(Sarawan et al, 2023) uonand n1sad1edaiaiioudrenalulad Geofencing saufu GPS daidunalnids
aa'1{]mEJﬂﬁmﬁﬁﬂizaw%quﬂumiﬂaaﬁumim?maqna%muﬁulﬁmaﬁﬁaaas 95 (Chauhan et al., 2024;
Patil et al,, 2025) usi19zdemaiidasatamenieamlufiuiisuduyiauwidideddsunistansidanaia
(Shevchenko & Reips, 2024) waLﬁ'agsmmimﬂuiaﬁGT@ﬂﬁ'ﬂLfiTﬂfTULLW@G}W@i‘;J Low-code 191 Google
AppSheet %su"gEJLi'mwimiﬁwm%m‘mﬂﬁimL%qLLasLﬁumm%MEjuiumﬁmﬂ'ﬁ%a;gaﬂ'maumlé’mﬁa N7
mM3BeulusunsugUuuuiL (Rokis & Kirikova, 2023) ag1lsfiniu Ussavsaimveassuudanaidadueg funs
onuuvamilnenssuiiaunsnsesiuanubiuiusuresdeyaideituilldognamnyan

wilunannesulaildnvsiunumddglumsiaunszuuniasy nidnanuainisalun1sdnnstoyaids
Nuflvuelnguazasnaeuifndmadidesiin cAdedlnginfaisansduiini e Gps WuUAAeYn
(Point-to-Point) Ingwamsysanmsaninenssuilewudsiinuniusedeiianain Wy anumirevesadetne
(Network Latency) #30n15unsnusssuvinls (Location Spoofing) uenanil s 1uidefisutiuaudanguuas
unansefulaflAninazineifvesauusiugnieiui luvasinuiniuilemudaddnndusoseden st
wuusadnfifienndudougs fdu Fufindecianmsideiiddyluniseonuuuantnenssugeniniiiamisa
ysmnsaudavguvodtafidadiiuauutiugivesssuussysiumiadeiiud (Spatial Precision) ldogsd
Usgdndnm

Fufionatlanddesitsdandm uddeiinauensevantinenssuilowuduuuladafioonuuuls
sesfunsUssnanadeyadsiuiivuuiSealminglideditavosanmuandonads Tasitumsnaunsangnis
fuuszazvng nalndnnstefianannvesdayan GPS warlassaisdeyaiisesiunmsvenesiluoman nuide
fRajatiunmsuitguiinudniunisidedsi 1) antinenssuladldaiiysanmsessngdlomudadmiunsaiim
UftReu mstimseenuuulassaiuasdanesfiunsusznanasgislsifieliinussavsnimgegn way 2) svuy
andmenssufinmuntuiaussausdanafinanmsmadeunuunassdi (Black-Box Testing) LazTzAUAUNS
wolanngldnuaseegluseivln lnoyamddildfunuuidsaninenssuiianunsadssendliuazvonaluuium
yesesAnsUnAsesdILTiBsdulig By

2. IngUszasAsuITe (Research Objectives)

2.1 iiseanwuusaziawiandnenssuilewmudwuulailén (Low-Code Geofencing Architecture) 7i
Uﬂ'ﬁm’]mi(ﬂiiﬂ%L%QﬁuﬁLLﬁﬁEN%JUmiVT’N’]uLLUUL%Hﬁl%ﬂ@&hﬂﬁﬂiza%%ﬂﬂw

2.2 \levaaeunasUszfiulszaniamdminfivesssuusemaianaes (Black-Box Testing) Tagld
7 n SN AL EaTRINEIMAAE ULAZI AN UALBIUEISEUL
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2.3 wieUsziuauitenalaveslldeuluannzuindendis ludnevaznisdnyidadises (Pilot Study)
MEEALTNT T

3. MIMUMIUITTUNTIULAZNAuTItieTaa (Literature Review)

aqtiussAnsunasesdusiesiu (eUn.) dutiumsidsuringizuiaddsia iilesnsefuussansnmnns
UImssniswiuau tnefiszuuuimsnineinsyaraidunalnddglunsmiuguanisufifauninauiy nns
WasusuiuuMnaymasauuUsaislugszuuAitarisrdatymarudiussiuenulusdalunssuiuns
n3aoudeyalfediadidudiey egrdlsfio uiunliumsssgndlmeluladftvaos fuguegiwioniios us
MIYIINIANANNTIR U ISR s uAE T usTULUS I IS e sy Arad snaides Aavisluide
andnsnssuuandamseanuuuszuy el lEnsduaTginunsuiiietoaitedmuansouuuidn
wazuuamdluniseenuuuandnenssussuuiianninsesiunsussinanadeyaideiuildogredussansam
il
3.1 szuvaaazmalulaglawude (Geofencing)

welulad3lomugsvimiifiadrswouiwmaiiou (Vitual Boundary) Sefifamagimandiitenseiunssns
M3vhaudalud® (Patil et al., 2025) lagmsysamIseuuiindTuivwugesseydumisutamnivivuge
Winnnausiugilunsnsaaeusaulaz dosiunsyainasaunuiulagsisiosas 95 (Chauhan et al., 2024)
ﬁﬂﬂﬂ@]&lﬂﬁimaﬁﬁ’nmﬂﬁﬁgﬁﬁﬁLﬂuiﬂﬁﬁﬁ%ﬂﬂﬁﬂﬁmﬁﬁuﬁ%uﬂ?ﬂﬂﬂﬁ@ﬁﬁ’ﬂﬁuﬂa’lﬂiL%ﬂﬁdi%UUlﬁﬁﬂﬂnﬂﬁuﬁ
U0Rau (Sarawan et al, 2023) Taiinisnaasudoulviiuilaefodane3iugns Haversine iilenszi
seornsseninsiidatagtuiugaquinans faduguuuunisussianaiimanzanegadsdmiuszuuasim
Ufufaueaulal (Al Farisi et al,, 2023)

ludsanrdngnssy daneiiudenanifideldiuisusiuanuiisuitglunisamuinuazaiuisaiily
UsggnaltlussuuiidesnsmisnevaussuuBealminglitedidaveminensysyanana
witedtnduan nuIndeunsnIenenvE AR enL ks svesd U uT Sude1as (Shevchenko &
Reips, 2024) Lwimiﬁeuuﬁ:uuﬁﬁﬂalﬂﬁmmﬁaﬁdaﬁﬁﬂizam%mwa%w%ﬂmLaﬁaimwmiﬁ'mulﬁ

oeslsfiny swAdediulngSajatufivsmsifiuanuwiugwesmsseyiumidusysusanesiiu Taods
nMseenkuunabndanisdeiianain (Error-Tolerant Mechanisms) flanusasessumuliuiuouve sdoyay ol
GPs luanmmndeuasldogaduszu lasnssuaunsiugruseneudemssinusveuiwaiuil msfianu
funs wazn1smavauewarieuly fuansly Fisure 1.

Inside Geofence

A ©

Checkin Point / Outside Geofence

e

Figure 1. Operational Workflow of Geofencing Technology

[4 of 20]



—f
May-August 2026, 4(2), e3674 Journal of Computer and Creative Technology I==f I‘-_I f ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3674 Msasreuiimefuazaluladainsassd S/f’?’ i ISSN 2985-1599 (Online)

(Research Article)

3.2 nsnaudleaatlngnssuladldn (Low-Code Architecture)
uwnasefalaildniduiosdleBanagnsitisanszoznamsiannvendwsuaziinanudaveuluns
U$uiueassuuliaonndaeiuANABINSIaNEN1998989A NS (Rokis & Kirkova, 2023) WuIneh9 1897
Fnsiasurinuensdeulusunsudugs TnedelomaliyaainsluseduufoRnisaunsaoonuuuuazasnessuy
Frawden1svheuiidanududeuldsenues Branninghaus & Racker, 2022)

Tuyuueaddemnssugandwis andnonssulailaniiyawiuay Aglity wag Rapid Prototyping weilu
vuziieuiidedialuinunisauaunssnzidedn (Low-Level Control) wagn1sdnnisdeyaidsdeusuiniveg

Tuusunesesdnsunasesdiosduluussmelng uwanesu Google AppSheet lmsumiwawummu
UiuamﬁmwaﬂumiﬁmmimauamﬂamuLLaumm’lmimwﬂauameuwmuiuwﬂmm mma‘lwmiﬂsumama
wazLaRATinULHLTVI FeeeTInuazusiugl (Ngamsong et al,, 2021; O-In, 2024)

og9lsAny uAdTeiifeydujsriunsldauludnuue standalone application Ingvinnisoenuuy
aninenssuiisessunmaUszananatoyadsiuiuuuidalmiuasnsviedwesssuiluseduesdng (Enterprise
Scalability)

3.3 989919N152398uazAUNTS (Research Gap & Contributions)

NNITNUNILITTUNTIUT A BIT 09 Fauansly Table 1. ?;TﬁLﬁuﬁnﬁu'aq’iwmdamﬂmamwﬁﬁﬁm
nanfe suuiifegluilagiudslidnuarusndrumsihanussninsanuasssiivesunansieulasldniuainy
wingwosmalladdlowuds wiasdinsiauissuvasiaiseulatifieldiuluesdnsegaunsvane udszuy
éfaﬂa'nﬁnﬂwm@mé’mmzmiaﬂmuﬁﬁ’m%qﬁuﬁLLuugsmmi (Sarawan et al, 2023) lumsnduiu uimnssud
Jatiuaruusiugduilemudainfennssuiunsdeulusunsuuuuiadu fadelmAadununisiauniigs
ANuFugaLTAnAn wazunaudavguluNTUSuLEdaanATeITUUTUNYRINUUIIM IS NEINTYARA] (Patil
et al,, 2025; Shevchenko & Reips, 2024)

Table 1. Comparison of Related Works and the Proposed Architecture

Low-Code Geofencing Data Public Sector

References . Key Limitations of Previous Works
Platform Technology  Scalability Context
Sarawan et al. Lacks dynamic spatial tracking
Yes No No Yes
(2023) features.
Rokis & Kirikova Conceptual framework without LBS
Yes No Partial No
(2023) focus.
Patil et al. High implementation cost with
No Yes No No
(2025) traditional App.
Shevchenko & Complex integration, not designed
) No Yes Yes No
Reips (2024) for HR.
This Study Addresses integration and
Yes Yes Yes Yes
(2026) scalability gaps.

Lﬂaﬁmimﬂuﬁqmié’amiwﬁadﬁmmi ANUTDTUNLUINATHRUSEUURBNL T uaBINSY UL A
vdn 1o (1) wmeiidiunmdaveuveaunanefaladldn uas (2) wmeiiiuauuiugwesszuuilowiu
9 ognalsfnu Weaeaumedinssiiuluogauendy dmalissuuinauiullannsaneuauswiaduay
AGDIRT AULUUGT LagANNELNTAIUATVEERILANT DU

uen1nil nseuwIAanIAuILUUTaflAnd fogifudaianisoanuuulassairetoyaiisesfy
aruannsalumsveneszuy (Scalability) sgnadussuy vliigyidedneamlunsihgedoyadsiiuiludeson
sgmallAnsviumiliesteya (Data mining) LﬁamﬁLﬂiwﬁ‘wqﬁﬂﬁmmiﬂﬁﬁamﬂuamﬂm (Rokis & Kirikova,
2023)
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o Fosi19msAideTiddnTaegfiniseenuuuannenssuuuy s (ntegrated Architecture) 7
ansaudeulssnnuannsnvedafldndfunsnedlomuds wiewissesiudeditavesanmuindonads i
AMAUNLTDUATOTIBUAZ AL AR IALAR DUVEIF YL GPS

nATeiEajdnterhefnandonstaueaninenssuysanmsinauanudanguuedaiidadiy
Anuusiugivesilamud wiouiimerngulassaddoyalisesiunisveed seulandmslduluuiunyes
osdnsUnAsesdLTiBsiulsoEadugUsssunasdedy

Tnennunsvesuidedamnsnasuléidu 3 vssnns 1dud (1) masenuuvaminenssuautuiisesiu
mMsUszanalaiufivuusealnd (2) mswawnalnasageuiitaiinumusedefianainvesdayaa (Error-
Tolerant Geolocation Validation) waz (3) m3nslassairsdoyaiisesiunisvensszuuiazm ey itvoyalu
auAn

4. NIDULUIAANIIUITY (Conceptual Framework)

animenssuvesszuugnosnuuunelilassaiisaniiinenssuanusedu (Three-Tier Architecture) Fady
W adsantnenssudigisuenainusuinyeuvessuy (Separation of Concerns) 881399ALAUTENI19E Y
fastodld assngnisuszanana uarnisdafuteya il ewfiuussdns anlunisuszinanadoyaideiuivy
uwannosulafldnliliadosnmuazsesiunsvensiluouean SauisannisensUssananaugUnsnindoud
wazifinALanansalunisthzesnwseuy (Maintainability) fauansluy Figure 2. Tneilsieazidonniseonuuuids
wiiiiadl
4.1 Yunsthiaue (Presentation Layer)

drudndoy ldgnimuisuunanasy Google AppSheet v ugaufduiusudnuugunsal
wndoudl lasszuuaziuiingiimansiarigauaransdgannsueesszyiumisvesasnsnlnuuuuiFoalnsd
wienUszananansianimaaaLznsasIaU foRNUR U uLansHaisnuuINlanunde e sl daw
nAE

uenani ﬂuumiml,auamaﬂaaﬂLLUUIMsaqsUmmsnaaummaﬂmaqL.U a9 uvetaya (Input
Validation) 1w nsnsemeuAfiAatdua1dns (Nul mamwaauaﬂmqmﬂulﬂlm iitedostunisdedoyad
NG]Wﬁ’]G]L“ZJ’]ﬁ“UUG]ﬁﬁﬂ”WNﬁiﬂﬁ] Fereifinanidefisvesszutlagsiu (Data Reliability)

4.2 wmsnsmaqm% (Business Logic Layer)

n3sNEMIUsEIANandnefdanesfiugns Haversine lunsAnnaszeznsuuialaniifienulfaszning
sundstaguresliiuanaudnatvesveuisnaion (Al Farisi et al., 2023) IngsyuuagyinnisiuSeudisusn
srppaiisnnald (d) fusaiiuiiuiiRaudidmn () kaunaln AppSheet Expression

Tudansangnsinaula (Decision Logic) svuuansademieulvldluguuuuiaitudanssngdsd vn d
< r szuuaziiegldnuegnigluveuivn (Inside Geofence) uareugrnlaidun1stuiinial uavin d > r
sruvarUiasnisiseniswazidaseugldauliuiuugeiidalug vnnuadnsuesseuenie (d) Sateeniivie
wirduSedifidsun () seuuaznszdunsruIunsiewsalugia (Automation Workflow) tiletiufingsnssuuas
dssudafiouriuil FedanesfusinandneaziBends auns (1)

d = 2R - arcsin (Jsmz ( 4)) + cos(¢y) - cos(¢p,) - sin? ( A)) (1)

laef  d Ao S¥EENeTENINGERITn
R fAo Srdlvadlan (eguszane 6,371 Alawwms)
b1, P, A0 AzAYAVRIAN 1 waz 2 (Mhiedusifiew)
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A¢ Ap AVUUANAINYBIREAIN (P — B;)
A2 B ANUUANGNVDIABITIN (A, — )

WiaLiLAIUNUMNLTEITEUU (Robustness) Aloan1za3fiiarliutueuvesdaa ol GPS seuudisy
nalndmn1sTeRanaa (Error-Handling Mechanism) L3 119051380 UAIAIULN UEIUDINA R (Location
Accuracy) Uag miﬂgLaﬁmmmwmmmLﬂaauaﬂmummwmmm roudhgnszuunsinduladmssng B
maammwmaaa‘uaamsuumﬁuauamlmﬂmaﬂ,uamwLmaauﬁﬁﬁmmmumu (Shevchenko & Reips, 2024)
4.3 wmay‘a (Data Layer)

msdnnsgudeyalilassainaues Google Sheets iladaifiudayamumdnnisuvudiassnnuduiug 3
Usgnousengumsnsdeyandn Téun veuumuiiénsds UsziRnistufinnm uasdeyayeains
lassasndoyagnesnuuulisesiunisvensd (Scalability) Insuenn1s1steyaidegsnssu (Transactional Data)
oonIndayasnids (Reference Data) a8 utaiau iloanaus eunaziiuussansnmlunisfedeya (Query
Performance)

mseenuuvannenssufiuendutudeyasenanduissinanatasanassnmsiauuugungal uay
Snnmnuauysaivesteyaiunisifanuigalduiluannziieioreidedin

uennd mafmifudeyauussuuaanddudodemsysannisiussuudulusunan (Wu HR Systems,
Analytics Platforms) i 1usnsgiu APl 4 i utfadedrdgydonisiaurszuuluseduesdns (Enterprise
Integration)

Presentation Layer

e > @ Get Coordinate Q
: > < > SR S
@ swmit J b

MR :itendance
Application GPS Data Fetchin

User PP 5

Business Logic Layer Send Current
Coordinate
__Operate when
In-Zone
Automation Workflow 9
#
- /ﬂ%\‘ Calculate
Sync Attendance i Distarice Geofencmg Logic

Data with Radius Check
H Haversine Formula

Data Layer

Database

Figure 2. Three-Tier Low-Code Geofencing Architecture
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5. A5AMUU9UIW (Research Methodology)

s uTumInelisnefansuy (SDLO) wuuelad (Agite) mugfumsUssifiunaifesedng
Lﬁ@lﬁaawﬁmEJﬂiimawG‘fm{ﬁmmﬁmm'uuazmmmmauauaqﬁa%mﬁﬁ’mmamamwié’aéwimﬁa 1ng
nsrUIuNTIdegneenuuuilan v MmN IuVAas (Engineering-Oriented Experimental Design) ) Liteli
asavenlé (Reproducibility) uazmsradeuldideUsydny Tnefdunoumedemnssusied

5.1 NMFAATIZARAZDDNKUUTZUU (System Analysis and Design)
n1seonwuuan1daenssudlowudawuulasilams uauainn1siinsieddanmunssuy (System
Requirements) §sUsenaudiederuuadiuniif (Functional Requirerents) liun n1stugufnuriu Google
Authentication mnsaaapufitadsiiuiiuuudealml warnsudafeusnluif® mugiudernuaduanssous
(Non-Functional Requirements) fiitiuaauanunsalunisaenena (Scalability) szuuuuaaIs n15nwiam
Uaonduruluslnaoa HTTPS (OAuth 2.0) LazlIa1nauaLDII0952 U (System Response Time) Tunszuiuns
FeffawarUszananad dosiauliudnadanielu 3 Jund uenand ladnsimuanasidalsunn
(Quantitative Criteria) dusunsuseiliudsedvinnvessyuvairminegaduseuu 1wy ssevnamovauss (<
3 ui) LLawmuzj_]ﬂﬁawmﬁ"auim%dmiiﬂzmaﬂﬂaiﬂ?liaLWu%q Feviwthildu Baseline dwsunisvaaeud
Wil (Functional Testing) lutuneudaluuazlfihdermuadinanuiaiawuusasmginssumsinuves
BONALITIINGAHIUNIY UML Lﬁaammmsg’leﬁauuamﬁmmmLL:u'u&TﬂuﬂﬁgiMﬂﬁizUUé’ﬁhﬁﬁ (Tang et al.,
2021) fail
5.1.1 wunngaad (Use Case Diagram)
mseeniuumelindnnisiunenaaant (Actor Generalization) ileanaugdeuveanszuaumsiding
svuu Toeduundvinisldorueendu ¢ unumvdn leud
1. wiinau Svehiiasnaiufofeu neinseseaeuanuaenfoveasatu nmaaeuiiiadums
wazddandufoudnlutd (<<include>>) warszuuaudafieumniitnindouly (<<extend>>)
2. mihiidhoyana simihiidansteyaiidadlemuddaesunsnyadeuanugniesesaiiii
AoulaNe (<<include>>)
3. WINLHUN ﬁmﬁfﬁﬂimﬁus’lm’majﬂLLazdﬂaaﬂ%;ﬂaﬁmuéfadmi (<<extend>>)
4. HAUATEUY v‘hwﬁﬁﬁ%’@miﬁﬁ'agawé’ﬂ
Tassadadanangisliamnsausnunumdsmiing (Functional Separation) wazanAuidesdnuaIny
Unensevastoya (Security Risk Mitigation) laegnaluszuy
fauandlu Figure 3.
5.1.2 wNun Aang (Class Diagram)
aiunslANuduRuswuUTINNGY (Aggregation) iwdwaﬂﬁﬂmazgﬁ%muLﬂ'a%’ﬂmmm@ww@a
lasea$ne lnsaanadeayanisasian (AttendanceRecord) gneenwuuliuendnivaiazigauasanidgnegi
Farau wienrfumnuduiusuuuvilsonda (One-to-Many) Lﬁa%fﬂmmmauyiiﬁmaﬁaga (Data Integrity)
uenanil Tassadredoyadnandagnesnuulifsesiunisvensd (Data Scalability) wavanunsaroseng
ﬂ’]ﬁl,ﬂ'ﬁ%ﬁ‘ﬁ@gal,%ﬂﬁuﬁ (Spatial Analytics) Tusunaale Asuanslu Figure 4.
5.1.3 WHLATWANFUTUABUANSINGIL (Sequence Diagram)
nsUJduiussenieesiusznousg 9 vesszuu Tngduunassnznisanaulasendu 2 duniandn eun
WEWU9Und way idunisdanisveRanain lunsaldnnisteianain szuvazldninuuaug (Accuracy) 210
Geolocation APl i usauwusidadauluifi v Lﬁaﬂiaﬂéﬂ'aaﬂaﬁﬁ’mﬁ'ﬁmwmammﬁlauqa (High Positional
Uncertainty) faun1siufingsnssuuuimisdanangisifiuninuyndedovesioya (Data Reliability) neld
Fodfnvosanmuindonass 1wy dyqnos GPS Aliiades fwanslu Figure 5.
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Geofencing Attendance System

Login via Google OAuth

View Attendance History

<<include>>

Submit Attendance

Verify Location
(Check-in/ Check-out)

Staff

<<include>> ! | <<extend>>

Send Email Notification

Notify Location Error

Authorized User

—

HR Officer

<<include>>

Validate Coordinates

Manage Geofence Setting

Manage Employee Data

<<extend>>

View Summary Report Export to Document Files

Department Head

Manage Master Data

Admin

Figure 3. Use Case Diagram of the Geofencing Attendance System

Department AuthorizedUser AttendanceRecord
- deptD : String # userlD : String - recordID : String
- deptName : String # userName : String - timestamp : DateTime
0..% | # email : String #| - logType : boolean (Check-in/out)
+ getMemberCount() ) ) ! % (s
# devicelD : String records - recordedLat : double
1 . - recordedLng : double
+ login()
aggregates
+ logout() + saveRecord()
+ authenticateSession() + sendEmailNotification()

T 1

)

Staff DeptHead HROfficer Admin
- position : String - deptD : String
+ checkin(lat: double, Ing: double) + viewSummaryReport() + manageGeofenceSetting) + manageMasterData()
+ checkOut(lat: double, Ing: double) + exportReport(format) + verifyAttendanceRecord()
+ viewAttendanceHistory() 1
*
assigned to
GeofenceArea

- arealD : String

- areaName : String

L manages
- latitude : double 0 S J

- longitude : double
- radius : double

+ validateCoords(lat: double, ng: double) : boolean

Figure 4. Class Diagram of the Geofencing Attendance System
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Staff Database

Mobile App Geofence Controller 8 Email Service

! 1 checkin(lat, ng)

2 validateLocation(lat, ng)

Y

alt ) | 3 Error: Weak GPS Signal
is NULL
is Valid 4 fetchGeofenceData() 5
e 5 geofence data & radius U
6 calDistance()
alt 7 saveRecord(userlD, timestamp, ; :
<=radius Lolng)
8 sendEmailNotification() J
9 Success & Notify User
> radius
10 Error: Out of Zone

11 Display Result
£ play

Figure 5. Sequence Diagram of the Geofencing Attendance System

5.2 NMISWAILIIZUU (System Development)

mswawsruusfiunsaeldanidnenssulalén Ineldunannesy Goosle AppSheet vimiidiifu
AIULAAINALAZAIAIUANATING (Front-end & Logic Controller) viausiuiugudeya Google Sheets (Back-
End) uaz Geolocation APl MsidenldanidinenssudanandingUszasdifl etfinannund ssdrluniswaun
(Development Agility) LLaxamﬁ'unumiﬁwu%ﬁlmﬁﬁmﬁu Traditional Coding Approaches (Rokis & Kirikova,
2023) Inefinszurumsmaimnssusenduad 3 tusou liun
5.2.1 maa1studiaya (Data Layer Implementation)

1A39a519310 Class Diagram gnuvaddumsisgiudoyaidaduiug (Relational Database) uu Google
Sheets lngUsgnausedayanan laun Jeyaunains (AuthorizedUser) uagfifinueuian (Geofence) 53ufi
feyaganssu (Transaction Data) 17 A519ufiniian (AttendanceRecord) iterdulassadiiugiulumsdniiu
foyavealuszuu Tassadegudoyagnosnuuuliisesiunis Query uuuiFuall uazanaudideuvesioya
(Data Redundancy Minimization)
5.2.2 nMsaunalnIlamude (Geofencing Logic Control)

szuudfiumsaineduiiadiou (Virtual Column) WitesurfitauuuiFealsl Tagldilerddu DISTANCEQ
Tnonssnznisindulagnimualusuuuuieuludsadnemans (d < r) 33 d Aaszarnafiduiaann Haversine
Formula wae r AesAfivesiiuiififuua uenainil svuudedimsdanisteRianann (Error Handling Mechanism)
WU M3nsIaduA NULL waznisnsesAfidndidanunainiadougs iedesiunisdufindeyadiligndosly
anmedaliiaiios Asiegnsinailu Figure 6(a).
5.2.3 NTYIUIN55EUUIALUITR (Workflow Automation)

NIINAIUINTEUIUNITADUAUDIDALUNA (Automation Bot) muansulu Sequence Diagram lagfinnun
AnseRu (Trigger) Tihewiuiidletufinnandnda ssuvasiSenldilaiduniu Gmail AP Lﬁadmé’ﬂg’mmsﬁﬁﬂ
Tuganinauuagimiununlaedaludd eBusunnugnies fauansnisaalu Figure 6(b). m3uszgnifld
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ao1Unenssunenan ldiiesriganszeznalun1siaul wndwinlissuuiiddesninuazauisansiageu
dounauld (Traceability) MUNINTFIUAINATDINITNMUITLUUAITAUNATIAVDIANT NTLUIUNT Automation
gneanuuulivineuiuy Event-Driven Architecture Favawan Latency waziiiunuaiunsalun1smauauaewuy
Near Real-Time

sistant m
Expression Assistant = I W.N.,,“JDWW B @ B =2 % [<] m o H
App Formuta for column New Virtusl Column © 7 Bots @ Q Q + i Newbot H 0o @ 2]
DISTANCE({emelatlona], [checkinplacelatlong]) B New b £ 4 0
B ® e ¢
i
? o}
a Test B B " E
4 udaifiau il
Examples Data Evplore
0
=] [+ R

Voth  Tod Tme  Cowmns ste Dasplites  Other able: Checkin

Custom lask

Appe Script Projsct (2FSHELT CoRE

1aohd st DWAGIS) B O

-

(@) (b)

Figure 6. System Implementation on the Google AppSheet Platform: (a) Geofencing Logic Configuration

via Virtual Column Expressions, and (b) Automated Workflow Setup for Real-Time Email Notifications

5.3 MInAgaauLkarn1sUsEliudsEanSnIn (System Testing and Evaluation)

nuATbiflesusonnmsguesaniinenssusruy lafimsaliumamegeudamaiiamugiunisussiiu
Fasgdngedraduszuu Tnsnseumsusadiu gnesnuuuliinsouaquinisnagounigldanmuandeuaiuay
(Controlled Testing) wagn1snagaunIAauy (Field Testing) \iearieuaussauzvesszuuluus unnsldaui
wansinafuagmINay
5.3.1 MsnaaaulBawtif (System Functional Testing)

anduniseigmnaila Black-Box Testing (Pressman & Maxim, 2020) N1snaaaugnalvidunisanels
ammmé’amﬁﬁmimw}u (Controlled Environment) Tnafiuun Test Cases 973U 25 5180113 WazALiuns
nadeudluvatssoy (Multiple lterations) Liteifiuaauindedovowadng nanismadeugnateauluguuuy
“Sn31mIUd 15909 Test Cases (Test Case Success Rate)” unun15M#in Accuracy wioasioudnvazaes
MsUssiiiugailanduagramungay
5.3.2 Musziliunadeuszandangldeu (Empirical User Evaluation)

nsUszilunaniiunsluanmuwindeunisldnuaie lnemmuanguuszunsdtuau 80 A LavAniden
naNFeg1sILIL 20 AU Fsvunaiegafinaidneglustdumsfnuminses (Pilot Study) Mivsnzadmsums
naaouszUUsuLUUluUTUNYeImNTIITeNi S B sUsnd in3esdeldlumsifudeyafouuuasuanmam
dauuszanaa (Likert Scale) uonmilaannmsiiaszsiadfidanssamn leun Aiads (Mean) wazdrudeauy
1P5g1U (5.D) faiinmsRiansananuaenadesvesdiney (Response Consistency) Lilaawviouanuindefioves
wonssumIneunuuasunuluseduglFeuaie el mafanumanisUssdudassdndlddniunsnegld
Uunestedfnluanimuindenis 1wy anuadesvesaietedumesidnuazaunmuesdayans GPS 9391
damarouszaunsainslinuuazmnuusiugwesssuy iendnidssnsasunaiiuveuiun (Overgeneralization)
uaziinamsouasuluNsAnNLHAdNEITIdY
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6. Wan15238 (Results)
6.1 wan1seanuuuLazianaadaenssuilamuduuulaflfafiysuinisassnsdsiuiiuazsasiunis
auuuisealngd

nanTAI ST AU o RN udei uidsanieenssuilemuduuulailén wudissuvanansn
enldaenndesmudeimundamiini (Functional Requirements) Inefiswasidsnnisvhaudanadadisi
Tnenadnsisenuluduiasioumshauresszuuisluanmenseuau (Controlled Conditions) uagnsld
U334 (Field Conditions) Litel¥ilfiunmanssausvessuuegeseusnu
6.1.1 nanmseanuuUdIuNIsAIUgUM T fenazdanstoyandn Tudutayauazdunisinaus (Data and
Presentation Tiers for Access Control and Data Management)

szuufimssuunansglénu (Authorization) sihunsBudiufnusie Google Account Tnsuanauymsly
$UALUNUIM (Role-Based Access Control) fauaszuuiagidmididneyaraaansadnnisgiudeyaninau
wazimunve U NLTURTRY TnonsseyRdnasfgauaransigasauiunisivuniad iieldidugasnedu
NM3ATIE@OUNAANTNIU Aauanslu Figure 7. Iﬂiﬂﬁ%’ﬂé’fﬂﬂa'n%i’g&Jslﬁmimmuﬁwél,l,azmﬁ@mi%yjaﬁmm
Bomgu nouasesfumsvetefvesudifiulussiuosdng

emplationg

17.612035,100.115878

ugun

Cancel

Figure 7. User Authentication and Administrative Management Interfaces: (a) Login Screen with Role
Selection, (b) Main Menu Based on Authorization, (c) Employee Data Management, and (d) Geofence
Coordinate Configuration

6.1.2 wan1saLInTINsdsnuiiuazn1sasia Ui nuwuuSealns Tudunssngnnegsia (Spatial Logic
and Real-Time Attendance in Business Logic Tier)

donthnudgiuiuioinuiidmun ssuuasdenliftidunseasuitadagiudieudsutureuin
iedlounuuSealn vnmswnuieulunssnelowiuds seuvazdudumstufindeyanan (Timestamp) wiewds
msudaiiieu (Push Notification) wagndngrunisaanansiiu Gmail AP LUdsgifetesviud dauanslu Figure 8.
uenanil sruudfimansaeurmmiuauysaivesdeyafita (Data Validation) nounstufin ietosfunsdian
fiftaliauysaivdodyana GPS mavnedany uonntl stuudiausassinanatoyadunsnuasiuay
wansfiiadoundauuunud 1ienulusdalunszuiunisnieseuredssdns Seiwatuayunisnsaaoy
founds (Traceability) wagiimaulusslalunmsuimsinnisynaing
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e « & Emme AR —— -
8:40 and27 A I:Q-;

M fu 3
msasoanidaoeas sn @

150.n,2567

amidian

17.608654, 100114371

.

Cancel
Cancel

(a) (b) (c) (d)

Figure 8. Operational Workflow for Location-Based Attendance: (a) Real-Time Geofencing Check-In, (b)
Automated Email Notification with Location Link, (c) Historical Attendance Summary, and (d) Spatial

Verification of Recorded Timestamps

6.2 namsmagaunazUszfiulszansnmiBwithfivesssuudemaiiandasd (Black-Box Testing)

n1sUspduAugniesremssngn1sinuldinadanisnageuiuuna e (Black-Box Testing) anu
UIATFILAMINTIUTONALIS (Pressman & Maxim, 2020) LilensaaaounadNsTineuaussien1steuteya n1s
naaauAsauAgy 5 Tugandn lawn 1) Msdududnudngszuy 2) Msasnandhnuddidn 3) nsadialesnai
4) szuvddiaudaousnlulia uaz 5) MmsUszuranasieauasy lnedduudldnudiuiu 5 518 Saunegey
pudnIuN1IaiTIaeq (Test Cases) SIVaaw 25 Tensnadey wansmageuluaninuindeuiiiinisaiuau
(Controlled Environment) U1 szuvanansasifiunisldnsmunadnsiiaamiansuiis 25 1013 Aadu
dnTmnudnsavensdineaeu (Test Case Success Rate) Soeaz 100 fauandlu Table 2.

oedlsfinny Andananagviouaussouzvessruunelddeulumanaasuiidmuaibu uazlimsianu
Induanuuiudranysallunnaniizn1stdanueds egslsini mnnisfvdeyadasydndlunmsihszuuly
naaodldnuaisiiuiininaus (Field Testing) nuin uwinssngeniuiiazinnuanysol uimudussvesnisas
nardmadsiumutlateneuensgiitoddy Ineamzanuadiosvenaietedumesidnlfaeluusiui
YaumnAvIasIuannal deneliAnaiuniag (Network Latency) Tun1si5enld Geolocation API dswalifiiin
anuasaiadevlumsisiitn GPS davmy luunansdinuiglinudenhmenissuielissuusuinnidais
Aruiugufismenaunistuiin faasveudstediiavesszuuiitueg funmamuesdygmnieuon vad 143
n1seanwuunalninn1steRanana (Error Handling) \iedestudefiawainfionaaziindy 19y n13nsI9deuan
WiAde (NULL Checking) uagnsUsdulvigldsinsysmumianeuingsnssy

Table 2. System Functional Evaluation Results Based on Black-Box Testing

Test Success
Test Module Evaluators Expected Output

Cases Rate
1. User Authentication 5 All roles (N=5) System grants access based on user roles 100%
2. Location-Based Check-in 5 Staff (N=2) System accepts input only within Geofence 100%
3. System Check-out 5 Staff (N=2) System records out-time and updates DB 100%
4. Automated Notification 5 Staff (N=2) Email is triggered and sent successfully 100%
5. Dashboard & Reporting 5 Admin,HR,Head (N=3)  System displays accurate historical data 100%
Overall Performance 25 Total (N=5) All core modules function correctly 100%
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6.3 nan1sussiliuaunanalavasldauluanitzuaadonass Tudnwuenisinwidaisaes (Pilot Study)
AganABaNTIIUN

nsUseliuralaseIndannguaieg19d1uIl 20 918 Tnglduuvasunuunsnadiuuseanuen 5 seau
§ sfiAnmnud ey (Cronbach’s Alpha) s 0.85 (Hair et al,, 2019) 41U 49 d9auaonndoinieluves
i3 osdlelusedufiveusuladmsunisAinentises (Pilot-Scale Study) Han1sitasevidayadiuunmussiu
fafiuansly Table 3. wuingldnufienuieneladeaninonssussuuluseduannianniian Tnefuanusiuag
Uaenste (Security) I#¥uazuuulssifiuadogean wonanil Welieseilussdumededniu wuinnunnd
9995¥UU (Mean = 4.70, S.D. = 0.46) mmqﬂéﬁ’aal,l,azﬁméﬂ'ﬁﬁwﬁﬂsﬁaga (Mean = 4.60, S.D. = 0.49) Tunn4
nduiu Ussiiuduanuaisnuuazanudiladievesdiuindedld s uazuuusiign (Mean = 3.85, S.D. =
0.59) HadwsFInanAenndesiutadunannmaneaeunpauL it idu gl duusduseddsresinanly
msUsuireguuuun1sldnuvesssuutvianasazviouliiuidenmalunsimuisi Usability lusuimn

Table 3. Summary of user satisfaction levels across four architectural dimensions.

Evaluation Dimensions Mean S.D. Satisfaction Level
1. Performance a.47 0.48 High
2. Functionality 4a.47 0.49 High
3. Usability 4.18 0.64 High
4. Security 4.57 0.68 Very High
Overall Average 4.39 0.57 High

6.4 nan1sUszliuysEAnSamilSsuiisuiBeanuduAvamingans

nsUsziiuauAnABmInensaiunsiagsuiteusyrinannenssulaiuguuuunisinay
W AnmsgudayaninaunInauId g 5 518 Kan15ATIeRkansliiiugg anval Check-n 910 10 w1l
wide 1 Wil (~90%) anatasusneauan 1-2 fu wmde 5 il egalsiniy Anisanasianaradunisusyidu
nnguiegsuIndn wazmsinuluuiunvesnsfineidieiises (Pilot-Scale Evaluation) lusmuduyu an
8N ~100 km/Aw/idieu Usenda ~400 un/iieu

ievimsUszananisiBavenesa (Extrapolation) Tudmiinnunieaua 12 518 wuin ansnsnandunu
FowasldUszann 4,800 umselieu agrslsfiny miﬂizmmmié’ﬁﬂéné?aagjuuamuagmﬂuquﬁﬂﬁumﬂ%
suitadiaueforaunnaiuluuiuntesesingdu deyadnandliiiui ssuuddnsnmlunmsandunuias
WinUszavEnIN uikadnsBsinadesldsunmsBusufiufuinunsfnwssszemlussiuasdnsumnelug

Table 4. Comparative Efficiency Between the Traditional Method and the Proposed System

Comparison Metrics Traditional Method Proposed System Outcome/Efficiency
LBS Support No Yes (Mobile-based) Enhanced Mobility
Data Accuracy Low (Manual write) High (GPS Verified) Higher Transparency
Check-in Time 10 Minutes 1 Minute 90% Time Reduction
Monthly Distance ~100 km 0 km 100 km saved
Monthly Fuel Cost ~400 THB 0 THB 100% Cost Saving
Reporting Time 1-2 Days 5 Minutes Significant Speed-up

7. @3Unan13398 (Conclusion)
muideihinaveaninenssusruamafiinudiuisemalilaiTemudauunaniosulaildn

Tnefigaganeifieuityvndedrinsumlusdlaaganuedesivesyamnslussdnsunasesdiutioaiu 91n

mMsnageuUsransmmBmiifuuunaosi (Black-Box Testing) Wuin sUUANMNSAUIIATATIANANT Y
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nsdinmaey (Test Case Success Rate) ldFagas 100 meldannzwindeniifinsaiunu arugiunansuszidi
Bausednvannngusesisldnuaseiliseduanufionelelunmsineglussdiuann (Mean = 4.39, SD. = 0.57)
Tnedqaiaugegaiiuaiuiunsiasndovesteya edlsAnin wanismaasuaiaauuazioulisiudg
UszdnSamvesszuuenandstuniutadunteusn 1y aANuaiesveunIevIguaznunInd 1ol GPS
uenand nMsvszifiuanuduandminensdsduduitandnenssuiaunsnanniszauganisasldunnt
foway 90 uavanFuyuLAIINMTAUINdUINaIaTdtnnuliegadugUssn winadnésnanazeglu
USunuesmsnaaessziiuthses (Pilot-Scale Implementation) Zfieifun1sussqinguszasdnisideluseiunils
Tneadeilddwevesdarmiuazaguns (Contributions) fiddnilu 3 I dil
7.1 IAdedn1UnenssudAanssu (Architectural Framework)
NnuITelavnausnsevandnenssudloudanuulailan (Low-Code Geofencing Architecture
Framework) FafuguuuuandnenssuiiysannisnmeUssinanaddndaiuiidiuuanrlesuaand lewums
Hamssnzdlewudaneslud ulssianavesszuulafldalaense (Embedded Geofencing Logic) Tassadnadid
anuluA1uNITAN1STaRANAIRYRId YY1 GPS kavni1seanwuulisesiumuliutueuvestayaiumus
(Error-Tolerant Geolocation Processing) @ansaldidulassasnesduuuu (Prototype) dmsutinwaungensduas
TunsadsszuuiifinnuBanguganelidedninduninens suiaduiugudmsunmsdesonganinenssud
seasumsueeiiluseiuesdns (Scalable Architecture)
7.2 §AWNITUTMNIIANT5A1ATY (Practical Governance)
sruuiifmutuannsavssgndlfiluuinnssudunuudmiunstuedeusguiafiviavesesdnsunases
drwtesduluysymelng Hrevdatymnisatiaunuiu snseduannulusda wasiinuszansandunaily
nszvINMInTIRaeUYesheninnsyana InslmzluuiunveinsujiRnumeauniidesefoanundesn
as ogdlsfinnn msthlvldlusnhedndudosfionsantadedulassaisiiuguRitawasarumdonvesynains
Tunslagmiigausume
7.3 FABIANNANAIAIUNTNEINT (Empirical Cost Optimization)
foyarnmaneaeunipauiigaifuduin msvszgndlfinaluladlaldndmiuuimsduiunaisg
g1u150anRuY UL (Hidden Costs) Fudonds wazanduNUNIHRILILAzUIIShw1sEUY (TCO - Total Cost
of Ownership) lstegnsfitidndny neldfoulvvesmsldomlussiumisauuadnisuinnats Fodulsgtu
fadumnuduamaasugmanslifumheauniadgldesnadaiu egnalsinig msvssiunsluszezenuaglu
sefuasdnsmavaiinadulsefuiinsfinuifiudinluewen

8. anUseNan1599e (Discussion)

8.1 nsaduMenaiaalnenssunazUseansaw

MnMsUssiuraszuvaaUfiinudiuiisemallaiTewhdwuaninensslaiién wulsaiu
ddniiaenndeuaziosananissunssuiiieates il
8.1.1 UseanSnImuasszuusTyAumie (LBS Precision)

wansnadeunssngdlewluds nmeldannznismaaouiiimsniuau (Controlled Conditions) Lansdas
ANENS IvBINTEAdau (Test Case Success Rate) Souay 100 §eazviouliiiuindanaifiu Haversine 7
UssinanadmiumumeSssyiumisuuanslviufiaussourgdunsnseaeudouludeiuil egndlsfionu e
N1 luusunnIslYauase (Field Conditions) Wuinuszansnmassszuudnauysiunuiladanisuen wu
AMeNA3etne (Network Latency) wazavilsiiadosvesdyaios GPS Senvdmanonuudusivainis
srymisluugaam

mMsUszyndldinalulad Geofencing Ssaaifunalnddnyiiannsnanleniavesnisasiianiiia (Location
Spoofing) leeensiiuse@nsnim (Chauhan et al, 2024; Patil et al., 2025) ag19lsinu Usednsnmaenaiile
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Juegjfudaneifnifivet e uidsduiusiuaaunmeseniawiwazanminadennsliou Jsaenndesiu
fofunures Shevchenko & Reips (2024) iglifiudedodnfinbenisnimvessruusryiums

Fofu anndnenssusruunaiunisasialkuudeiina (Geolocation-Based Attendance) 3411150
snseauaulusslavasysedniamlunisusmamineinsunnalaeg1eildad1fey (Gupta et al, 2025) e
Fududeseonuuunalninnisteranainuassesiumnulbiviueuvestoyaidaiuiifielisruuiaumuniu
(Robustness) Tusgaunisldauass
8.1.2 AuAaBeR2vadladlan (Low-Code Agility)

nimwanidaunssuruunaniasy Google AppSheet PwanszezIansiaLsrUUaileiouiy
nsTeulusunsuuuuRaAy (Traditional Coding) E]ﬂ'VNENGU’JEla(ﬂﬂ’lﬁud’mLaﬂa’lﬂjmﬂ’lﬁmﬂﬂalﬂaEJNL‘U‘L!iUﬁiilI
wazuwmdlafidndshoifineudanguluntsinmsdeyanirauuuasderonsuiulinssuaunsmauwuy
59957 (Agile Process) (Ngamsong et al., 2021; Rokis & Kirikova, 2023)

aglsfinny willadlanvziideldiusouduarusiniwaganudangulunisiaw uifddediinids
Tassadsludiunismiuguassngsedusii (Low-Level Control) wagnsufuusiedaneifintugs Sso1adwmare
Armansalunsfindszavsnmsruuluuiuniifieududougs uenaintd nsfemunasiosudniagy 1y
Google AppSheet waz Google Sheets ananalifiindasiindiu Scalability uaz Performance Lilafin1saens
sruulufiasAnsuunlrgvsediusunadeyadiuiuuin

fatu udanrtinensnlafldnasmnzanedisbadmivesdnsunasasdiusiesdufifitediinduninens
wiluszegenneadududesfiansannisdrelugandnenssuiisesiunisussananatuunszae (Distributed
Systems) ilesos3unmsvenefvesdeyauazliany
8.1.3 mmaﬁ"umﬂaaﬂﬁ’waﬁaga (Data Privacy)
melddarmuaremsevdydRduasesioyadiuyana (PDPA) an1dinenssuildsunmssenuuulifs

1%

°U'931Iaﬁﬁﬂﬁﬁﬂﬂﬁﬁi{qu%mmgLﬁfﬂﬁqiﬂﬁillﬂ’ﬁaﬂL’Ja’]LVi’]‘lj‘u Iﬂﬂiﬂﬁﬂ?iaﬂmﬂﬂﬁﬁﬂLL‘U'UL%EJBTV]EJ U3gnaununis

U
o

Fudummuuazmsiihsiateyaunsgiuues Google Authentication feidugasuddnyiiasrsnnidesiuluns
Ty dwalinsyssidiunasunnusiunsasnsislisuasuuumisfiaslonndldnulussdugegn

aa"miiﬁmu LLﬁmiaaﬂLLUUG’]’@ﬂa"m]zﬁlhﬁJammmLﬁanﬁwuﬂﬂiazl,ﬁmﬂamLﬂuﬁauﬁa (Privacy Intrusion)
mea‘wawwimﬁﬂanmawﬂﬂawam (Third-Party Cloud Services) Hﬁﬂﬂuﬂiumum’mﬂ’]ﬁﬂ’lﬂUﬂLLa“UE]JJa
(Data Governance) wagnsmuauansnisdrivlussdulassadreiugiuiidesionsandiaiiu uenaini nns
penuUUTTUUA ldAnmusuiswuudeiiies usfazasandesfundnnisduasestoyadiuynna usfenvan
awananselumsesinginssudeiuiilusyezen (Spatiotemporal Analytics)

Fofu mseenuuuantaenssylusuiannIsiansan nsadieaunasening Data Privacy wa Data
Utility i elwanunsaldussleniandeyaidei uiildoguiuszansan lnednsaenndastudoimuanis
NVUEWAEVANITETITUMUTRYA
8.2 fadninvanIside

Tumstanisideillugsdadeussandld msmiddodtamainnuesdedindanainfiolud
Fsorvdmarieruannsalunmsasusadadenly Generalizability) wayanuiaiiosvosszuuluuunmslday
Aumnsinaiu
8.2.1 dednfindungusiaagng

sAfedidulasinisihie (Pilot Study) Mifudeyaainnguiognaanzinizasuiadn (N = 20)
melumhsnuifien fushraenadosiuuuujifvesnsmaseuszuudeimnsalusoziiudu widslifiome
dmsunmsdrdadeainlussiulssnng dafu msvssdiugadinisussadaduuiadufioinsveonanadi
(Extrapolation) meldaungiuiingAnssunisldaunazanimwandeunisufuRnuianuadieadatu 9
sfudosdimsmnaoussdiunatuasdnslussiufivainvaneanniu weluBwuinedns (Small vs Large-Scale
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Organizations) WATUSUMLaiUR (Urban vs Rural Environments) itegusunaiiessdnduasiiivnruiniote
vaateasuluouan
8.2.2 Fosindulassadreiugiumanalulad

ausiug lumsUszananafitauUsiumuan mnedemsnenmiidmanssnusonun L EIe T2y
fuisuuan lvuvesdldouusiazyana naenaumuaiosveunierisdume fialuiufiufoinu dadu
Uadenisuen (External Factors) ﬁ'aq'uaﬂmﬁamimmmawawmn%I@aLawwiuﬁyuﬁé’U&y@mmw%
anmuIndaufadn (Semi-indoor Environments) fienanaliiAnarunainiad euresd fidn (GPS Drift) uay
mumiaslunsUszanana (Latency) Sedrifameensawasuarnsanneuvesdyaaluiuiidnaieduni
‘v’h‘wwmﬂa?Jmﬁz“umsmi’wLmﬂiwuam%ﬂmﬁlﬂmuﬁmﬁﬁﬂL?imiéf (Merry & Bettinger, 2019) uana1nii ms
fmunanrlesalafdanarlassadanugiuuuaand 1y Google AppSheet uay Google Sheets 91an8liAn
FodrimdunsmunuszAuats (Low-Level Control) wagUszAvsamlunisussmnanaiieszuugnuenslugns
Tgnulusgaussansaunlvg) (Large-Scale Deployment)

9. daLEuanuzaUITY (Recommendation)

nNTiaseiandaenssudlamuduuulailinuasnansusediugausedny nui Yssdnsamues
sruulallédtuegiunssnseoninaiifiesesnafin uiduuusiunuuiunmislfnuads wu waesnmvoaniete
uarAu AN GPS fatu Sninausteiausuusidludmlonswandimngsy dWeatvayunmsiluly
wazmsRaeyanoeas By il

9.1 darausuuziienisiinansiseluly

9.1.1 ﬂ’liﬁﬁ%u&]uIEJ‘U’]EJLLa“LL‘U’?‘IJﬁﬂ’a
amrmJﬂmaqmuwaaaumimmmuwauwiaLLmUﬁﬁ@ﬁ%wummﬂumimmuuaﬂamw (Remote

Work Policy) maugfumsiissuvasiaideiifnluld Tnemsivuadeuludwiod wu Safiniseousufida

(Acceptable Geofence Radius) uaziuamsmsiansnsdidyaanainiadeu ileai1sanasgiumsufoRanui

Wsdla nsraaeuld wavaennrdesiutednindanaiialuanintinaeuas

9.1.2 NFYNTLAVTINYLYAAINS

mhsnuasiaiinousudufiimaiewiouaumieudounisldausi Insufeiunsldnussu
wazmsadeanadlaludedidaveanaluladszysiumis udsnslienudiferiuaulsluiuouesdoya
fiffn (Location Uncertainty) uagiuamienisasadeuaiugniondssdulnedldam augfunisduaiuming
sumsinuasiunsasadovesdoyadiuyanamungmane PDPA ileanaudnauasifinnudesivluns
T¥uszuulusyozivasusiugidva
9.2 darauauuziianisideuaziaulusuian
9.2.1 MmaUszendldimalulagseymuvisuuunaunsu (Hybrid Positioning System)

doutlededinununanndouesdyaaftnluiuisudyaianieuiinneluens vuidelu
auARAITYTANINTINALLLAE Assisted GPS (A-GPS) 934U Bluetooth Low Energy (BLE) %8 Wi-Fi Positioning
system TnemsiimsussdiudaliouiioussuianaiausasUssnnluusuniuildanufiunneneiu (indoor vs
Outdoor) tefmunnagninisidentinaluladienzan dsazdioifivanumiudnazanindofiovesszuy
TusgAuUuuanis
9.2.2 miy,szu'lmsﬁsuwsﬁumﬁns (Enterprise System Integration)

ATALT oufaU1MIFIULUY RESTFUL USON/XML) Lt exlesunamvesalailinidfussuy
UImsninensyaravieszuuiyiiudouresnisnulnenss wieutsesnuuilassaireteyalisesiunis
enemilusgduasdng (Enterprise-Scale Data Architecture) Ssagtisanausdouvesnisinindoya waziiia
Usgdvgnnlunsinnsdeyanuuriuaudlussezen
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9.2.3 n1seanuuvanUngnssusassunisingueanlail (Offline-Capable Architecture)

iiosesiutedrinsununaiiosvonaietiedumesiin (Doodala, 2023) Fnauslviszgndlinseuns
vhaumuuuudiaeslu Figure 9. nsszuvazduiindeyafitauazatasumieanudiinsivesgunsaise
anuzsemsaidums (Pending) Wedyananame wavagyhnsdalasluddoyalaesnlusifiuiiinsanuns
HeudawnTetne uenaind nuAdeluewianeisinrsannalnmsdndduganssu (Transaction Ordering) waznns
Hesiutoyadrdou (Duplicate Handling) ite3nwiAugniesesdeyalunsdiifinisdlasluduarsads Feay
Prifiuamanysaivesteya (Data Integrity) uazanAudssvosnsgamevegsnssuluaninungdoudis
FodiaruATeY

Client Side Server Side
Stable Internet

- 2
Direct Cloud Save |
_____ with Real-time Sync

Application -

[Synced]

No Internet : Re-connection AppSheet
; N v X Cloud
.0 @ T Ensine
Pending when ~“-.__ Auto-sync sin Google Sheets
no Internet Connect\on w‘ pending records (Main Database)

Local Cache

(Device Storage)

Figure 9. Proposed Offline-Capable Architecture Framework
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dlddndetumbenunsdiing (wautasvariuan) Weanaudndedlun1side (nsider Bias) laldn1s
NAFBULUUNADIMN (Black-Box Testing) Aug fuuuuasualiiszydany (Anonymous Questionnaire) Lo
Tinan1suseilivagyioutaiiasadeinermansegradunans

11. AadnssuUszna (Acknowledgement)

YOUOUNTTAN AEEUTINIIATYAIINTIMAUIAf UV Smingnsand Wued1eBs Alvnrmeyiase
foya ougelildfuilumavaasuszuudjiRnsis naenauaaznanfiolideiausuusdududsslod dad
duddyluneianssuulfaenndesiuuiunmsviiuvesesdnsunasesdiuriosiu wenaini veveunseam
AUNVINEINTABUNIAST Uazanudvmaluladansauna augiveimaniwazmalulad uine1desvsiy
ansnd fldatuayunineinsmelvins wdesile wasiBoiiloanuiflunisdiiunisideaudisaqaasded

12. nsUawensldtlyniusshvgileadneassn (Declaration of Generative Al)
mAfeilinsldiedesdiotyausvivsidiaieassd (Google Gemini) Lﬁaaﬁuayué’mmmwhﬁu Tawn
msnsvaaulieinsal nsusudnu waznsdnlassasieusslealinsaniunsWewdaivinis
fiail doyafiu nsiias1edng n1soonuuvanitaenssy uazdedununisisinisianuaiinansg
Fufiunsideats newndesilodygussiusliddinlunslinmeideyanioadassdaiuslmi wasidom
FovualFsunsmmaaeuiasfufiateulasdidou

[18 of 20]



—_—
May-August 2026, 4(2), e3674 Journal of Computer and Creative Technology =/ ' I‘-=I=j4 ISSN 2985-1580 (Print)
P T

DOI: 10.65205/jcct.2026.e3674 Msasreniiwesuavmalulagadisassd oo, ISSN 2985-1599 (Online)

(Research Article)

13. N5SUEAIUNUMKLYEY (CRediT Author Statement)

Suraphon Chumklin: Conceptualization, Methodology, Software, Investigation, Data Curation,
Writing - Original Draft, Visualization

Krit Chaiwannakoop: Conceptualization, Methodology, Investigation, Resources, Validation, Writing
- Review & Editing

Manit Puangbangpo: Conceptualization, Methodology, Formal Analysis, Validation, Writing -
Original Draft, Writing - Review & Editing, Project Administration

14. 19n&a"581984 (References)

Al Farisi, S., Fauziah, & Tamara Aldisa, R. (2023, February 16). A Combination of the Haversine Formula
Algorithm and the Sequential Searching Algorithm in Web Based Online Attendance. 2023
International Conference on Computer Science, Information Technology and Engineering, 450-455.
Institute of Electrical and Electronics Engineers. https://doi.org/10.1109/iccosite57641.2023.10127681

Brinninghaus, M., & Rocker, C. (2022, July 25-28). Low-Code Development in Worker Assistance Systems:
Improving Flexibility and Adaptability. 2022 IEEE 20th International Conference on Industrial
Informatics, 366-373. Institute of Electrical and Electronics Engineers. https://doi.org/10.1109/
indin51773.2022.9976178

Chauhan, V., Singh, H., Dewari, K., & Kumar, 1. (2024, July 10-12). Efficient Employee Tracking with Smart
Attendance System Using Advanced Face Recognition and Geofencing. 2024 2nd International
Conference on Sustainable Computing and Smart Systems, 750-755. Institute of Electrical and
Electronics Engineers. https://doi.org/10.1109/icscss60660.2024.10625038

Doodala, A. N. K. (2023). Offline-First Android Architecture for Waste Management in Low Connectivity
Zones. International Journal of Emerging Trends in Computer Science and Information
Technology, 4(1), 201-209. https://doi.org/10.63282/3050-9246.ijetcsit-v4ilp121

Gupta, S. K, Yadav, N., Pandey, A., Sharma, R., & Chauhan, A. (2025, April 4-6). Geolocation-Based
Attendance Tracking System: A Comprehensive Review. 2025 3rd International Conference on
Communication, Security, and Artificial Intelligence, 932-935. Institute of Electrical and
Electronics Engineers. https://doi.org/10.1109/iccsai64074.2025.11064660

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. (2019). Multivariate Data Analysis (8" ed.). Cengage
Learning.

Merry, K., & Bettinger, P. (2019). Smartphone GPS Accuracy Study in an Urban Environment. PLOS ONE,
14(7), €0219890. https://doi.org/10.1371/journal.pone.0219890

Ngamsong, S., Lerk-U-Suke, S., & Wongyai, S. (2021). Building of Mobile Application with No-Code
Development for Field Data Collection in Tax Administration of Local Administrative Organization.
The Journal of Spatial Innovation Development, 2(3), 55-69. (In Thai)

O-In, S. (2024). Development of a Geo-Informatics Database System to Support Urban Conservation and
Rehabilitation: A Case Study of Mueang Ratchaburi District, Thailand. Humanities, Arts and Social
Sciences Studiies, 24(1), 33-42. https://doi.org/10.69598/hasss.24.1.260631

Patil, H., Darekar, O., Thorbole, B., Kindre, P., & Dekate, V. (2025). Tick Mark: Geofencing Attendance
System. International Journal for Research in Applied Science and Engineering Technology, 13(4),
1269-1274. https://doi.org/10.22214/ijraset.2025.68524

[19 of 20]



May-August 2026, 4(2), e3674 Journal of Computer and Creative Technology T ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€3674 Msansreuiumesuaznaluladaieassd ﬁ/ ISSN 2985-1599 (Online)

(Research Article)

Pressman, R. S., & Maxim, B. R. (2020). Software Engineering: A Practitioner's Approach (9" ed.). McGraw-
Hill Education.

Rokis, K., & Kirikova, M. (2023). Exploring Low-Code Development: A Comprehensive Literature Review.
Complex Systems Informatics and Modeling Quarterly, 36, 68-86. https://doi.org/10.7250/csima.
2023-36.04

Sarawan, K., Sarnthong, A., Khumla, P., & Nasinprom, N. (2023). Improvement of Time Attendance Online
System: Case Study in the University. Journal of Advanced Development in Engineering and
Science, 11(30), 16-31. (In Thai)

Shevchenko, Y., & Reips, U. D. (2024). Geofencing in Location-Based Behavioral Research: Methodology,
Challenges, and Implementation. Behavior Research Methods, 56, 6411-6439. https://doi.org/
10.3758/513428-023-02213-2

Tang, Y., Li, T., Zhu, R, Du, F., Wang, J., & Ma, Z. (2021). A Discovery Method for Hierarchical Software
Execution Behavior Models Based on Components. Scientific Programming, 2021, 1-22.
https://doi.org/10.1155/2021/4788357

[20 of 20]



—_—

May-August 2026, 4(2), e3714 Journal of Computer and Creative Technology r=f r=l=j4 ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.e3714 Myasaeuimesuazinaluladadneassd =/1=’ - ISSN 2985-1599 (Online)

(Research Article)

Development of an Intelligent Air Quality Control System for Shoe Cabinets
to Prevent Odor Accumulation

Pimlida Saiviwat! and Apisake Hongwitayakorn?”

"Information Technology Program, Faculty of Science, Silpakorn University, Nakhon Pathom 73000,
Thailand; Email: "pimlida.saiviwat@gmail.com
“Department of Computing, Faculty of Science, Silpakorn University, Nakhon Pathom 73000, Thailand;

Email: 2hongvvitayal<om_a@su.ac.th
%Corresponding author: Apisake Hongwitayakorn (hongwitayakorn a@su.ac.th)
Received: 1 March 2026; Revised: 8 July 2026; Accepted: 10 July 2026; Published: 26 July 2026

Abstract

This research aimed to develop an intelligent shoe care cabinet capable of reducing factors that
contribute to unpleasant odors from footwear. The system focuses on controlling environmental
conditions related to accumulated humidity and microbial growth, which are primary causes of odor, to
promote good hygiene and reduce the burden of shoe maintenance for users. The system integrates a
heater, UV-C (253.7 nm), a disinfectant misting system, and a ventilation fan, operating in conjunction with
Internet of Things (IoT) technology via an Arduino UNO R4 Wi-Fi board and the ThingsBoard Cloud
platform. From system testing, the system reduced relative humidity from 43%RH to 30%RH within 30
minutes of heater operation, and TVOC levels decreased from 184 ppb to 25 ppb within 5 minutes of
ventilation. UV-C irradiation at 253.7 nm reduced bacterial counts from 6.80 x 103 to below 30 CFU/ml
and fungal counts from 1.04 x 10" to below 30 CFU/ml within 10 minutes. Overall user satisfaction was
rated at the highest level (X = 4.65, S.D. = 0.50).

Keywords: Smart Shoe Cabinet, Internet of Things, Air Quality Control, UV-C Disinfection, Odor Reduction
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1. uni1 (Introduction)

iaawﬁLﬂuﬁaﬁf\i’wLﬂuiuﬁﬁmﬂivﬁi’ﬁummuuwé Wdmudostuinnd wndounieuen snvedaiy
aﬂﬂ"diuﬂawmaLaiumaﬂmwLLauuuwmmmﬂwmamaumamaqmmaﬂ,a amﬂ,iﬂmu msanuldseaindu
nanvlunsasfugensiliseariiinnsarauesnuty wile wuaTids Laziges mLUummwaﬂmamauim
wqmmmLLauwmmaLaamaqﬁuaumamaa@,‘mm‘lmama (Sanchez-Navarro et al., 2013; Qiu et al., 2022)

Hymsnarmnlilldsumsinnsedamnzauszdmalindusunelusentazauannty Sniededena
Tseudidenanmitu iesmnnisnasyiulnves L%aimuﬂfaq@ha 9 1wy wifwindernlu Sso1adwaly
seaininaudennela (Qiu et al,, 2022; Summer Neal, 2025) uaﬂﬁ]'1mfé’aﬁﬂﬁgﬂ%mummmmﬁuhLLas
a1aindayymauguamiladndaey

Yaguudhazlinmsnedmihendadusidauasosyiludsenalneud winnsdrsIInaranuitouly
msvhouresanfasivaddilisenadesiudofivniuaylinsoungquanudosnisldnuats wu vegussyd
Tanufeuiigumgdl 60 °C lumsvihauazeinseasin lnenanindugumgiiivasasoimunzdmsumsqua
seavlnglidmaans Tanvesseas uwiandeyadedaniaivinisnui qquﬁﬁqm’h 40 °C p19dHaldeso
Tanyeuinuneila Tnolamenausinaznnigafaf useasin Wudy (Aero Rubber Company, 2020; EVA
Foam, 2016; Rutkowski et al., 2024)

Foifueidediddwanndquaseaindaaierldfunsiantuiedamatutgmidnanludeses
ATty ndu waidolse Tneldinalulad Intemet of Things (IoT) Tafussuuisuwesdandey emuauane
windeunelugiuudaluli Wamsl4 Heater tloanaudu nslduas UV-C (253.7 nm) Tunseinde (Sottani et al,
2023: Nexa, n.d.) wagn15ldsvuuniuazenunensi g eniesunau Lﬁ@ﬁﬁﬂiﬁiﬁ]uﬁﬂﬁ%ﬂﬂﬁ%LLaE]EJ"Nﬁ
UsganSamw Lﬁmmmazmmmmm;ﬂ% wazinengmisldnusearlaegaiidudAy (Qi et al., 2024)

2. IngUszasAIuITe (Research Objectives)
1. iofinungguaseniidaaiosiianunsnnuauanuiu sndelsn uariidnndulsifessacd
2. litefnuUsAvEammsvhauvedguaseaingeadey
3. iieUsziumufianelavesilinudesruudguaseandanies

3. MINUNIUITIUNTIUUALN T TtREaTRq (Literature Review)
3.1 et

Qi et al. (2024) lAnwgymuazanudesmsvesflifseanseaios Inenuigidludagdusinldauls
laigzain Uszdnsnnliiadios uay mmaulwamuamaumﬂumewa Au 33l sdunwalf g3y
LLuuaaumuLwaiwi’]mm U NAusy AMSUTU MsruiseInia uartlymauninanides wunAsgly
mmmmmr\wa@ Ao andu Iﬂsqaiw uay Ugauwuﬁmﬂmm PRI IG]EJN@‘U’JW]’ENWGLJU’]Li@ﬂiu‘U‘U@J’]L‘U’e}
nIsPUANANLTY MIdaiAUTBAngy LLaymummamwwwu‘uu ANNARINIIIUgUeUINsAeladendnves
wuImeNseenLuUlul

an10uids INESCOP nuth nelusesviifuiiuiitefiviadoronisavaumisuazninivlnveqadnds
Huaumguesnaulifislszasd uuamaudlydatumsldasiugatn iwu Saneflessu Tavgeonled wagans
INTIIUVIA LU citronellol, linalool ag essential oils #14 9) %ﬂﬁwa‘i,umié’uﬁynmiLfﬁzylﬁuimaaL%@IiﬂLLaz
WUATILSY (Sanchez-Navarro et al.,, 2013)

Sottani et al. (2023) lé@nwUszans immuensldsed Uv-C saufulelavlumsanmsuudoudelsalu
anunenuna waznuinneluladhaesdinaesuiilunsyharsuuaiidouarhialdanitdifesedrdlnetmils
Tne UV-C shae DNA voagadn drulelousendladutiasad dewaliand el fegnaiiussansnmgdluiiud
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fifosnsauazenszdugs widsasdidedidnunssensingleleu ndsmsldnudndudesdinisssuisennia
oghansanaidesnnemaliielolvuiitutudadusunsedessuumadiumela Wusunsosogunm
18NN Best Direction System (Qiu et al., 2022) na17" mm%ﬂummmﬁuﬁﬁaﬁwﬁzﬁdqLa%:u
mawsyivlmveadelsanmeniin lnsmzluanmuindenladedamuiuasangs vilidouuafiFounsidos
Wiuuuegmnig dwaliisnauldifislszasduasdgmiugueundiomumn unanudnanitaudui
60% RH iHuthaidesuasauiulnldd Sesudusiosfinamilismuauemuiuigndeuasimnzauegiaue
MNMINUMUISIANSINTsiy wuhdsldfinuideitiaueszuudsearindiysannisnsaiunu

AudU Masnded18$ed UV-C navuazoosinen wagn1sfamueim IoT wuu Real-Time 1ilussuuiien
nuATeiRaimsiauiesesiuuasuludedifndingn
3.2 anzwandeuiivanzaslunisquadnunseain

soainlnoialuusznoufaetagainuatsussian wwu #1 wils uagens JauragwiedguauiAnig
menmuazieditlideanimwandonniouen Inslamsaiuduimsiigaienisasauvondelsn dsoraneliin
nadonaninuesian 1wy MauaNth M3tuT Msuandn videmswdsudvestanfaseaild ileBaeignisld
suvessesiuazanlemalumainnauliifislszasd annisfnwideyanuitannzwndouadeianzan
agluituisaiulfeylutsoumglivssun 18-25 °C uagauTuduinguszann 40-50% RH g adutaei
wangausiensrraonTsdonanwuesianuazdesussnisapivlavendegiunisldogiedivssansam
uammﬁuqmmﬁazaumﬂuéﬁimitﬁu 40 °C Lﬁaw'1nqmwgﬁﬁqnLﬁuﬂ’iwﬁawdwaiﬁi’a@ﬁaaLﬁwmwﬁmﬁm
nsideg Wdouanin iegadonmantinianionimls (Aero Rubber Company, 2020; EVA Foam, 2016;
Rutkowski et al., 2024; Summer Neal, 2025; Nexa, n.d.)
3.3 Myingaumgliuazanududuing feiwuiwes SHT35

\BULERS SHT35 L“ﬁumuma%’a’mqmmﬁLLazmm%uLLUUﬁ?]ﬂ’aﬁ Tnedsznoudefnsaduauduuuy
Capacitive 4ati2n5295Ug uvA T uUY Bandgap 9 17n15USULT U (Calibration) wazwaLvee amna il
(Temperature Compensation) H1La7 ﬁﬂﬁlﬁmﬁﬁﬂ’mumuﬁ’@ﬂ +1.5 %RH wag +0.1 °C
3.4 N13A5IAETIRNLDUNTE FBue3 SGP30

wulwes SGP30 L ululresAeiuy Metal Oxide Semiconductor (MOS) 1l elutanavesansseing
Bun3d (VOO) duifafiufi MiFeusuwesd svuunelusstssinanasenuidumaududures Total Volatile
Organic Compounds %118 ppb waza1susulaeenlaalailiou eCO, (e ppm) W1UTd 12C
3.5 msgindelsadae3ed UV-C

$a UV-C Turannnugnaduuszanas 100-280 nm Fesaufisnrmegnnadu 253.7 nm Wutieiiingdaanu
Wiganalun1svinateaeiugnssuveqaunsd wlddeuuniise 1Wes warlisanensonganisiasyiule
(Sottani et al, 2023) Hapaw 253.7 nm Sadudredt livhldAnmalelou (0s) iesnlelauduuiarisunsie
RoszuUMBAumelavesyul

3.6 syUUNUAzaaInNanLUU Ultrasonic

szuUuaroameniuy Ultrasonic luszuuldvdnmsduasiiteusnonaudssminufias (Ussana 1.7-
2.8 MHz) Wisadrauseulivasmaiwnndinaaduazesslosruinaziden aveosiinanaiunsouviuasyly
omeled vlnuiuiimdudawasnszaeiilisng
3.7 Arduino IDE a2 Arduino UNO R4 Wi-Fi

Arduino IDE @uunanesuiilddmsuiauiuazsulnanlusunsulusslulasaeulvsaaasues Arduino
Tnesosuniw C/Cr+ wasdszuunonlnduazsulnanldn dazldusiuiuuesa Arduino UNO RG Wi-Fi nie

Tuga Wi-Fi luds vilanunsauszananadeyasaziensedumneiidnlieg1dfiusz@nsnm vesnsessunisldam
fulsugaskazaunIaliig
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3.8 ThingsBoard Cloud

ThingsBoard Cloud Liuunanwesy loT wuuida (Open-Source) AilddmsuiAvteyaieuives uansua
wuuiFoalml wararuaugunaniszerlnaruluslnaea MQTT luszuuil vesaagvimiiidu Device de
Telemetry LU ThingsBoard Cloud w1 MQTT Ingld Device Token 1Jusiaszusiinu doyana 4 azuanuy
Dashboard waza1u15aUsuLss (Custom Widget) 1 n319 LAAIAnIUE kazAIs19 9 lawuuiealnid lng
ThingsBoard 5843U RPC (Remote Procedure Call) @selsigfldanansadsnugunsaliiruiiedalagld Mobile
Application uaﬂmﬂﬁyisw%ﬁmﬁmﬁuﬁagamﬂLszjuwja%ei'm 1 aslugrudeyavuunanesy ThingsBoard
Cloud TugUuuuteyaiBsnian (Time-Series Data) Fstaelsiannsafamunginssumsldnuuazannzuindey
meluglaogsdeiiles
3.9 MQTT Protocol

MQTT tuluslnmeadeansuuu Publish/Subscribe 1 ThingsBoard s8s3uiitelfidensiagunsal oT Au
uwanwosuna1dd lngeenuuulvidnsdsdoyafifiuszansain ThingsBoard Auusligunsalinisifeuseriu
MQTT Broker wosunanmlasa nsaeansaunass Topic fifviun 1w Telemetry, Attributes wag RPC

4. ASAULUIANUIIY (Conceptual Framework)

—P[ Control Process :]

- loT Controller

[ Input / Preconditions ]

- N
Physical Conditions (Hardware)

:{ Outcomes ]
-

- Precondition check

- Auto / Manual logic

- Shoe presence - Sustainable odor reduction

- Door closed (L/R) - IHeater ZUNVC.Z i Fan /7 Mist - Sustainable humidity reduction

——l | - Cloud dashboard

- Effective microbial inactivation

Mobile App. (Softw.

e * - No damage to shoe materials
- User login & command Measured

- Extended footwear service life
Environmental Inputs - Humidity reduction H RS P,
- Temperature - Temperature change
- Relative Humidity - Odor level change
L J

- Operation status

Figure 1. Conceptual Framework of the Internal Air-Quality Control System for Shoe Cabinets

mﬁ%“ﬂfjajaLﬁumiv"v’wmizwm‘uquQmﬂ'rwmmﬂmﬂuﬁiaal,ﬁﬂé“ﬁm'%as iiotlaafumaiinnauayay
Ay warmasydulaveadegdunid lnenseunnAneuidegnesnuuuiuiieuansauduiusseuing
Foulvtud nspviunmsviinuvesssuy waskadnsiintunmsdiiunuresszuvegraduszu nsey
LnARfINaNATEUANNMIITIIARU sulu s uduYe I uaTe AT NM1sAIUANMTTIIILYRsgUNTAlNIUSEUY
muRuuUUsaTuTAkaziuUAIuFedld nsouuunAnnuitesasvioufwadnduaremsiiyatiuanudsdulu
miguasean lnglineliiAnmnudemeseTansewuazhisdnegnislinuvessewluszezend

5. 35aHueU3Y (Research Methodology)

5.1 aa1Unenssuseuy (System Architecture)
amﬂmaﬂiimwwadé’qLLaimLﬁ'ﬁé’%ﬂ?&lzgﬂaaﬂLLUU‘LuEULLUULaLEJﬁ (Layered Architecture) liVaLLan4
lassaiamsinuvesssuuludnvugaduty Inswdamihivesusazdiusgndaaunsusiseduaunsalansnuas
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ufieszaul 19U lnvaardnenssudananivsenaudie 4 Lawesnan lawn Device Layer, Network Layer,
Platform Layer wag User Layer lngiisioazidunas Figure 2.

Network Layer

User Layer Platform Layer Send telemetry, Attribute
ThingsBoard Cloud (ThingsBoard Cloud) RPC (Request / Response)
Show Data
. ALCRSS (Web / Mabile App)
—_— i i [ ThingsBoard Cloud (Web App) ]
- i Contral : Telemetry (MQTT) User Command (RPC)
g P 3 Create / Edit / Update Dashboard
Uset Device
Device Control Notification Management

Device Layer

Microcontroller : Arduine UNO R4 Wi-Fi ‘

Sensor : SHT35, SGP30, Limit Switch

Device: Heater, UV-C, Mist (L/R), Fan

Figure 2. System Architecture of the Internal Air-Quality Control System for Shoe Cabinets

5.2 Use Case Diagram

NaN1399NLUU Use Case Diagram 14 Figure 3.

Log in via Web browser
Create Account for
new user
Configure Operating Conditions for <indude>
Automatic and Control Systems

Create / Edit/ View Dashboard
Share Dashboard
Notification \
Management

'\ <<extend>>

\
\
\
N
Zentend>>

wcentend>> /

;
Turn On/Off //
Mist (L/R) P id
’

/

Log in via Thingsboard
Cloud App. Through
Web browser

Admin

Receive
Notification

Figure 3. Use Case Diagram of the Internal Air-Quality Control System for Shoe Cabinets
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910 Figure 3. WU
1) Hauaseuu (Admin) annsai T idanisuazivunaEng 9 vetsun
2) #1497 (Usen) @1111509 %13 8AUANNTTVI9UTEUUR1ULBY ThingsBoard Cloud 38 Web
Application
5.3 Flow Chart 115¥1191192938UUan LU
fanuweansruaumsvhandaluiludouaseaidaaios (fs Figure 4) Fsadunsdidunsiaudaug
Buduszuulvauisnmsvhauanieaiau
5.4 Circuit Diagram n15139uA8243599453UY
uruifan1sideusiansas essuudquasaaindaados (f1 Figure 5) lasrnuanisidensendofindanms
Wulnsgninslulaseeulnsalaes Arduino UNO Ré Wi-Fi fiu Sensor uag Devices

Plug in the Power

J

Turn On the Switch

J

SHT35, SGP30 and Limit Switch (Door, Shoe) Active

J

Limit Switch (Door) Detects Door Status

J

LED Displays All Devices Stop no yes
J Door close —————> LED Turns Off and the System Prepares for 2 Minutes
“Treatment Finished” Operating
on the Screen J/
l > Heater Turns On and Displays “Heater Active”
Process: Wait until Humidity < 30 % OR Temperature > 40 °C
no Turn Off the J/
Cabinet Switch
Heater Turns Off
yes \l/
yes Humidity > 30 % &&

Temperature < 35 °C

Jm

UV-C Operates for 10 Minutes and Displays "UV-C Active"

J

Ventilation Fan Operates for 5 Minutes and Displays "Fan Active”

J

SHT35 and SGP30 Stop Reading Sensor

J

Mist (L/R) Operates for 5 Minutes with 5-8 Seconds of Pump Activation and Displays "Mist Active”

J

Ventilation Fan Operates for 2 Minutes and Displays

“Fan Active” and Resume Reading Sensor

J

Display “Treatment Finished”

J

End Process

Figure 4. Flow Chart of the Internal Air-Quality Control System for Shoe Cabinets
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Figure 5. System Circuit Diagram of the Internal Air-Quality Control System for Shoe Cabinets

6. Wan13338 (Results)
o v Yy ¥ a A & & o v a 1 ¢
6.1 HANITHAILIGAUATE IS IRTELNENNTAAIUANANYY eiTalsn uazindnnaulineUsasd
6.1.1 fuazn1sAARITEUY
AanunTanuaTaussIsealanmun 2 ¢ lnsuvalunisilsouazen amnsasessusendilann
Uszian lddrandusesiniu seavindnlu seavindn sesviuee searinmls wietandu 9 Tnsannsuinden
nmeludgnaivauleglusesduimnzaudunisguasnwsesin meleulaveanainwindeuiiminzaundenas

o o '

fiu vilnlddmadeegiitvddynonunmueisonyi

Figure 6. External and Internal Views of the Smart Shoe Treatment Cabinet

6.1.2 g9 Hardware
1. |wuLas

v
o

1) SHT35 ity Jadgaumgiuazanududuimsazaunielug lnssunisiifadeg angluduuy

o

MIINAGE
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MTINANG
3) syuuniuazaas Ultrasonic vwehit siuenlusuuuuazessuen Tasuen 2 Hedne-ua ey
auilanfiseananelug IfﬂEJGT’]LLVI‘LN‘?]I@@(g?ﬁ@g:ﬂ’lﬁﬂuﬁ’muuiﬂﬁﬁﬁLLWLJIQUWQIG]EJLL‘U'QL‘f]uEINSEIJ’]EJLLagst’J’I
a) finauszuisenna vimiii laeudu/aieyudeusinia lasdundsiidadsegmelugiundsuu
Woslumagudne
6.1.3 d7U Software
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Figure 7. Mobile Application Dashboard
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nszUILMIUeEIeTmuNTnTITInLarAUANAsEUIeT SHT35 Swasuivanmuindennelu
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971 Figure 9. M3Y91usInfuLeIdames way SHT35 fewsun1sieuvesdnaes wuin SHT35 3a
gaumgfindy 29 °C uazauTuduinsingu 43%RH ledmwmesvinnuseideaduna 30 it wuirin
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AL TUASAnAT 139RH

wafinaaonadeatudiayaues Best Direction System (Qiu et al., 2022) fiszyirmsmuaueutuly
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Relative Humidity Reduction During Heater Operation
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Figure 9. Relative Humidity Reduction During Heater Operation

6.2.2 nansaAneUszansnmlunsidadalsaneuansaadin

sruUduaTevindanisrannsnusiq inguszasdlunisidnidelsavuiiufinmeuonsoainldos el
Uszansan Tagendenssuiunisyinauuesdsd UV-C (253.7 nm) fisenuuuldiminzaniunisanuSunande
wuAfiSeuastosfiavanuuseaiin

nsnaaeuUsEansamsndunsaneldifeulassd : nsnaaeuUsransannisaidesased UV-C
GTWLﬁumiIﬂaLﬁuﬁ’aaémmﬁuﬁaﬁamwaﬂLLa neluseainmeis Swab Technique wuansiAusiegng
aam‘du 2 929 ldun 9l 1 Lﬂ‘UWJ’eJEJ’Nﬁ]’]ﬂiENL‘1/|T1/|N’mﬂ”lﬂ?l\‘i’lu‘Vl‘u‘VIﬂQUL‘U’lﬁﬂiuU’JUﬂﬁ@ﬂL‘Ua L‘wa’LmUum
$19B 506U (Baseline) uazgaf 2 mumamammaqmewmmumi@nmjammaa WV-C lanuemnay
253.7 nm WJusgeginan 10 ui mﬂuummamwwmmmqmLﬂiwwwawgummsmummgmmi‘wmaau
M99aTIIMNEN

Table 1. Results of Microbial Inactivation Using UV-C (253.7 nm)
Scenario Before UV-C After UV-C 10 min Remarks

Colony counts

Front Surface of

Shoes (After 1-Day were determined

Incubation) from culture
plates with a
suitable number of

Bacteria colonies, generally

in the range of 30-
300 colonies.

6.80 x 102 < 30

Fungi and Yeast

1.04 x 10% <30

[11 of 15]



‘ f’ ISSN 2985-1580 (Print)

DOI: 10.65205/jcct.2026.e3714 NsasmeNiIwmesuavwaluladaseassa e ISSN 2985-1599 (Online)

May-August 2026, 4(2), e3714 Journal of Computer and Creative Technology J [-—

(Research Article)

asUnanIMAaee : laumsntesed UV-C amianuilenuniiis $1uau 6.80 x 10 CFU/ml uazns1any
Weswazad $1uau 1,04 x 10 CFU/mL ndansanessd UV-C iluszzingn 10 unit wudidwauiuaiise
sufadoruarfad anasausiind 30 CFU/mL uandlifiudn UV-C (2537 nm) anansnsinidelsanieuannses
WildogafluseAniam Samnisansiuiugadndanarniundt 99.5% isludiuresuuaiiiouaziios o
aonAdasUNANSANYIYBY Sottan et al. (2023) fiftgatiindsd UV-C fiuszavdamaslunisviasaneiugnssa
y099a%n uaranasnannisUmdeuldedaditeddnyluiuita
6.2.3 nansAnwUszansamlunisidanaulifsUszasdnelugauaseaiin

nszvumMsszsaImMAnelugauaseandaaiey vilviszuvannsaussgnguszasdlunisannaulsifia
Uszaadneluglinuiidmualy Tasendemsvhauvesinasiiieniuauszsiu TVOC
msnagoulsEAnsamindumsnglddouladsd : mavaaey TVOC vieseduniu TnAamnwermeniglug
NOULALMAIIAANYINNIY 5 W17 91U 3 S8

TVOC Reduction During Ventilation Fan Operation

800
== TVOC (ppb)

600
400

200

0O min 5 min 10 min 15 min

Figure 10. TVOC Reduction During Ventilation Fan Operation

PNMsThuinfureneweed SGP30 warinauszutsaniAlunisanAfessvesia (TVOC) foulsy
MINUTDINAENTZUIEDINIA ATIvIAT TVOC e 184 ppb %dagﬂuizﬁu Medium uagiflewnauszuigeine
vhaowsieilondiunat 5 uii wudnA TVOC anaamde 25 ppb uazseiuganmeniaeglusesiu Normal 1
MIUSBUIBUNUIIAT TVOC anad 159 ppb
6.3 nan1susziliuauisnalavesfldnudessuudauaseuvindaaies

nan1sUsEiiuANRnela Tnayadunisiiansanaumizaiayataenaerin svinuluwiay
druvesszuudauasearngaaies Tu 3 asduseznounen Ae Usedndna UsednSam uag Auiienala 3nnngy
éﬁatmai'mu 10 AU ﬁiuﬁumammﬂmeﬁ UINTFIUNITIAVDIRLASN 5 SeAU fall AzuLURAY 4.50 - 5.00 Ao
mrmam (Very High) ATLLWRAE 3.50 - 4.49 fio 1N (H|gh) AvLUWRAE 2,50 - 3.49 Ao U1una1s (Moderate)
AzLuLLRiE 1.50 - 249 Ao wald (Fain waz Azuwwade 1.00 - 1.49 fie A5UTUUTe (Needs Improvement)
NaN13338 M4 Table 2

Table 2. System Performance Evaluation Results

Evaluation Criteria X S.D. Level
1. Smart Shoe Treatment Cabinet (Hardware) 4.80 0.42 Very High
- The shoe treatment cabinet is easy to use and not complicated. 4.50 0.53 Very High
- The sensors and devices operate correctly as expected. 4.70 0.48 Very High
- The automatic treatment system operates efficiently. 4.60 0.52 Very High
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Table 2. System Performance Evaluation Results (Cont.)

Evaluation Criteria X S.D. Level
- The manual treatment system operates efficiently for each 4.40 0.70 High
device.
2. Mobile Application (Software) 4.50 0.53 Very High
- The dashboard display is clear, easy to understand, and not 4.70 0.48 Very High
complicated.
- The device control section is easy to use and not complicated. 4.60 0.52 Very High
- The system responds quickly when commands are sent via the 4.60 0.52 Very High
mobile application.
- System notifications, such as “Treatment Finished,” are 4.60 0.52 Very High
accurate and clear.
3. Overall System Satisfaction 4.70 0.48 Very High

Overall Mean 4.65 0.50 Very High

310 Table 2. naMsUswiliuysyansnmnIsvinussuy sglainseduanuisnelilaesiuvessyuvegly
sEAULNTign (X = 4.65, S.D. = 0.50) Tngiflofinnsanidusedenuin ludiuwes dauaseasin (Hardware) “ns
WeuvemuwesuazgUnsalnig 9 Wulvegrsgniesniudin1ands (The sensors and devices operate
correctly as expected.)” 1é’§ummﬁawaiﬂuisoﬁ“wmﬁ'qm (X = 4.70, S.D.= 0.48) ag @2IUYDI Mobile
Application (Software) “wtinn1suanina (Dashboard) daudaiau wiladie wazligudou (The dashboard
display is clear, easy to understand, and not complicated.)” 1@’%mmﬁawa%ﬂm:ﬁummﬁqw (X = 4.70,
SD. = 0.48) lefinsandndsauunasgu (5.0) luasshideussidunuididegluag 042 - 0.70 Feusd
nauegsdimuiuaenndesiulusdiugs uaznanmsuszfiudiamnidetio

6. #3UNan13338 (Conclusion)
NnmsimuLaUsEiiulsEAvBamusadauaseandeaiesiiterunuasesnauliifisUszasd wudy
ssuufieonuuutuaunsaveuldasuiaun s ingUssasduesdassnu sdludunisaausuartuy mafidn
dolsn uazmsaanduavaunigluseadi Tnsssuvaunsadnaulansvinnuldegsgnieuasnmmzaniumsld
Nuase Adlsdvaveusisvesiald anuavainauiglunisldau uaslidmwadseanmusisesyi
amaUsiiuUszdvsammsieulasnmns sy Flétimnufianelasioszuvegluseduanniian Taodl
Aadsanufiawelawiniy 4.65 uazAndsauumnasguminiu 0,50 uandlifuindquaseaindaadesiivamuiu
fiusgdnsamgawarannsanavauewienuionsveaideuliduee1ed

7. 8AUTIwNaN15398 (Discussion)

INNANITNABBINUI miﬁwmimﬁ’umaaizuummummﬁu £98 UV-C szuuniuazeniingn uaziin
auszuIe1ne dduthoaniadefineliinnauldfisszasdnelusoninldotanunzay deaenndaiu
v«aﬂmimuqmaumEJLLasmimuquammwmaawﬂwmmwmmeuuuazmiasauﬁuawamwLﬂuﬁ%waﬂﬁ
relsfiAnnaulsifiesUszasd uazaenadediy Sottani et al. (2023) Afigatiin$sd LV-C fiuszansamgdunis
mmamawuﬁﬂﬁamawa%w wazaunsaannstudeuldedndideddluiiuita

uaNINY 5~U1Jmmmmuamiumwmau%mwwmulmammmmammuLLawm’lmmauwm SRRIN
gunanlusazdrshanldaenndostuanmundounislug nanslémunuinfsssuumuausaluifuazssu
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Abstract

This research investigates the development of a monitoring system for information environments
operating behind Carrier-Grade NAT (CGNAT), a significant constraint that prevents direct access from a
central server to client nodes. The study conducts an in-depth comparative analysis of two architectures:
(1) a Pull Model operating over an overlay network utilizing Tailscale technology, and (2) a traditional
Push Model transmitting data via a Pushgateway. Experiments were performed on a live system deployed
on Microsoft Azure, with network conditions simulated using pfSense. The results reveal significant trade-
offs between the two approaches. The Pull Model via Tailscale demonstrates superior performance
regarding alerting latency, real-time data continuity, and enhanced security, as it eliminates the need to
expose public ports. Conversely, the Push Model is distinguished by lower system overhead on client
nodes and greater configuration autonomy. These findings provide guidelines for architectural selection
based on specific use cases. The Pull Model is recommended for scenarios prioritizing high security where
specialized configuration expertise is limited; Tailscale’s underlying Zero Trust Network Access (ZTNA)
simplifies deployment through single-account authentication without complex setup. Alternatively, the
Push Model is ideal for resource-constrained devices, such as 0T, provided that expert personnel are

available to ensure secure configuration.

Keywords: Prometheus, CGNAT, Tailscale, Pull Model, Push Model
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1. uni (Introduction)

Tuthgtuszvumeluladasaumaiuiladfyuosnisiuindougsie anseauadn Soanaumasiu
lytuas (Cyber Attack Trends 2025) 31U 2568 §148931n1ayavedd1iniuanuenssuns Mssnwiay
TunsUasndeleuesuriannd (anus.) (National Cyber Security Agency, 2025) wuinn1snenenulaufissuy
Lﬂ%ﬂjwﬁﬁmuﬁuqaﬁu Fanszuuidses (Monitoring System) Waaauandnsedumaiedlifiuiiiens
dmansznusionnuideiuaradaudsmednsivedimmama fatumsaihse Suasianuaniugresszuy
Fadudsinaladlfiiteligauaszuvannsaiuiie mnuiaunduazuilvtlgmldiuieiiaiesdle Aldfuaiy
JYUDYIUNTNA8AD Prometheus Way Grafana S'ﬁaimaﬂﬂﬁazﬁwawu’lugﬂl,l,uu Pull Model (Saputra et al.,
2024; Sirvis, 2021) ¥38A15A9T0YA 59910485 8aUaEN4 Lwidﬂu&mﬁﬁ]ﬁ;ﬂ'uﬁ IPvd v1auaau lHusN1g
duwmesidn druluadwiuanldvalulad Carier- Grade NAT (CGNAT) (Hritcan & Balan, 2024a; netElastic, n.d.)
vinllnundanemalaidl 1P Adu Public IP 1Ju vesfuesdawalit Server drunansliannsadhfadiofstoyals
Hymildmansznulnensaionts vimsdans stuulefiadelmiliinas@uns Monitor 1desnouiianeives
Wﬁmmﬁﬁﬂmﬂugﬂuvv Work From Anywhere (WHA) ‘vﬁaqﬂﬂifﬁ loT (Hritcan & Balan, 2024a; Saputra et al.,
2024) finszaneog auiuiiving q nnsmuNnIITIANTINTkIL TRy dindaduluiimsldituouduu
Aeldnns Push Yoyar1u Pushgateway (Hellstern, 2022; Prometheus, n.d.a) %dLLﬁﬁ]a‘:‘d’JEﬂﬁﬁ\‘i‘aj@yjﬂa@mﬂlﬁ
usifuan afeamndssiunasndsainnsdane smansisas 1y Port 9091 tesudeyaanaeuen
Dumsiiuiufinislaud (Attack surface) lfurszuu wenaninisldimalulad Virtual Private Network (VPN)
LLUUégatﬁul,ﬁaa%ﬁﬂqimﬁsﬁaada (Hritcan & Balan, 2024a; Hritcan et al., 2025) LLﬁ%szhsJLLﬁfJzymmn%awfaiﬁ
uafifnudlymiFes anududeulunisuinsdanis Routing waziinnszwesszu (Overhead) g9 dsdawasio
anuseiiios vesteyalusruuihagf fewninuideiiajatunsiunsutesiomddds Research Gap) Tng
nsAnvwanUleudieulssansamuazaisiunsUaenfovesdandnenssuuuu Push Model wuussiiuiuwua
19013038 nH 14 Overlay Network Ul Ug183LLIAR Zero Trust Network Access (ZTNA) (Cloudflare,
n.d.) TngauideiiiniauemsUszgndld Tailscale 330U Microsoft Azure uag pfSence LitponuuULaL IR
anndmenssuszuuihsgsguuuulmifiannsavhauldegradiussans amuasinzaudumsldauluguuuusing
q melddediiavenaotny CGNAT fiiinasnuideiduatiuayumaininisuagnsuszgndldan (Research
Contributions) fasialuil

1. sudmnssudssend (Applied Engineering Contribution) auaukuInIeansiamssuy nseds
WUURANNEATY (Hybrid Monitoring Architecture) 7 anusaldnalnauuu Pull Model 489 Prometheus H1u
wn3et18 CGNAT lalnglidndudesanesnaisisuy

2. A1UN1TATIENTUUTeULTIgY (Comparative Contribution) 3nviveyaiieusednty (Empirical
Evidence) tilew3eusite usad¥a I n1svasaszuu (System Overhead) aumiiaslumsudaiiou (Latency)
wazAatiusvasdaya (Data Stability) szvinaesandnenssuiileativayuns dnauladanalulaglussdng

3. Aungud (Theoretical Contribution) ¥818Y8ULIALUIAA Zero Trust Network Access (ZTNA)
1Ugfifves Observability lnsuandlifiuiinisideureuuudsiinuvaalnun (Identity-Based Connectivity)
ausaannNutaLgIsEnIenainfalaya (Reachability) wazausiuntlasndy (Security) TuinSatedill
Wndetle (Untrusted Networks) léegnsfiuszansua

2. IngUszasAsuITe (Research Objectives)

1. WleWaunazeenwuussuuLsz S aUssans annuazanulasaseliaiunsarhausues oo
Fo911n CGNAT 1aa3s

2. W efnwnazUsziduUszansamaartnenssuwuy Pull Model 7 vn91un1u Overlay Network

(Tailscale)
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3. Wesuguanuwana19vedan1dnenssy 2 jUwuy (Pull Model H1u Tailscale fiu Push Model
wuunaay) Tu 3 aundfgy Ae Aulszansnin anuneailunisidufoulazauAuUasnse

3. NINUNIUTTUNTINLBLNQEfNAETa4 (Literature Review)

3.1 LUIAALAZUANNITVDITZUUATIAAANIY (Monitoring Concepts)

nsdsmuuaziihse s (Monitoring) iunszuiunisiinseunguuansdid dauduiladondndrdnyues msiih
Annuszuuliinavdunisinauaniuy CPU, RAM, Disk 1/O winiuusiluuSunvesniusiung Yaoaseluiues
asfelyal anua. (2025) spyirszuuidhszTadusmsduusnlunsszyauiaund deuflnnudemeas
veremalagitmnevaniadunsfiunuaiuisalunisdang (Observability) liisanszoziianlunsnsiany
oy (Mean Time to Detect- MTTD) uazaslaniafiansgausinuedszuu (Downtime) idsansznulagnss
sionuseLilasmagsAa (Business Continuity)

NILUIUNITVBITZUUATINAANTNANITONUs0DN T U 5 Funou Tdun 1. n1ssausandeya (Data
Collection) 2. n1s3auiudeya (Data Storage) 3. N1suanINa (Visualization) 4. N153LAT1ZY (Analysis) ke
5. MILIuABURAN13NAYU (Alerting and Recovering)

3.1.1 Uixmmaﬁ%miiwﬂu%’aga (Data Collection Types and Methods)
msnusdoyaluiuneuusnuasddniign TnesuuniBnmsuasUssinnvestoyaldded

1. White-Box Monitoring Aon1sfanuszuuannielu lngededeyaidadnaindissuuied W Al
Metrics 9nu@s¥ined Log :nueundiadu uietoyaann Database Widaelidunmnisvansesszuunisly
wazansanansainuRnURRvesszuUld 39 Node Exporter Tuemiddeilfuedosiiousziam White-Box

2. Black-Box Monitoring Aanisfinmiuszuvainaieuen tnelidndudesinszuiunisviauniegly
dulngldnseasunsiniauimsdiaunsadnidduaznovauesldiuiieds F5iierenmsinds wazdinny
Uaensvgausliideyaiideutnadialumsuidameenidu ilifammssuuanaiouen 1wy Blackbox Exporter

3. Pull-Based Model 1 u3Uluu# 58U Monitoring $asvauazid1lufsdaya Metrics 91nLA3 o3
Whamne Juszes q Tng Prometheus Tvdnnsidundn

.. Push-Based Model dugUnuudilnunvaneymadudisdedeyaldaszuu Monitoring nane 3
Prometheus sae§umsvhauludnvasdriiuduussnauilgonia Pusheateway Litnzdwsusuivhau lu
svevdy 9 (Short-Lived Jobs)

5. Metrics foyaiBsuSunaildiaussansammesszuudl 2 Ussivmdnde

1) Counter Aftifufiutudes 1 wuswudidivuivled
2) Gauge A1 @ ﬁ;mna’ﬂmnamﬁn 19 §n5INsIEU CPU

Tnedayatszinn Metrics Miuiidnifudosniuasiesonsinadunmeeda

6. Logs TauafiszymeaziBuammnisaifiistulussuy utoyafiosauazuiug udldnineinslu
mM3daiviagyszananagenn
3.1.2 m’sﬁ'mﬁ"uLLaxn'm,Lamwm’J'ayja (Data Storage and Visualization)

1. foyaiisrusmmnsniudogniafveindiussansamiiieieiensdudunarinsei lnaamnedoya
LUUBYNTULIAT (Time Series Data) dadudoyadifiananifiuteyauazarvastoyatiu 4 Prometheus 1f
oonuuugudoyailidmiunisuanmaluszuuiiendt Time Series Database (TSDB)

2. upuosa (Dashboard) denansmdnlunmiiaueteya uavuesafinnsilinguszasdndnou wazuang
foyaiiduiutmualumidenieierensueiines dsmideilléidenld Grafana WWueesdiolu msadaues
vesAuanHatayaIn Prometheus iasmnile B unaraisnuniy Ul fiugiuves Prometheus Los
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3.1.3 M3leseiifeainuiiuasUaande (Security Analysis)
nnmsvrdeya dafudeya uaznis uanwasouAtsmsiesgideyafilduninfndeasdonie
Anunfvesszuulny Fasaedildifiusiusumn uwanendusivendslymiissfauazaninsanianisalls
3.1.4 nMsudaiauuaznisiau (Alerting and Recovery)
maudaftouilidmiussuuldaunsoilusa viedamstiymldfesies wasdoddsunautlaanndaua
Famsudadeuiimsuiafounueinsigldsuile lilddwmuanan Metrics iisegrafsmilidisannisuds
douiilisuduls Prometheus @l Alertmanager fisenuuuanifiodanisnisudaieufiaunsodasieludwoma
8u 9 0i1e luaAdeiflals Alertmanager densudaiiouldil Telegram
ogslsAnniluaninuindoniifidedinnsithiis (Restricted Networks) og1s CGNAT msldaaninenssu
wussRunUszaudymisesrnuannsalunsidnis (Reachability) Falugmaidenld Push-based Model
N1 Pushgateway winanwideves Hritcan & Balan (2024a) Fldifiuinaandnenssuuuu Push enauanundag
arnududoulumstanisautaenfouaznisauvesdiuniigedu
3.2 amUnenssuuazasAusznauvas Prometheus
Prometheus Toinusasavesnisiiinnussuuinsmdsazduiifonduegrann uonanmssiusm
FoyauvuSealfluuuueynsunian (Time-Series) tleuansnadoyadilsuud Sseannsafmundlfudadould
fideamasing q ldegeiemeuasduhausanfussuudy o euu Cloud wag On-Premise léogsmannvang®n
#ae lutat ot aswafisuasyauddndu Prometheus TWunniu il oflidlassdusenauiaznisyiauves
Prometheus
3.2.1 néNN19YIN91UYBS Prometheus
Prometheus M98 Walawaulviviaulud1u Monitoring laagnediussdnsanaienisesn wuuy
Wawnsulidinsiiusiusindeyaluguaes Metrics wuu Time-Series Data i n15ifiu Metrics Information g
#1 Metric Suagiin1zssy Timestamp was Record Foyalidae sl Option Tun13seyuuy Key-Value Pairs lag
\38n31 Label ¢ Data iU Metric ¥84 Prometheus (Prometheus, n.d.)
vdnmsvhaiidiaues Prometheus Aon1svinuluguuuy Pull-Based Model 1uns# Prometheus
Server LilUflsdoya (Scraping) 9niaiestimsneduszey o audmuaaiveslwd Config Agdarnenls s
Config Fnihdulug YAML Format Tne Prometheus uwdsudnmisvinemundn « I
1. m3viudeya (Data Collection) Walandnwes Prometheus @an13 Scraping Taya Metrics 911
wdsamneitvualilngazds HTTP Request LUt Endpoint #iedn /metrics ustay Target mnuaaniinaly
1.1 Targets fia Service #39 Application 15790901592 Monitor Feagdasiianiiin Endpoint
/metrics \ifel¥ Prometheus L%’Wuﬁﬁ%'auablﬁ
1.2 Exporters A3EI7 U9TTUY 1Y Database, Hardvvare %139 Message Queue ) Taidi Endpomt
/metrics uilisnanunsalilusunsusanansiiendn Exporter I¢ @1 Exporter agsihmihiifedayanszuutiu
uduvadliegluguuuuil Prometheus inlaldreuazitiaiiu /metrics Endpoint 19 Prometheus hsnfsdioya
UBn# wiantinenssuiiasdlidmnesmumusdnnmsisoyaldios (Load Control) usilusuAdediiiusnd
wuiilassdrauuuiavdumariufidelnunumenisegudsszuu NAT wie Firewall flsiaygelisinsidense
41441 (Inbound Connection) dafiuussifuvdniisuideisariuudla
an1ilnenssuuuy Pull-Based Model fiafifin Prometheus x1duguédnansiiyindioadudeyaain 7
Tatwaganunsansvaeulaviuiivinidmanelnuidymuas aunsofsdoyala
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( = Service discovery Prometheus )
J‘ Short-lived , r : alerting 4 pagerduty ‘
jobs . \ J
kubernetes file_sd i )
push metrics = : Alertmanager |- -“ Email ’
atexit </
T discover
s targets * notify
'{ etc ’
Pushgateway Prometheus server
. push
] ; alerts
pul! S—— ‘ Retrieval { TSDB « ‘ HTTP
metrics ‘ | | server

PromQL

g X .| Prometheus
web Ul
. x .
‘ Jobs/ Node M Grafana Data
N ‘ R visualization

exporters
and export

Prometheus

Figure 1. Prometheus Architecture

Source: Prometheus (n.d.b)

2. n1sAunndInug (Service Discovery) mnflaninwind oudi dudoust 13 Microservices 3o
Kubernetes n15f1ua Targets WuuAl (Static Configuration) 8199 llagmningiz Service s q 819xdins
@519 au w?aé’wﬁa&uimaamnm Prometheus 3flaruanunsaidenia Service Discovery wiafuwm Targets 719z
¥1n13 Scraping laaenednludf 1y

2.1 Kubernetes Service Discovery @u135aAu Pods wag Service ey Cluster v
Kubernetes leilo9

2.2 Consul Service Discovery Mfuszuufiamzideu Service 13U Consul

2.3 File-Based Service Discovery 81utaya Targets 91nbna JSON %30 YAML Faanunsosuanle
AABALIAT

3. m3dafiudieya (Storage) Teya Metrics fignasunazgninifvadlugruteyaiiosnuuuaiiieteya
WUU Time Series Inglangisenin Time Series Database (TSDB)

3.1 Data Model oyausiazynazgnszysiey

1) Metric Name Fovasendin 1 http_requests_total (#1142U Request Havian)

2) Label Key-Value Pairs ﬁleﬁsuq ﬂqma“ﬂwmwm Metric ‘ﬁyu 9 1% W method="POST”,
endpoint="/api/users” yil¥isasnsansesazinngudeyaldog1sangunsvasuidasaives Label 1a 4
agfiaindu Time Series Tualviudl

3.2 Sample Yayausiazanlu Time Series Usznausg

1) float64 value A1UBY Metric

2) millisecond-precision timestamp wmﬁﬁwﬁwaﬁu TSDB 994 Prometheus Qﬂﬂ%"ULLm
wlvdafuuardudutoyaussinnildesmaiiuasiivssdninngs

4. nsduRuteya (Querying) e PromQL wletiudayalduda 151anunsaduiunazihdayaun
Ainserlalagldniwiifiidedn Promal (Prometheus Query Language) %!ﬂLﬂuﬂ’w’lﬁlgﬂaaﬂLLUUNWLW@VT’N’W
U Time Series Data Ingiawizisaanseld Promal s
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4.1 1en (Select) Time Series idoen1slnedned391n Metric name wag Labels
4.2 304 (Filter) Yoyanuitoulusing
4.3 734 (Aggregate) Toya LYW MHATI (sum), Aade (ave), ANEaER (max)
4.4 funm Sasnmswasunlag (rate) n1sAnnI1sal (predict) ) uarilerdusu 9
5. Msudaiiew (Alerting) uenantiu Prometheus Ssanunsafmundeulunisudaiiou (Alerting
Rules) lasne Taen1sieu Rules A28 PromQL
5.1 Prometheus Server 9gvhn1sUszanana Rules fsiwmiunlilutasnaniidmun
5.2 dledoulunsefu Rules fifviun Prometheus azdwdaiouluddndruusenauiliiondn
Alertmanager sviuti#isu Alert 10 Prometheus Server u&13nn153wing 1 Festeluil
1) Deduplication saum3udafiouiiedousufusuiien
2) Grouping danaumsidafouiiiedesiu wu Jamilinan Cluster ety
3) Routing dsnsudaieuludadeamsiigndies 1wy E-Mail, Slack, Telegram
4) Silencing & Inhibition ausadslansudafoutinsn wiedaddunisudafeusid ol
wasiounaule
6. Msuanana (Visualization) Prometheus 3 Web Ul d1113u Query wazgnsmiuuudng o uslaevily
wdafienldsaufu Dashboard fadu « Taelany Grafana dsanunsardeusiartiu Prometheus Wy Data Source
\fioa$ne Dashboard fianevuuaznauldls

3.3 F991MAYDITZTUULADUIBWUY Carrier-Grade NAT (CGNAT)

NAT (Network Address Translation) fewaluladildutad IP Address saanIornanielu (Private IP) 19
1P Address wouin3atienisuen (Public IP) i elviresfinnefuazgunsalluiaietnsamsnidousafy
Sumesidnnieuenlacie Public IP tislefitfen

NAT fvaneguiuunsvinnu Taoudn 9 asudslddsd

1. Static NAT 18unn3dug) Public IP #u Private IP nilsseniisegsamsinldfiuidsniesidesnisls
AU MeusnamNIaItslanaaaIan 1w Web Server 3e Mail Server Hugiu

2. Dynamic NAT iun133ug Private IP i Public IP Luu wilatendlaguiu ug Public 1P QNG
970 Pool ‘171"m%‘wlﬂﬁaﬁﬂ’lﬂﬁmuﬁa3QﬂLLﬁmmﬂ"L”i°8'"m3n LﬁaLaﬂiﬁdﬂuﬁasgﬂﬁuﬂé’ﬂﬂé’a Pool 1Uu Public IP
wuutangm

3. Port Address Translation (PAT) %138 NAT Overload Liusunuuwes NAT fifeasnniigalutlagiu
ﬁgﬂuﬂmuazENﬁmﬁﬂmﬁugmmumsuﬂm Private IP wane ¢ IP TlUld Public IP 1ieslefitien lngazld
waBLaYNesA (Port Number) iunnsinadulunisusnideyayalnuduvesneufivmesiadadlaviliusnda
Public IP l¢iunnilan

Carrier-Grade NAT (CGNAT) fen1svi1 NAT Tusgduglviuimsdumesida (SP) wiefi3unin Large-Scale
NAT (LSN) shewmmmandningiz Public IPva vesinlanliifiemesediuaiugld nisviauves Carrier-Grade NAT
(CGNAT) umsiiglsiuinisdumedidn (1SP) thmdnnns PAT suszgndldlu Scale vunlnglnelvgndmane
Truvdevians q ssAnsuued Public IP Address wigniuain Pool wes ISP Aiflmsenly nafiinduresnisieu
LUy CGNAT ﬁul,muﬁ Router fithun3oasdnsazlésu Public IP Tnensinduldidu private 1P ﬁasﬂum%aﬁhwaa
ISP 91nthu IP T zanuluvin NAT Snduiiila 1SP iileuvaadu Public IP 4391 AR NAT Fouru 2 $u

mammmuﬂmﬂumamﬂmm LUININFITBve0uI el nsznsviheuiifunasgiuves
Prometheus e Pull-based Model smudeuselumiaisstmuneldlilnense Femiddeiilduslatymeae
nsldanunIetiealoutausiusiy Tailscale
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3.4 eeandsan1lnanssu Overlay Network waz Zero Trust
MnndesfnvesnuddefiitwhlimiseinituasAnvanedseiiietudesiing emmeeen
ThuAdesenisihaninenssuuuu Overlay Network Wl uay Zero Trust iiielaandinenssuienisedd
Toawaueanuniiussansnmlanulalasinnulasnse
1. WS evgausauuudausiu (Overlay Network) fewn3ageiaiiou (Virtual Network) fignasnstu

Y
s

Fousiuin3adauuun1enIw (Physical Network) it susiaag i nadfslulanvesneufiaimes Underlay
Network fifegunsaiifinisaata o 1u aeieida aind 5unef Adousoriu dau Overlay Network #o 1a3etne
399330 (Logical Network) flas1stulngldwonduns ieifoudegunsaising q dhdefudy wietreaiiou
Tnglisndudesaulaingnsaimanduasidonsoruagndlslunsnienin veudliausadedoya unfud
\A38918 Underlay lanne
2. WireGuard Aagansiwis VPN (Virtual Private Network) uulainugasa gnosnsuuanagnasay
1 Insnaziianuvasndvgs deldsumseensuegriniawnaazgnsadidugiunisves Linux Kemel
\umsmiudtsussansnmuazanuundedie
M&NN1399ULB WireGuard HuurAndisi1aa1n VPN kuusafinegns OpenVPN #3o IPsec a8ins
duds Tnewfunrnudsudouasld weluladasfelnl vdnnisvionuanansowdeendude 4 e
1) Public Key Cryptography Juwilandn unuiiegldiszuu Username/Password 13 Certificate
fidudiou WireGuard 1438n1sadneiu SSH (Secure Shell) TumsBudusnu
1.1) WireGuard agliieni1 Client w3 Server ustazi3ondn Peer Sauindiouriu
1.2) utay Peer 93a¥9 Key Pair 4942109 5Usznoude Private Key neyuadausafifoai
1fuu gunsalvesiniesua Public Key noyuatiliuaniudsuvionandngliify Peer du 4
n5ud euseaziind ufnele Peer aoall suaniudeu Public Key fuunazs salulg
configuration 31 Public Key ﬁiﬁ%’uagfymﬁlﬁﬁamiaL%’W’ﬂ,é’f
2) a$199lu9 (Tunnel) iFeudiewlo Peer iaaasilsdl Public Key vos8ninaud WireGuard 9
a$ Bumedimmiedotneiaiion (Virtual Network Interface) Susmuugunsaiveusasistoyaiammniaduin
VPN aggndadnaniiuimesinmatioutneu
3) nMsviesiudeyauazidnsadeya (Encapsulation) i edaya (IP Packet) 3 sidunluglasd
WireGuard agvhnszuaunissoluil
3.1) W59 (Encrypt) Innsidnswadisimauaziuaie 1wy ChaCha20Poly1305 wilerd5ia
foya Viavun
3.2) ¥iosfu (Encapsulate) thifayadidrsviaudluldlilu UDP Packet nltdonld UDP unu
TCP w31z UDP finnududeutiosniuaziiiniiun wangdmsumsddeyauuu Real-Time 8819 VPN
1) dstoyarinuBumesiiin UDP Packet ivievfudeyaiiidnsaly azgndsinueiovisdumesidn
Unfluga IP Address wag Port 484 Peer Umemsfiszyliludiaoudin
5) nensauardselUdsaems e Peer Uanemnsld3u UDP Packet uén
5.1) as1adeunaznensvia (Decrypt) 14 Private Key vosilaauar Public Key vosgdiilonan
sadeyaiioginly
5.2) aamaua‘waﬂwaw (Decapsulate) \ioth 1P Packet mwaamﬂuaaﬂm
5.3) dasie IP Packet tuslalufanensiiuvinidluiaiotnonielu
nspvaunsinaliifad uegemaniuarlivineinsiad eadesuin vl WireGuard i
Uszavisnmgauazifuiilionndn VPN LUURAL
3. Tailscale Aausnisfiasruasedredusaaiiou (Virual Private Network) n3efitienin Overlay
Network Fusldegnsiene itedouregunsninniaies wu reufiuned Insdwi @nines Wdetuaghs

[8 of 18]



—f
May-August 2026, 4(2), e3760 Journal of Computer and Creative Technology r=l r=‘l= ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.e3760 Nsasreufiamesuasinaluladadnsassd _/J‘=’=” ISSN 2985-1599 (Online)

(Research Article)
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Pull Model H1u ZTNA sz Push Model uuusaiiu Tnsianglufifivesnnumiag (Latency) uazn1ssamuved
58U (System Overhead) neliflA3atine CGNAT fifimssudsdioya Metrics athesaiilas

4. NIDULUIAAIIUITY (Conceptual Framework)
4.1 mseanuuuaaUnenssulagsiu (Overall System Architecture)
fidelddransandnonssuesnidu 2 U uuuvdn evhmsvaaeuouiieu Téun
1. godmenssunuy Pull Model /1w Tailscale 14 Prometheus Server uu Cloud (Azure) dWousiofiu
1A389 Client H1uglueA VPN[2, 3] e Tailscale (WireGuard Protocol) Lﬁaﬁﬁagaﬁa Scrape lngnsuaiou
ag Tuas LANeafiu
2. an19MunNTIULUY Push Model 1A3 04 Client 9554 Script Ll 9@ w30 Push Foyasanluds
Pushgateway ﬁ@zﬁagjuu Cloud shudumesiinansisaerdwndudeiinnsda Inbound Port 7ids Cloud Server
\iesutoya
4.2 MSAIIUANINUINADNNITNAAD
nsnadeusiiunsingldindesdiouaraninuindeusal
1. Server Side Anfsun Microsoft Azure Virtual Machine FusruuuURnis Ubuntu Server 24.04
LTS aﬁmzd Prometheus, Grafana, Alertmanager k8¢ Pushgateway
2. Client Side $1aasWiustanenedie Virtual Machine 7l vRouter (pfSense) iias1assaniniinden
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Figure 1. Architecture Comparison Pull Model via Tailscale vs. Push Model
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VM Name IP Tailscale IP Description
Main-Server 192.168.1.140 100.87.179.19 Intel Xeon E5 2690, Ram128GB,
Storage 1TB
pfSense 192.168.10.1 - 1vCPU, Ram4GB, Storage 50GB
Monitoring-Server Azure 20.6.xx.1xx 100.88.117.65 1vCPU, Ram1GB, Storage 30GB

Tailscalel 192.168.10.113  100.127.147.51 1vCPU, Ram2GB, Storage 20GB
Tailscale2 192.168.10.114  100.116.144.14 1vCPU, Ram2GB, Storage 20GB
Tailscale3 192.168.10.115  100.100.234.23 1vCPU, Ram2GB, Storage 20GB
Pushgateway1 192.168.10.110 - 1vCPU, Ram2GB, Storage 20GB
Pushgateway?2 192.168.10.111 - 1vCPU, Ram2GB, Storage 20GB
Pushgateway3 192.168.10.112 - 1vCPU, Ram2GB, Storage 20GB

Table 2. Software Details

Software Version Description
Ubuntu Server 22.04 LTS Primary Operating System
(szuuduRnIIvian)
Prometheus 2.53.1 Metrics Collection and Storage System
(SEUUTIUTILLaYILAULLASN)
Grafana 12.0.2 Data Visualization System
(sruvLanINataya)
Node Exporter 1.9.1 Metrics Collection Agent
(Agent 57UTLUATN)
Pushgateway 1.11.1 Gateway for Receiving Push-Based Data
(Gateway dwsuSudayauuu Push)
Tailscale 1.88.3 Overlay Network Creation
(@5191A39918 Overlay Network)
pfSense 2.7.0 Virtual Router and Firewall

(Router wa Firewall wa@ilaw)

5. 35aHueUIY (Research Methodology)

5.1 MaiusIUTIULasInTidaya
myianauvseaniu 3 TAvestoya ik
1. 715298352UU (Systemn Overhead) San1slémsnensia3aa CPU, RAM, DISK /O waz NETWORK
/O w041A3 83 Client Tneld@1de SAR (System Activity Report) vt v ufinua Tuaniug Baseline vaua3 84
FSnesuarivuaUanemeiivhenlusausUnfindandernuazfings Node Exporter 13audasuazdanisldnu
Tailscale uae Push Script Viftei3ouifiouiu waldeu Pull wag Push Model Tnsifudeyarieiiosiomn 3
a0z aauray 4 Yalus Tneiuiaeieadsrneiuasinundanemaiounsandu 24 $alus
2. AMtIaveenskaieu (Alerting Latency) Inen1sduniansausszuuisusiassanunse]
An Unf (T1) audaiandt Alertmanager n53aWU (T2) waziiandi Teleeram esunisudaiiou (T3) witew Total
Latency dnsudsiildsassanunisaflunsnadeunisuiaiioulns 1/ds stressne Wionadeusu CPU
U RAM @2 Disk azdrasslaenisadralidvunalve) way Network agldends iperf3 Tunisnaaeu laenis
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nagpuAIMLawesnsud aieuilildusuaile o Wiandia (Default Configuration) vilsiaanit Notification
Latency (T3) asvanvasdunaridndeulues Alert 7 3 wiiivde 186 Junit ielduadns Hanuaudrazaiun
WAaAY (Average) uazA1ALLT B ULNINTIIU (Standard Deviation) 1sudsiiou azdrassaniunsel
Ve & f1ufle CPU, RAM, DISK waz NETWORK uuseanilusiassiia Pull Model #1uaz 10 aSauaz Push
Model §uar 10 aSasanduiionun 80 adamsudaiiou

3. Ussiiudumnudaendensleues Sinseivszdiutesinisuanulasnsouazanudidede
vansdedeyalagaruniulaenivvessruuagiasiesiluinseUseyndld Zero Trust Network Access
(ZTNA) m3tugdiusinu (Authentication) nsid1swadeya (Data Encryption) ANUEEIINNISAIN(Third-Party
Risk) wazAuLdssaInnsanatunelu (Lateral Movement Risk) tugu Tagldiiuleddliuinisuanumesn
(whatismyip.com) kagIiAT1eiiBennnm Qualitative Analysis AuvIgus) (ZTNA)

5.2 Process NS2UAUYINIUYVDY 2 dardnenssy

T T =
On-Premise Infrastructure (Behind

| Pull-based Model CGNAT Erric)
User&Notification Clients (VMs, Push-based Model
L - pfSense) l
Admin i Node Exporters [¥] — ™ Clients (VMs
% | Pull Metrics l *
k pfsense)
pull Metrics via x Mode Exporters
Taillscale |_ e e e R e _‘_ — _l_. _/“ — il e _-l
L ! |5 =4
Microsoft Azure Virtual Machine s
View % 7= 22 "
Dashboard - — _| Prometheus Server .§ Pull Metrics ’ Push Script
™~ On each client |
Alert Re|su|t Scrape ’ { ! |
I | Grafana Prometheus ’ |
Alerimanages Dashboard Pushgateway ' |
E Push Metrics via
J N = I - internet J

Sends Notification
Figure 3. Data Flow Diagram

1. nszvaumsvihauvesandnenssuwuufstoya (Pull-based Model)
an1dnenssuiiddnuagnishandi Prometheus Server iugudnansnosmuauLazEINTYINL

savn Fatunousiolui

1.1 N33UILNSI3UFL Prometheus Server Aviaiuaguu Azure flsivinns Config lol37niilefis
nandifnuals (Scrape Interval) Prometheus azdeA1vataya (Pull Request) T uaseadmunefideanis
Anmna

1.2 Mmaideusio Avesinanazgnasinuiaietisdiuiives Tailscale AvimiidiUuglued Tuns
deansivasnsfouazidrsiateya (Encrypted Tunnel) hlanansadousefuindsatmungldlnenss usin
Lﬂ%‘lmﬁ?u%ﬁ’muagiwé’d pfSense w3ata311AI09 CGNAT AR

1.3 M3neuauas e Node Exporter vuadssitmngldsudive azvhnssunuteyamnin
AnuLANaNvBNARS 1U CPU Ram uédsnandy (Result) lUds Prometheus Server riuglusdvas Tailscale
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1.4 myUszananauaznsuansea 1o Prometheus Server lafuteyaiuninud azvinisdaiiu
8951UT 0 Aa0UNTULIA1 (Time-Series Database) Wa¢ Grafana Dashboard 9¢@ 9983 @ (PromQL) 311
Prometheus Server thluuanamaLdunsivluazinsauaui Admin arunsodiumsaaeuls

1.5 maudaitou mndoyaumrinildsuiafaundviolidulunungfidsls Alertmanager 2z
wih fidanisudaiiou (Send Notification) Tugsesmaiidvualy 1wy Telegram el Admin Sunsuiistywm

2. nsrvumshnuvesanlngnssuuuudsdeya (Push-Based Model)
antlnsnssuiidnuurnisiouiidunnedeatvne eudasedoadmnedutiilunisds
foya vesmuiedluiifanarsiitmun Pusheateway fetunousioluil

2.1 nspvuMIENiY Inseathvsneudaziedes iefisseunariinunyes Push Script fiadidlias
Mauenlud

2.2 MITuTILMazasdeya Push Script axvimsAdeyamninangnain Node Exporter fiviany
98 ULLAT DIVBINLLDY D1NTUILYINTT Push Luadn FoyatunueIovwBumesidn TUs Prometheus
Pushgateway

2.3 fnannsiudeya Prometheus Pushgateway %ﬁﬁwqwua&_juu Azure agvhmtinilusinans
Tumssudeyamainangaiiaiesdmunsusagiedosden

2.4 M3sIvTImteya Prometheus Server azlsiifonsafuinioatmunglasnss usazviinisi
foya (Scrape) 110 Pushgateway dsaglutaietieifioaitu esiurudoyauniniiomaulifdanang

2.5 MIUTTNIANE wansHa waznsudaiiewdle Prometheus Server la3utayadn Pushgateway
nszuuMswdefazmilouduantinenssuuuy Pull-Based Model ynuszms fe Foyavzgndnifiulu (TSDB)
wazilUuansuauu Grafana Dashboard wniindgmn Alertmanager fagdsudaiouluss Telegram

6. Wan15338 (Results)

[

6.1 nan1sauILazasnuUUszUUs TsUsEEnS mmnazauUasadeliaunsarinaurtuas e v el
Fa311in CGNAT ldase

NMIRIAIEUUNUT Prometheus Server a’lmimam’mﬁaaﬂaLucﬂ%ﬂmmﬂ%‘aqLﬂmmaﬁgmmgmmﬂﬁ
dSanazanunsaditeayafing 13U uanINauL Grafana Dashboard ié’ﬂmsﬁwasLﬁﬂ@%uﬁugmmauwiax 130
\Whwane Tailscale Ailduotimesli Insanunsadongineazidendn o vewsaziedodldfonsidonieniowie
Instance tUvang

nce  100.127.147.51:9100

~ Quick CPU / Mem / Disk

CPU Busy sys Wi CPU Cores Reboot R.. Uptime

1 N/A 3.5 hours.

ROOtFS T. RAM Total SWAP Total
1068 268 268
Basic CPU / Mem / Net / Disk

CPU Basic

Figure 4. CPU, RAM, Memory, Network Traffic, and Disk Space Details for Pushgateway Target
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6.2 nan15AnwwazUssfiuyszdnsanaadnenssuuuu Pull Model #ivi191us1u Overlay Network
(Tailscale)

HANISIATIZANITEUBITZUU (System Overhead) mﬂmiu‘m‘ﬁaaﬂaé’wm%aﬁa SAR WU @atnenssu
W 2 wuvadremseliiuedeannsnstuegetaeu Tag Push Model ldmdnennstesniiunn esndums
5u Script dsfoyatduseu « T Background Service Fivhaunasaanmiiew Tailscale vasils Pull Model
nalSsuBunSneInsan Table 3.

Table 3. Comparison of Client Net Overhead relative to Baseline

Nn3nens(Metric) Pull Model (Overhead) Push Model (Overhead)
CPU 2.31% 0.48%
RAM 9,348 KB 5,031 KB
NET (Transmit) 36.54 KB/s 2.64 KB/s
DISK (Read) -17.96 KB/s 45.58 KB/s
DISK (Write) -113.70 KB/s 61.11 KB/s

NHANINAADLIALIN Push Model a5z audiiiuiuain Baseline tiosnin Pull Model ssdu CPU,
RAM waz Network (Transmit) @audvsu DISK wiiesannnisldmids sar -A -o baseline.dat 1 14400 103 o948
JuiinAag Disk ﬁy’mmnﬂfamﬁ Fevilvien Disk imnuiiuriugsdndadauns Network (Transmit) Pull Model &
anssuiigendh Push Model oehailifodidy

Table 4. Comparison of Server Net Overhead

Resources (Metric) Pull Model (Overhead) Push Model (Overhead)
CPU 3.11% 3.12%
RAM 436,230 KB 424,404 KB
NET (Transmit) 50.11 KB/s 67.17 KB/s
NET (Receive) 6.38 KB/s 28.89 KB/s

Tod9nnn198a7U CPU RAM Ul Server Tna tA i ukangAnssu Network a5at1uiu lag w113 Pull
Model fin15zv83 Network i TX 11nn31d3u Push Model 215889 Network fu RX 11nn

6.3 nan1sIguisuauLANAsYasan1dnenssu 2 sUuuu (Pull Model W1y Tailscale fiu Push Model
wuusaiia) Tu 3 fudlddey fo frulszaniam arumasanlumaudafeunazduanuuasnde

HAN1INAFBUAIINNUINIAIUBINITHT UR Y (Alerting Latency) Tuatuadnusalunisneuauss Pull
Model viladninagraiuladnlunnnisnaaey wu lunsdvagau Disk Usage wudn Pull Model Tdaauds
\Wou samiedy 199.7 Jund unigdl Push Model 1daan 217.5 Tu1#t aumawdn 9 11270 Push Model #osds
Foyalum dInataneude Pushgateway Nouv1lilinAI1unUIIAALAULALTOUNITHI9IUYBY Script
NAN15338 #4 Table 5.

MuATeiilen Notification Latency (T3-T2) AnsiviiuaInnsagoUsIain 4 dusuau 80 ads
woniie 2 an1daenssudl 186 Juniinde 3 it 6 Juriilunnniamaaey 1 esun91nANT uFY (Default
Configuration) va4lwa Prometheus I imunl5aand

HaNTIRTIERsuAIUaendenalaues A Table 6.
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Table 5. Summary of Notification Latency Test Results

Architecture  Resource Detection Notification Total Total
Type Latency Latency Latency Latency
Mean(s) Mean(s) Mean(s) (StdDev)

Pull Model CPU 459.5 186.0 645.5 28.27

RAM 39.7 186.0 225.7 50.61

DISK 13.7 186.0 199.7 4.72

NETWORK 18.4 186.0 204.4 3.75

Push Model CPU 483.1 186.0 669.1 29.28

RAM 67.3 186.0 253.3 43.52

DISK 31.5 186.0 217.5 5.44

NETWORK 83.7 186.0 269.7 47.68

Table 6. Cybersecurity and Zero Trust Architecture Analysis
Evaluation Criteria Pull Model Push Model

1. Attack Surface
(F09N9NSLANR)

Low (Strength)
No ports are exposed to the

public.

High (Weakness)
Port 9091/TCP must be opened to receive
data.

2. Data Encryption
(Mswsiadoya)

Yes (Automatic)
End-to-end encryption using
WireGuard is enabled

immediately upon installation.

Supported (Configuration Required)
The default connection uses plain HTTP.
TLS/SSL can be enabled by creating a
certificate and manually configuring the

system.

3. Authentication
(M35EUSUAINU)

Yes (Enforced)
Users must authenticate
through an Identity Provider

before accessing the network.

Supported (Configuration Required)
By default, the system accepts data from
all sources. Basic Authentication or a
Reverse Proxy can be configured to

enforce password-based access control.

4. Third-Party Risk

High (Weakness)

Low (Strength)

(mwmﬁlmmﬂmi The system depends on The system is self-hosted and operates

WQWW) Tailscale’s Coordination independently without relying on external
Server. If it becomes servers.
unavailable, nodes cannot be
paired.
5. Key&Cert Platform-Defined Admin-Defined

Lifecycle Tailscale enforces a key-expiry Certificates have expiration dates, but

(ﬂ’lﬁzmiﬂﬁﬁﬂm) policy for security. If the key is  administrators can renew them manually

not renewed, the connection
will be terminated

immediately.

or configure automatic renewal.
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Table 6. Cybersecurity and Zero Trust Architecture Analysis (Cont.)

Evaluation Criteria Pull Model Push Model
6. Lateral Medium (Weakness) Low (Strength)
Movement Risk If a client is compromised, it Communication is one-way. The client
(mmt,?immﬂms may be used as a pathway to only sends data through the designated
Qﬂa’mmﬁﬂu) access the server, especially if channel and cannot access the server
Tailscale ACLs are not through other channels.
properly configured.

7. Network Access Compliant Supported (Configuration Required)
(ZTNA) Tailscale’s network The default architecture is perimeter-

(ANEDAAR DI connections follow the ZTNA  based, but it can be upgraded to ZTNA by
Zero Trust) principle of “Never Trust, using mTLS (Mutual TLS) or an
Always Verify.” Authentication Proxy to verify every
request. However, this approach increases

management complexity.

MnMTingiRansmadeuLd ssiut asiiulddn Pull Model Hnu Tailscale fiarunadosvesdoyai
undeiondt wasfimuasnfomilawedunnitlunsdianiuduia 2 anidinenssuidesaindGusiures Pul
Model lsidiusioadianesila 9 gansisas @ Push Model dndudoadomosn 9091/tcp 71 Server Liosasu
foya 91nLA30a Client Whmane

7. @3Unan13398 (Conclusion)

NMIAnweankuUiTRuIkaziUTsuisuan nenssussuuidhselsusedninmuazanulasnie
Nugruresszuvasaumad i 2 an1ilnenssudae Software Prometheus lén am{]mﬂﬂiimwuﬁﬁam il
Uszgndlfiaietiemuuudouriuiie Tailscale wazanilnenssunuudsdoyasie Pushgateway tiavmuuImig
‘wmmuawamamﬁumiw’mumsﬂm Carrier-Grade NAT (CGNAT) 1AgIANAIINNITLYDITEUUAIUNUINIAN
maudafounassumuaendelees drasunamavnaeudall

1. AUN1TEITUTBITZUU (System Overhead) Push Model fiaszauuuades Client fisnnan Pull
Model Tuynanumsainaaeuiilesaniinmsdsdoyasgrazoudelasiilidesiu Service 1n 9 1inasnnaas

2. shunrimhsnailunsudadiou Pull Model finrundalumsmeuaussiivilondn Push Model Tu
nnanunsainIadey SedlRiduistenandsussminnisussndanineinsves Push Model fupandily
NIRDUALDINITHALADUYBY Pull Model

3. fruanuaensensleesasdiuléd Pull Model fanuvasadefiduiuguvesanitnenssu
"1 Push Model iesaniidfiugiufinisdnnsiieuasdauuaensofifuaisuduiianidinad siauuy
End-to-End #ae WireGuard dusna Push Model fifnisuduiiuguildsstonisgrlasfunnniusiidedide ns
Jansiiudass

8. aAUs1eNan15I38 (Discussion)

NNsAnwUIsuiisuan1ngnssu Pull Model uaz Push Model Vi3 deAunudawaniufisud
wiAtlA 3 {6 dsedusglanuil
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8.1 HRAIUNITTIUVDITZTUURASNINGINS

nansageutlidiuin Push Model fiuszdnsamlunisdanisninensiuilondt Pull Model Tngsl
§n39n1514 CPU way Network Bandwidth sndradnsiidunaduiiosunannalnaniseuuszaanadu
59U Batch Processing 484 Push Script Y9 unusaukd1aun1svhauluseen Pull Model Aisndudesdu
Tailscale Daemon n3egniinsiiaegmasaiaileousoglusdiedetisuazmsithsiatoyaiiouantunismeg
Huszuuaietieneld CGNAT dmsunisusuldnulusedussuvanelngfifivunUaienisdiuiumnn win
Fudussadenldiuguuuu Pull Model misfinnsandsuseu nsistoya (Scrape Interval) Timanzauiuaany
d1Agyas Metric wield Prometheus Federation iienszansn1seauves Server LL@%EJW%LU?EMEULLUUMS
i AamuszuunuuBealnsdluiduguuuy Hybrid Monitoring Tuauisinademeuls

aay ]

8.2 UARIUAMUNLUNLIAUALNITABUAUDS

AuAMUTIASIWBINSKIBiou Pull Model vildinilondnlasaiunsanevausssowmnnisalinunile
TndlAes AuA191 Real Time unnd1awnguantinain Prometheus Server aunsasdndie Client wWavaneld
Tnensary Tailscale Tuvnigdl Push Model finnsmiisnanazanainmsiiiaies Client iWhysneazdiosdsvie
Push Gﬁ'azﬂa Wit Pushgateway fiau Prometheus Server ﬁ]8L%ﬂmﬁﬁayjal‘dgﬂﬂ%ﬁmmaunmﬁlﬁmum Fovn
Aadgv maaseviesenindoyasvdmalitoyansindduinnuaziinaudilafalunsidse sdinnu
(False Negative) l¢i18nimnseenvesnsiiddesansinamiennundleinludoyail Push Model fidndudos
Usegnd Ton1snsirdeunnunieudayanie Heartbeat 39U Alertmanager gt ouiuiininanves

push_time seconds weluliuszuzatifnualidinisudafouiui

u 13m1 2026-02-201327.07 % Res. (5) Show Exemplars
120

Figure 5. CPU Utilization of Pushgateway Target After Closing Port 9091 on Azure

8.3 finduanuiiuasasadelves
nnsisuitsugaautAdiunudaendens 2 antaenssunannasiussdiuis 7 fuann

aﬁﬂﬂmyﬂLvﬁnﬁ;méauuﬁiaxgﬂuuvﬁnﬁ
1. an1menssu Pull Model ﬁmiaaﬂLLuummﬂaamﬁaﬁug’luLﬂumL%"uéfu %whaammiwmﬁ@ua
svuv uillaudedlunsfionszuunisuen TasgaudeesaniinenssuiAentsvieuuuy Stealth Mode i
Wanasala 9 darsnsaeyinliszuuandoamnianislaud (Attack Surface) wag Brute force 9Mna8uwenta Pull
Model iinnuannndasiuysagy 1 Zero Trust Network Access (ZTNA) Iag Never Trust, Always Verify 9814
auysallaednisdudu danu Wy Identity Provider wagidnsviawuy End-to-End fne WireGuard Protocol lag
§nlusi@ GevawannuAnwainvesiqua w3e Human Error demssyiadesansyuugesiisnn Coordination
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Server ¥®4 Tailscale Iums%‘um Node wn Server f¥gmenvdmansenusenisideuse Iiuaviednuusae
Fr8UUY Mesh Network mnia3es Client gnlaufivsegnaseumaulanderaldilugiulu nmsaunumdedivg
vselawdluds Server 16 mn gouaszuulaifmunuleuts Access Control List (ACL) Tsany

2. an1Unenssu Push Model ﬁmiaaﬂqummﬂaamﬁaﬁumuﬁﬁﬂumL'%'uﬁusuaﬁsw Fadumnse
Push Model umwmﬁuaaimmﬂmﬂumsmmuLLa.vmmLﬂumumsuawauaummaqmﬂﬂmmqumsmm Tunis
mmmiuw{]aaﬂmwuLmﬂ,@m91memﬂmﬂamiaaamwwwmew Client wmmmm&mawamaaﬂ liﬂ,u
Foamaiiiuuawiiy ldaunsadnds Server niawpdavnennelule amumwmammmﬁwm a]f[fu Client wgﬂ
mmmﬁdwaﬂﬁumﬁﬂ Server Push Model \ussuunuudase (Self-hosted) ﬁﬁwmlﬁﬁwﬁuaa Taifaefion
LszjiwnamumauawﬂwmmvﬂuammwmmLLammjamﬂmma"l,mmmﬁfmmﬁmmLamma ﬂﬁwqumauaﬂ
(Third-Party Risk) FansszTiansuduvas Push Model S dudondanasn 9091 Lwasaﬁwauammﬂim
Client wuy Plain HTTP wazlddnsdududinuguadndudesimuissuuanudasnsds wu farsuiass
Reverse Proxy, finsa TLS Certificate uaz fnuum Authentication Wieensssiu auUasafaain Perimeter-
Based tulviaenndos funinsgmu ZTNA

9. darauBLUzIUITY (Recommendation)

1. pasfimsvhmsfneduanuanansalunisuenesyuy (Scalability Study) Tnewfiusaulnuatatans
1y 500 — 1,000 I‘ViumLﬁaﬂizLﬁuﬁizﬁw%mwumﬁmﬂamm (Bottleneck) fio1aufindiuiu Prometheus Server
1A39918 Tailscale Coordination Server Lagn1590n15 Mesh Network wuna g

2. Asiin159n13 398 9Ans 1uN152e35Y UL (Performance Overhead Analysis) tileSanansenu es
n151e Tailscale mon151991u CPU, RAM, ag Network eg19asiduauaziussuiiisunuinalulad Overlay
Network 31U 9 LU ZeroTier #3o Netmaker

3. msiimsneasanioldaniniadediedlianysal (Unreliable Network Conditions) Ingl#ia3 aeile
$raeapdetneiiieainsannefifianuviigiuay Packet Loss ilousziliuianntnensauladamiunumiu uas
Huslamnindu

4. va@ey Push Model LU Remote-Write nagauanitnenssa Push Snguuuunils (Agent dadoua
n30d41 Prometheus) ielUSauiieuinanunsaanninumiag 2 se 183 Pushgateway Louselyl

10. AnAnssuUsznA (Acknowledgement)

fAteveveunsyandiuisnisuazanzguImsaniudawndenlne Uilae 0339136 unaten veda
UImsEs1nensiie sawdsivirhoazuaunang 4 naviudldueunumsnwismddenad q uaz nng
avayuluenAded

11. msUawenslilyausehugiBeaieassd (Declaration of Generative Al)
mu?%’am%ﬂfyzywUszﬁwﬁL%qa%’wqaiﬁﬁ‘[mﬁlwl,ﬂ?‘adﬁa Google Gemini luN1588NKUUNITHAAINATDYA
(Data Visualization) I¥atfuayilunisieudids PromQL d1113u Grafana Dashboard tilerUSsuiiisudeya vos
AMs1aeaaIunsalnne q Tudinvediiaiuguide (Research Methodology) wagldifiesalassasaves
mideiinewfiazandeudedmidnads sdaild (Prompt) Faeideu Code da Prometheus 1130 PromaL Lile
praeumslFnuninensvonaiesioua 4 Fudsi CPU, RAM, DISK, Network wagfda daesnslaseaiig
019U TELA 8T UNITHI9IUVD9TEUU Network nels CGNAT Taeldinalulad Tailscale, Grafana,
Pushgateway wisaanidu 2 Uuude Pull #u Push 11a 5 Un wagvdsmiugidelfinlaseadionn Jeuly
wiazunilmidnass Sninfesiiefiléfie NotebookiM THiaTesilefatuayunindsuguuunisdisds Winsem
wmsguiisinualasld Prompt f1ds angukuunsgedslusidedyasriilvoglusuuun APA ndsaindy
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Abstract

Motorcycle riding on sidewalks is a common traffic violation in urban areas and poses significant
risks to pedestrian safety. However, existing approaches remain limited in processing surveillance images
under real-world conditions, particularly those captured from top-view CCTV cameras with constrained
resolution. In addition, motorcycle license plates are significantly smaller than automobile plates,
resulting in fewer pixels available for character recognition and increasing the difficulty of optical character
recognition (OCR). This study proposes an automated system for detecting motorcycles on sidewalks and
recognizing license plates from CCTV images. The system employs deep learning techniques for object
detection and OCR for extracting textual information from license plates, with a focus on real-world
deployment using top-view camera perspectives. The proposed system consists of three main stages:
motorcycle detection, license plate detection, and character recognition. A YOLO-based model is trained
on annotated datasets for detection tasks, and an image enhancement process is applied prior to OCR to
improve recognition performance. Experimental results show that the system achieves average
confidence scores of 0.80 for motorcycle detection and 0.84 for license plate detection. In addition, OCR
accuracy improves from 32% to 46% after image enhancement. The results demonstrate that the
proposed system can effectively operate in real-world environments for detecting illegal motorcycle
behavior on sidewalks and has the potential to be further developed into an automated traffic law

enforcement support system.

Keywords: Object Detection, Motorcycle on Sidewalk, License Plate Recognition, YOLO, Deep Learning
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neidguann1mngeeestn tngldmatianisiteudidednd miunsnsiaduing uazmelianis3andnvszanamn
(OCR) dmsuniserudeanuuudensidey lavywdunisldnuluaninuindonaianinnaeyugs syuy
Usgnaudasdunaunmanmadusndnssusud nisasafutensdou uazn1sismasnes Tnglduuuiias
YOLO #snumsilndeyatoyaiiiinisiiu W%’amﬁgqﬁmsﬂ%Uﬂsqaﬂqzumw*uaqmwdawﬁwgﬁmsmumi OCR Lo
Wisdszansalunisdd sanismeaeanuitssuuiidanusiulaedslumsasiedusadnseusudvingu 0.80
warlumansaaduihensdewninfu 0.84 vaisfinuusiugives OCR Wiwduatn 32% LHu 46% ndsnsusuuss
AMNINVBININ HaN15IdBuansliiiudnszuvausaussgnaldlunisnsradunisnszyidnuuniainly
annwIndauass wazdidnennlunisimundussuvaduayunistsruldnguuneasassnlud®
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1. uni (Introduction)

Tutlgtiu sadnseusudfedummusiildsunnudeveinaunsvansluwaies esndarundessigs
waranunsaldlunsiiumeiunansaninnsasasivuiuiuldegsazain sgrslsionu Jamiinuldveslu
vaneiuiirensifduisadnseusuiusdudonldmardudumdunsvinisnisees dmalifnau
\dossionnudasadovesiiiui uazidunsnssyirfidadengmneasasmaun mawihgnesnuuuaieidy
fuiivaenssdmsunsdyasvesssmau winmsldiuifinanlaseunmuzeradeliiingsimguazay
demedeTinuasninddule

Hagu madhsriagnatunisnssiindnvasdnandaendunisnsadeuanidmind viens
psgamINndenaslnlneuyed Fansruiuntsdanandeddinauarnineinsyanasiuauann Snvisdslsl
aunsonaeumgnsalldediwiaies Tasmeluiuiififinsfiadindonsstasiuaumnn nmsmsvaeunin
Ao unumnndeBnsuuudaiuiddesiiadulsyavsnmasarusiai

AuinTvesnaluladaunisuesiuvesneuiumes (Computer Vision) kazn15i38uidedn (Deep
Learning) laidalanialviiinnismunszuunsiaduingainamuieialelaeg1eliused@nsam laganie
wuusraeslumszga YOLO (You Only Look Once) #slisumnufisnsgraunsuanglunisasiaduinguuunianase
ilosndmmwannsalunisussnanafinafualiauusiudlusedugs wu wuudiaes YOLOVT Tduandls
Lﬁuﬁq"dssﬁmﬁmwﬁqqsﬁuﬂgﬂﬁmmmLLJJuEhLLazmmﬁﬂumsmmffu’i@]q (Wang et al., 2022) walulagainana
JagnihluussgndldluszuuihseTadansesuarseuudnnsasnaslunanganisy

wenNINNIRTINTVEIUNIVUZLED n133irdhenfeuse (License Plate Recognition) §uduasfuszney
ANAYUVDITTUUATINAOUNITITIATON UL Tnehlunszuaumssinanussneumeduneunsnsiadumums
thenzdeu wagmsidimdnusuuihensdeuinumaian1siddnuseainain (Optical Character Recognition:
OCR) Inganuideamuns3iniaonuslunn 1y Bautista & Atienza (2022) Taufiasnddesmumsidntensidey
Tnaly Deep Learning (Ding et al., 2024; Nascimento et al., 2024; Vargoorani & Suen, 2024) Tonanglmdiuga
Fnoamveshneadednlunsiansiudeyanmiifinnududou ogelsfinu nmsfdihensdousadnsououd
Tudszmelvedinsdianuiinme Wesndimnamainvatevesguuuuisnes awilng uavanwuindenveq
AMIINNFD1595Tn 19U A WAEIBAvEIN uNdDs AnTmuA uazmstAReulvBIE UM

og1slsfnn uAdedulngSinajatiunmsnnatutariiihengdouluanmuindendifinsauay 1wy
AUIDATA M%@Quﬂﬁaﬁzﬁuawm (Nitmai et al., 2023; Audomthankun & Nakharacruangsak, 2024) ‘%ﬁmw
thengifouiivnelnguaziianuaudaifismedmiunisUszunana lusazinsussgndlifundesisastad
Anddluyumesanduuy (Top-View) islnsadunginssumanssyiiin wu nisfulsodnsenusudouniain
Hansidosidndidny 1 swevesihensdeuiidvunadnunndedieutunmimue audadoesmues
uazAnnYeInnilimnzansionsiidnusy demalviszdvBnmusssyuu OCR anasegsitod iy

wiinazfliuAfednnunniifnwinsesedueummussioszuuiithenadeu widdonidesuu
Sriadiafuluiinisnsadusadnsousuiiduivumarinlaaaen: sufmsussgndldszuudnansiudu
amnndennslaluanmuindonnde fafu nuatedfajsiaussuunmatusdnseusuiidulvumadi
Taodoluifh nioursanunsansadunazeuthensdousodnsusudanamndonssdeld lnsedemaie
MsiSeuiaandmiumsnsiaduing uasinallansidnenvszanawdmiumseisnysuuienzitou lay
jatiumsihnuluanmnedensssiifidesiinsuniuasiBenvesnmuasyuuesaindes

srvviitiauslunuidedusznoudenssuiunisndn Idun (1) nsnsadusadnseusuduastie
neideuanamnaenaastalagldiuuinass YOLO (Wang et al., 2022) (2) NM1500NLUUNTEUIUNITIUATENTIN
sodnseueuduazthengiloulussdumnnisel wag (3) msusuluaunnamihengdounoudngnszuiunis
OCR LﬁaLﬁuﬂizaw%mwhﬂ133”&?’1(%’1“35%5 (Nascimento et al,, 2024) IngszuusananlasunisosnuuuLiiel
anusaluldnunuiussuundensstaluanmwindeuaseliegfivssdnsam
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2. IngUszasAIuITe (Research Objectives)
mu%’aﬁﬁi’mqﬂixawﬁﬁaﬂ’mmLLaxﬂixLﬁuﬂﬁsﬁmﬁm‘wmmizwmw%’ma%’ﬂimuauﬁ“%’ﬁvwmﬁn
Tagdnludfanninndesasta lneuszyndldinaluladnsuesiuresneuiamesuaznisseusidedn e

Y
3

aduayunsiissfaagasiaeunisnsshiiangvaneasiasesaiiussansam viall TnqUsrasduaanmside
annsnagUldeioluil

1. WeWanszuuansdusadnseusudanamvieddledilsanndesisesta Taslduuudasinis
nyRduingiiondematinnisiSeudiedn

2. ileWaunszuuaTasuiumsthenzifousadnseusudanamilasaduld uazinieudoya
dAmFunTEUIUNMTIFITNYS

3. Wemuszuu s nusuutiensidousadnseuoud lagldinadanisisidnaszanam
(Optical Character Recognition: OCR)

4. Wlefnwuaziannismsnnaduinguasdensidouneliieulvvesndenastafifyumeauy
11g3 (Top-view) Tslallfogluseiuiforiuusiutenziou

5. ileUssifiusyAvsamuesssuuiiianniulunisnsafusadnseusuiuagnsidithensdouan
AMMNRBITUnNelRaNNLINTOUTS

6. ilo@nuaudululdlumsthszuuiivanduludsssndldlunsihse Yansnsevin@anguune
Iasuaratuayumsiinmlasaisvesflimavinluniios

3. MIMUMIUITTUNTIULAZNAuTItietaa (Literature Review)
3.1 nuAseiiReafes

Wang et al. (2022) Ifiausuuuiiaas YOLOV? Fadunisitaunsesenvauusiasslunszga YOLO
Tnsanansaiuuszansamitsduanuud uduazanilunimsaduing ldegedded Ay diumaie
Trainable Bag-of-Freebies kagn15Usulassassvaslunaliinunvauduunsiaduinguuuiioalng
agnelsinny widwuudaewinamasiivsy@nsnmgs uidinsdidedrialunisnsiaduinguuindn Taewnmzly
nsdifiingduuadndeisuiunmiomn viedauaziBenvesning Sedamasiemuannsalunssey
Auviakarwunnglaegiawiugn

Tugnunisuszgndldass Ultralytics (2023) laiamnmlsuddsn YOLO fisossumsidanlunainansuium
wavannsaludssgnaldivnuassduinglunimanndesisstaldededussaniam edaslsin
UsyAnBnmuesssuudsiuey fuannmuesdeyating 1wy mnuazBonvesnin yundes uaganimias dady
fosrindrdlununsratunnamluanmuandonsie desrindindndanudidyesnddumiadod o
AMAINNEBINITUARUULNLOWUUY (Top-View) il iagiimne wu demsdeusadnsenueud Svuedn
wazdanudadevonmmes dwalinsasaduuagifiauimeuniy

Ding et al. (2024) ladnauensounisvinudmsunisianiuuaz srdienzsideuainiale taelduuimig
LU Training-Free warn15ld v 8y anarsLssy (Multi-Frame) L 811 ¥A1U LY UEIVBINTT 31
wvesananuansifiuiinislédoyaiianan (Temporal Information) a1snsatisanAIAAIRLARBLTEINTT
Filunmiisinauamiils egnalsinny sAdesanandajaiiluithensfousasudidundn Fstivunlngndn
Unengifousadnsenueud

Nascimento et al. (2024) l§inauaiznsiinaruasideavaanindensideou (Super-Resolution) Tng
THuwfauuy Character-Driven iilataglianunsoidiisnusldddulunsdinmianuaziBondugindins
FananastieifinusEansnimves OCR ldegnelitudfny uiddidesdnluiunnududonvesnseuiunsuas
FununsUszinana dso1alimnzauiuszuuiidesnsuszmanauuuiFealns]
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Vargoorani & Suen (2024) laiauauuinienisidnsasnesantheveidewlasls Deep Learning saufiu
M3ATIERTULUUFISNYS (Font Evaluation) lalfiuanmisiug1vesszuy OCR agalsfiniy wuamsdanann
Hansiemnamnmassnmiundn uasddldldfonsandgmidennundesilimanzaumionisiademesnm
INYNUBINUUY

Tuvsumessnidelulszinelve Nitmai et al. (2023) wag Audomthankun & Nakharacruangsak (2024)
Iiannszuuanadunazdiihensidounuinelaglduuudians YOLO sauifu OCR Fslvinadwsfiunelaly
anminadeuiimsmunu sgslsiniy swidesinandnluaaiuluithenzidousasud waylddeyaanyy
ndesiiroudiansdl iligilinseunqunsdinisldeuaiennndonsastaiifianaumainuaisveayusosuay
ANNULINRBY

INNITNUNINITIUNTIUN U AT dlngdafidedidnluaudszaunan Toun (1) nsyaiudie
nzifousasudd sfivualugnin (2) nslddeyaluanmuindouiifinnsaiuay waz (3) MsvIANITIATIEN
wign1salsiniun1siithensieu

faiu uAdeitsudluresiedingn Tasimunsruuiiaunsonnadusndnsousuivumariuag$s
thenzifouanamndenasdaluaninuindenss Taidedrinsuruinvesing anuazidenvosnin uwaz
yuLesweIndes winkimunsruumslaneiivgnsaidifussuusinthenadeu

Table 1. Related Work Comparison

Thai
Detection OCR System
Study . Environment Plate Enhancement
Method | Capability Type
Support
Wang et al. Object
YOLOv7 No General No No ]
(2022) Detection
Ultralytics YOLO Detection
No General No No
(2023) (v8/v11) Framework
Bautista & Deep General OCR
_ . Yes No No
Atienza (2022) Learning (Scene Text) Model
Ding et al. Deep Real-world LPR
. Yes i No No
(2024) Learning (Video) System
) Image
Nascimento et al. Deep
No Controlled No Yes Enhancem
(2024) Learning
ent
Vargoorani & Deep LPR
) Yes Controlled No No
Suen (2024) Learning System
Nitmai et al. YOLO- Thai LPR
Yes Real-world Yes No
(2023) based System
Audomthankun
& YOLO + Thai LPR
Yes Real-world Yes No
Nakharacruangsak OCR System
(2024)
YOLO- End-to-
Proposed Yes (RAW Real-world Yes (Image
based Yes End
System _ + ENH) (ccmv) Enhancement)
with ROI System
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MNAINUNILITIUNTIUT U TrudananisiuTeuiioulu Table 1. wuin wifnwidedisiuanldfing
Waumadansnseduinguasmsiiiionsidousdiseides Tastaniznslduuudaedlumsyga YOLO uas
wiadia OCR eanunsaliinadnéadauusiudigslunansuiun egndlsin Smutedifnddyvareusznsiid
lailgsumauiluegnensudau feil

1. s1u3dedrulngdedszavdgmlunisnsiaduinguuiadn iy drevzideu lnomnizly
anmuIndenaieifianududeu wu uasiliainase yundesfivainvats wagnsindouiiveseunivue 3
aonAdDafUNUTBY Wang et al. (2022) uay Ultralytics (2023) fludfasfiusaniamgs usdenadidediinlunns
prduinguunndnlunmauaziBensi dedmasionuusiuswessruuaTIadulnms

2. LLﬁdwsﬁmui%’aﬁﬁmmiwuﬁf\i’ﬁ]wmLﬁsuLLUUﬂﬁmaai (ALPR) (Ding et al., 2024; Vargoorani
& Suen, 2024) usdulvgjdajariuluiithenziousosud uazlidoyaanisUszsing saufsdmnnsfiansan
HaymiAnnnvuavesthensdoufiunnsnetu wu dhensifeusadnseueudifvunndnnitedidedfay
wazdldseasudnvazamsvosthenzdountwingegaufugluuy

3. 9w LA srdestutnonzideuniunlng 1wy Nitmai et al (2023) uaz Audomthankun &
Nakharacruangsak (2024) é’ﬁgﬂwmaaﬂuamwanﬁauﬁﬁmimuqu LU gumé’admﬂ' ﬁamwﬁﬁ@mmwﬁ R
WANANTINANINUINA BT B INE 09995 TR AN sUTIUge BnitadanmmsUssandldimatianisusuus
AUNINUDININ 19U Super-Resolution %38 Image Enhancement Lﬁ'aaﬁuaqumiﬁwﬂmm OCR Tunimau
azLdumnn (Nascimento et al,, 2024) YNNG NuITedulngfeyf fuianizn1snsiadunaznssntie
nzifou Ineddldldnunsinnegiviumesvnnisal iy mansedunginssumstuiiiinngmne

Fatu ATed Tasiamnssuuiianunsniaulduuuasuiaes (End-to-End) Tassan13nsadu
sodnseusud Fauingiifoundnuasiienuimegenitsosusdt matwusiiuiiaula (RON LiessyuIunves
mansgvhiia Manmadusasianmihonsfou meUsulsmuamussa uazmsiisnusie OCR ean
amsuatukasamAkIuNTUSUUTIRMNIM (RAW wag ENH) iilerfiuanuisiugivesszuy uonainid ssuudegn
panuuulvanunsavinnuiudeyaiseannaenstn luguueswuy Top-View %dﬁ%’aﬁi’wﬁ’mé’ma&uuaumxmm
aziBaveann uazanunsndniiunadwsluguuuumanisal (Event-Based) Isegnaduszuy Fsaelvanansa
lUlszynaldlunuaieliegnadivsednsam
3.2 11315733V INYIINNNNEB92995UA (CCTV-based Object Detection)

M3n5333uTng (Object Detection) Wunsyuiunsddglunisssydssinmuagiumisvesingniglunim
Ingluanddedagduilenlduuuinasdadn (Deep Leaming) lngtaniz Convolutional Neural Networks (CNN)
lunmsainaudneazvainnlazitn1sIwuning

wuudaalungu Single-Stage Detector 43 YOLO (You Only Look Once) lasuaufisustnaunsviaty
\osnannsanseduingldiuvunanaduasiaududoudeiuane Tnsnuiduaign 1wy Wang et al.
(2022) I YOLOVT WiiussAvBamgeduiadunuusiuguaznnus el Ultralytics (2023) léamn
Framework 83 YOLO Tfanunsauszandldlinainvatsuassesiuaunsiaduingluanimuindonsss agaslsn
a1 TunsdlvesnimanndesisasUndislyuuesuuusyugs (Top-View) Jnquimane wu sadnseususduazie
nzJou fhilvuadnuasiaudadouvonuues Sedmwalinruusiugivesnisniaduanas whinssuu YOLO
sulniaefivszdnsnmgs uidsnaddedrinlunisnsiaduinguuinianlunimainaninwindensds lnsanizly
UIUNUDINED4313995Un

feu Adeiaussgndlduuusiass YOLO faufunisiinusiiufiauls (Region of Interest: ROD Lo
annsnsaduingiliiiendes uasiuanuasalumsaseduingluunvesnmainndesiseslnade as
aonAdasiuLLIMIMIBENLUUIEUUATIITU TR luanwanden T3 oo sumisuiunvesn muasdesin
vavayat i
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3.3 n13n5duamLatensileu (License Plate Detection)

n&nnnedusninssueus suneudalufentsnmadusiumismesthenadeu Sudutnguuiadn
wazfinwanBengudeifisuiuruaveaninitau

TuanmundenveandensasUafifyuuesuuuyugs trenzdouinddnvasdes danuazidonm uas
o19gnuatiusd vhlinsmsaduildenninamitaiglugunse (Frontal View) fadutediiaidsnmuly
NWIBAUNIRTINTULarII1U e Deuadiylal 1wy Ding et al. (2024) ua Vargoorani & Suen (2024) findf
srimsvanlunadedn widandgsuanuimeluanimuwedensss wenani NuITvargadalvinuddny
fumsUsuUssaunmwesnw 19y mAlla Super-Resolution Litetieiiuamdmauvesthong founeunisian
(Nascimento et al., 2024)

Fatudiefiuauusiuglumnnadu nuitedliisnsdudseniesadnssusuiuasthengidoulae
91 ANANNUSLTIAIUAUS (Spatial Relationship) iﬁuﬁﬁmiﬁﬂﬂﬁmi’(ﬂqﬁlﬂL?]IEJ’JéfJIEN \ieanALAAIALAT oY
voswadnsnouingnsEUIUNTIIEISNES
3.4 ns3idasnusuuthensideu (Optical Character Recognition: OCR)

1135391978 n8331nAM (Optical Character Recognition: OCR) 1 unszuiunisudasdeyaninlily
Yonu Tasluszuuithenzideu OCR Tunumddylumsudasnmiiensdeulidumnoaumadoud
annsoniluldaule

wadaidesldlutiagdy un n1slduuudrasadadin Wy Convolutional Recurrent Neural Network
(CRNN) %138 Scene Text Recognition (STR) §3a1u15adan1siudduvesdsnusldegeiusednsan lag
9138140 19U Bautista & Atienza (2022) lélausiuInig Scene Text Recognition fia1u150dan5dRY
#28nwsliog19usiug vazdl Audomthankun & Nakharacruangsak (2024) I Uszgneld OCR $2ufy YOLO
dmduthenafouluuiunats egslsinig Tunsdvesnmainndensastiaiiinrmasidonmuazsuueadss
ANLUUEIVRY OCR sinanatagiitudAgy %qé’hmLﬂuﬁaaﬁﬁmﬁﬁ@umu%ﬂmqﬂ Tngtanzlunsalussnin
thenzidouiidvunadnuasaanimi

fatiu AdeiFdldinaliamsusulssguninesam (image Enhancement) Aautdgnazuiunts OCR
dlefiuaudaauresiadnes uazdielfszuuannsadidoyalddtuluanimwindeuass lnsuumnedandm
#8nAR I UNUITEA1UNITUTUUTIAUAINAIN LU Nascimento et al. (2024) ldwafa Super-Resolution
WefinUszansnmueansidrtheneidou
3.5 Mamsradunsnssifiadaeiuiiaula (ROKbased Violation Detection)

nsmsasuNssEYhaslunuAse enduuuifnuesnisimuniiufiauls (Region of Interest: ROI) vii®
sryreuavesiiufimaih ngldldmsiienesiddunmdane essuunmanvsodnseueudneluiiuid
fviua azdiedndunisnszgyhilidiiienistudvumasi SsanmnsafionildananuduiusiBaiumisesing
aegluam

unmMsisnanaenadesiunddesnumsnsaduingluanimuindensieiiliuuudasadedn 1wy YOLO
Fegniinluussynsidamiueuludeiiud (Spatial Constraints) iilessymmmsaiannmisdednle (Ding et al,
2024; Vargoorani & Suen, 2024) wenani n13l4 ROIBased Filtering £9918and1uIU False Positive Lazan
asglumsUsznana elfisuiuismsiiasevingAnssundanan (Temporal Analysis) fiflamdudauganin
TasanzluszuundonaasdaiifesnisnisUssnanauuuiiaiais Snsedamunzansunisussgnaldlussuy
N&0929950A9347HBININTUTLIIANALUUIIAN T3S

4. NIDULUIAAIIUITY (Conceptual Framework)

NI TngUszasdiioimnszuunadusadnseueudanduivumeri uazanmnsaiiithensdeu
NN MNF0935UR Ingandunailanisuesiiuvesreniunesuaznsseuiitadn Jsgneenwuuludnuaznseu
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WWIARLTITEUY (System Framework) InanseuuiuAnvesszuvansouuseaniu 3 daunean laun deyandn
(Input) N3zUIUN1TUTZUIANE (Process) azNaans (Output) waslansanudunusveusazesdaUsznouly
FUWUUBNUNINNTOULWIAA (Framework Diagram) Aauandlu Figure 1. @1ansnefuiy ol

1. fayatiidn (Input) Teyathiiwesszuuussnoufenwnioifleainndesisasia (CCTV) Fadl
ANuMELNLBLUULNE (Top-View) Wazagneldan nuindeuase Wy AnuLUsiuveLas nsuatevesing
LAEANLMUULULYBIN1599199 Tnedeyatudndnanfiodutlafoduneifnalnenssteynduneulunszuiuns
Uszananavesszu Sstladesinaniinaseussavinmusimsnsiaduuaznisiddeya

2. N¥UILNTUTEINAKA (Process) ludIuveInszUIUNTUsEINANA T2V UALIINNTNTIVTY
sodnseugudmelung YOLO %aLﬂué’aﬂ@%ﬁuﬁﬁﬂﬁuaw%ﬂwwaﬂumimaﬁui’mLL‘U‘unaw%n Taovhmthindu
Tugandnluduneunissuiing (Object Perception) MntwhnsiengingAnssunsdulsauiunistmun
fiufiaula (Region of Interest: RON iiieuenituiiniavinosnanauy uarlfifuitoulvlunsnsaeunisnssyinfin
Slesvuunmanuingegluiuiiviesiu sgduunmsemaduiumisthensdou uasinsiinddnsdemaie
Optical Character Recognition (OCR) ifteutasteyaninamidutonnu lnsduneudsnarshaudeiesly
dnuaur Pipeline nelunseuuwiAniieniy eliAnnsuszananauuy End-to-End

3. Wadns (Output) HARNSYBITEUUUTENOUMETBLANTINTINFUNIINTEYINEA (Violation Detection)
%ayjaﬂ’mmmﬁau (License Plate Number) n1w#ang1u (Captured Evidence) LLasﬁayjanzﬂa‘U LU 1387
(Timestamp) &sanunsnilldlumstufinumgnsaindeatuayunsduiumsdungane Tnsnadwstemungn
aufiuluguiuuimgnisel (Event-Based Output) snudiduvesnszuIumsiintulussuy

MnnseulIAndInagnesnuuulvisesiuaninuIndenaieifinnauUsiugs uazasvioulasaing
v8358uUluFULUY Framework Diagram i ouleeszning Input, Process, Output straduddudu adu
Pafoddyfidmaronuuiugessyuy Waluduvesnnaduinquagnsidiasnes

INPUT Process Output

Motorcycle Detection using YOLO

Violation Behavior Analysis Captured Evidence Image

Ce/Video stream (Top=view) License Plate Detection

: B R ized License Plate Number
Real-world Environment (Lighting, ecogiiccaieenzeldlelanbe

Occlusion, Traffic Conditions) Regjoniof Interest (RO Filtering

(Sidewalk Area) Timestamp and Text File

Optical Character Recognition (OCR)

Figure 1. System Overview
5. 35AUU9UIY (Research Methodology)
Tssadunmsvhauvesssuulnsutseanidu 4 Suneundn Wun nisfudoya nmsvszanana n1sdans
wAn90] uazmILaRIKadNS SeusazduneullsneazBendsil
5.1 n1s3udaya (Input)
Tuduneuil szuuhnsiudeyaanndesnsastiadiuiu 2 @ Frumiuaedunds) kunszuaunis
Video Acquisition wazkUaufunminsusiensyuans Frame Extraction wieldlunisuseanana
Amnsugnusurualieyluguuuy 640x640 Minlwa Lagi1unTzUIUNITUTUNANIAAIN (Auto-
Orientation) tielngaufunisiinluiaa
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nUusTUvIEAuaiufiaula (Region of Interest: ROl Masking) 19 31AAYBULIANITILATIZALANE
UShaumna Jaiwandeyanlinetesuasiiuyssdvsnmeesssuy Aauandlu Figure 2.

INPUT

Video Acquisition
(Front and Rear Cameras)

l

Frame Extraction

|

Region of Interest (ROI)
Masking

Figure 2. Input Pipeline: Front and Rear Video Capture, Frame Extraction, and ROI Definition

5.2 nsUszunana (Process)

JEUUIINNNINTIAUINGAIENITEUINNNT Object Detection tnefiansaninguan loun sadnsemeud dhe
neidou yana wardnseu Tagluuudiaes YOLO Ssgnflnangedoyafivdenlilunuided

9Nty sEuvarThmadangesing (Object Filtering) Tagldauludusumis vuna wagmsdousiu
vosing tielindeiamedeyafifiruisitesiumnnisel

Tuduneudnly JEUUIIINTIVAsEnINTadnseueuduaytheveideu (Pairing Strategy) Tnefiansanits
nsdlnndeadiriulazdnundes itelildddeyaiivanzan

91U sTUUITATIvEEUAINFUTLELE sy g (Spatial Validation) sz#119U01evz10sunay
sadnseueud Wedusuithevsdeuiuduressaduiorty fuandy Figure 3.

PROCESS

Object Detection
(Motorcycle, License Plate))

J

Object Filtering (Position, Size,
Overlap Constraints)

l

Pairing Strategy
(Single / Cross Camera)

J

Spatial Validation (Plate—
Motorcycle Consistency)

Figure 3. Processing Pipeline: Object Detection, Filtering, Motorcycle—Plate Pairing, and Spatial Validation.
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5.3 pMsdamsmansaluaztienziley (Event Processing)

doszuumsranuisadnseusudegneluiuiififviun szuvazsufiuns Event Triggering dadiunns
srymgnsaiidniiensnsziie

iy sruvazaiiliameidmiudnfutoya (Event Folder Creation) TnedBsarniaan wagvhims
Hhufinnmanndesiaesi (Evidence Image Capture) el dundng

Tutunoudaly szuvaryinissaninanizainvesiiensideou (License Plate Croppine) warUsul
ANAMUBINIMN (Image Enhancement) tlalfmAudniauvesindnys

iy SEUULANTUNTIIIBNYIAIETS Deep Leaming-based Character Recognition Toeldlunad
HunsEndmsunsnTaiuskazwunsnusluseAumienys (Character-Level) NT8UIUMIAINa1IUTENDUAY
N15A3I3TUAIUNYIYBI8NYTE (Character Detection) WagN15IUUNUTLLANVBIDNUTEUAALH (Character
Classification) fouthnadnsunsssdiunasyin Mapping tuteautienzsdou Inelunadlddmsunis
nsfusnusedl iuleaiiuenoonnlieaillilunisamadusodnseueud

lelfuadmsan OCR szuvazyimsdndonnadnéfivnzan (Result Selection) wazUiusunuudeyals
\Jusnnsg1u (License Plate Normalization) tielannsathluldswildenagnies fauandlu Figure 4. Tunsdl
finadwsdaaliviuou wu n1s§sidnvszdmianiaandesfust szuvarldngidadeuls (Rule-Based
Filtering) iilefmnseauazidonnadnsidnunindofiogan

EVENT PROCESSING

Event Triggering (ROI-based
Violation Detection)

l

Event Folder Creation
(Timestamp-based)

l

Evidence Image Capture
(Front and Rear Views)

l

License Plate Cropping

l

Image Enhancement

l

Optical Character Recognition
(OCR)
(Raw and Enhanced Images)

[

Result Selection

I

License Plate Normalization

Figure 4. Event Processing Pipeline: Event Detection, Data Storage, Evidence Capture, Plate Cropping,
Image Enhancement, OCR, and Result Selection
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5.4 NMSUAAINAANS (Output)
ludupeugaing svuuagyinisnsiaaeudeyadn (Duplicate Filtering) Witeannistuiindeyatilugisam

e

ue
INUY TEUUILTUTNKAENS (Output Generation) sUsnausevuneartrensiloy nmwnangIu way
v adtulvlduazlawmesvonvnnisal asanslu Figure 5.

Duplicate Filtering

Output Generation (Plate Number,
Evidence Images, Timestamp File)

Figure 5. Output Generation: Duplicate Filtering and Output of Plate Number, Evidence Images, and Timestamps

5.5 yadaya (Dataset Description)

gadoyaililunuiseignimfuananmuindensss (Real-World CCTV Environment) Bsusznausas

Foganmanndensastaiifiarumainuanssuiauasyuses yadeyauisoandu 3 sz leun
1. 503NTEMUBUAUUNIATIIATULOUY F1UU 431 20 (467 Instances)
2. theneideusndnsemiegud 31U 245 A (247 Instances)
3. nwmawnilsifisndnseuoud $1uau 248 1w (248 Instances)

11n19%1 Data Augmentation 191 Rotation, Shear, Grayscale, Blur llag Noise Lﬁal,ﬁummwmﬂ‘wmﬂ
voefeya 1dsan Augmentation ¥adeyaiidruiusiu 2,088 1w wavgnuuseendu Training Set (1,746 Aw),
Validation Set (185 a) wag Test Set (157 am) lelflunsfinuazysifiunaluiaa

wudraesililuemiadedgniaulagldnszuiunsinnisudeyariuunaniosy Roboflow dwiums
mnuanseuing (Bounding Box Annotation) Ingnunaaialun1snsiadudiuiu 2 aana lau sadnseueud
wazthenzifeusadnseueus

w¥nmsdamioudoyaiatadu yadeyagninunldlumstinuuusaesiae YOLOVIIN (You Only Look
Once version 11 — nano) #ubaus13 Ultralytics uun1w1 Python Taeiuainluaadinunisiinuineu (Pre-
Trained Model) uazyin13Usugu (Fine-Tuning) feyndeyaiiidedaniouiu

lunsinlaina §ITeimuAvuIANIN (Image Size) WU 960 WY ward1LIUTOUNITRA (Epochs)
WINAU 100 58U Tmﬂ%‘qﬂ%yjaﬁLLUﬂaaﬂLﬂu Training Set, Validation Set wag Test Set mufildosuielineu
wih ielrluamunsadeuidnvazvesingandeyasidluanminadouvesndessastaldesuiiszdvsnm
5.6 MsUsziliulseansnn (Evaluation Metrics)

AsUsEfiuYsEANS MnweasyuuldigTa 1aun Precision, Recall wag F1-Score Wi inAnuanansaly
nsnsaduinquaznisiiiasnes uenaint Sildiadosdiolumsdinresinadng 1#un Precision-Recall Curve
(PR Curve), F1-Score CurveConfusion Matrix siiiiialdlunisussiiulseansnmeaddanaluusasaanauay
AATNAVILYNADIVDINARNT
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6. Wan13338 (Results)

Tudrweswamsifed WunsihiaueranisvasoulssAvsnmuesssuunsatusndnssusuiuLmaYn
wagszuvithensdounnamndenaste laglideyannmsveaoutd e 100 wrnsal (Events) Fausiaz
wnnsalinainmInsranusadnssusuineluiiuiifiivun ROD uasiimstufindoyaanndesiansmmes

sruunraduinglunuidedlduuusians YoLo11n fikumsiinangadeyalulisniunuide Tay
fmuaswaunanadu 2 ana liwn sednsenueud wae Devsifeusadnseeud

nsUszidunalddad ¥ Precision, Recall wag Fi-Score AMSUUATINTUTNG LnuwannasIuiu
Confusion Matrix LiteTins1gsiuszavsnmveslanma

dmiuniszantenzideu (OCR) 1465 Character Accuracy waz Plate Accuracy (Exact Match) 1t
UsgiuAnugnAoveINaang

nsUszdfiunawuseandu ¢ du b (1) msnsaduing (2) msdugdeya (3) nmsjirthenzifeou uas
(@) myviuvessyuulunmsy
6.1 NAN3ILAUNIINTIATUING (Object Detection)

KaMIVAABINYATayas LI 100 wnnsainieluiiuil ROI svuvaNsanTRTUIdnssusulATY
#3100 370 100 tnn3al ogslsfinnm nsUsefiuraluauidedifuuuy Event-Based Evaluation 109970
sruvartuiindoyalanensdfianmnsonsnduingldivhdy fufu Feliamnsofmuandn True Negative (TN)
way False Negative (FN) ldog19n5udau wazliamwisalddd fa Recall lumnumsnewvus aiuld fioud
Fodrifadenan 1uAduii3sld Detection Rate lusgAumnnisal (Event-Level) s9ufiup Confidence Score
vosluina tieazviouUszansnmussszuy Andusninisnsadu (Detection Rate) Windy 100% oelsfinu
o915 MYBINTN5I9FUINAT Confidence vasTaiaa WuIIANAABYBY Confidence Score gl 0.80
wandliiiuinseiunrsiulavesmansaduiamuuandsiulundagivg sl

Turusanfeadu n1snmaduiensideuannsonsaaduldasuie 100 290 100 wgnisal Aaudu
Detection Rate 1i1fu 100% TasfiA1ad 99 Confidence Score 087 0.84 fauanslu Table 2. uanainii
dielinmsUszidunadaunsudiunntu 1#imsuanssa Confusion Matrix angateyaildlumsfiniuaa &
wandlu Figure 6. WieaziouUssansnmueuuusiaaduszdiu Object Detection

HaN15UsELiluUTEANTAINUBIMUUTIARINTIATUTARAN Precision-Recall Curve WuIMuUIIaedial
Average Precision (AP) @135 UAANEIAINTHIULUALTINAU 0.990 LaraaraU enzideusadnssueumniny
0.994 lagiiA1 mean Average Precision (MAP@0.5) 33unﬂﬂaﬂaLﬁﬂﬁU 0.992

uenvnil Lilef913aun F1-Score Curve wuie F1-Score geanagiiuszana 0.98 Ssawioudisanuauna
¢34 Precision Uag Recall vasiuudtaedlunisnsiaduing

Precision-Recall Curve

Figure 6. Performance Evaluation of the Proposed Detection Model including Precision-Recall Curve, F1-

Score Curve, and Confusion Matrix
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PMNMTAATINANINARDS WU ANULLLE1VEININTITUTATNSBMEUAlITUBNENaINFAUMLINS
Aindandoauasrerrineaniiudl ROl Tnendesdumihdsadavineanituil ROI Uszana 10 was vili¥aguang
Tunmisevunediinas demaliissazideavesinganas uaziiinnmeinlunisnsadu Uszneufudnuzes
sadnsorusudifanumarnvanslusugunss @ uazesdusznou Mlkuuudiassdenieuidnvasiidudou
dawalvirniuglagsuddlifesziuiigann duandu Figure 7.

lunsmasesil [uuudaes YOLO11n dusunmsesadutag Tnevimstindaendoyaiuiady training,
validation wae test audndud mviua wazdsiuiuaatandn tawn Motorcycle, License Plate way
Background

Turafimsnnaduthensfouiiamnuuiudiganin whdhengdousziivmadnnindsadnseueus
A iesaniensideuiidnuazidslasaisideuiiadunnsgiu Wy unsedivasy snsndunsd uay
youlmidniau daaliuuirassensaGouidnuasiinanlsogisdussansamanni

UsednSamvesluinansiadugnusziiulaglden Precision, Recall uag Fl-Score $9uriu Average
Precision (AP) 910 Precision-Recall Curve %aL“f;lummgmiumﬁﬂizLﬁumuﬁ’m Object Detection

uennd sruudsdinisuiuuzmantsasaduludunounisdansosingiiliiieades uagifuauug,
voaszuulumMstifanzusamaii Wy wwnavesing durigudnats wagdnsduveinseuing a9y
an False Detection lsiognsdfivsddny ogrslsAniu mu%’mfwmmsﬂaqﬂm TP, FP, TN wag FN lalnensslu
52U Bvent Llasnszuniinisdansestngifesdu (Fittering) shlwnsussdiunaluunensdilaiannsaionwe
fananalietaauysal

oealsfiony awfianaindsaafntuluuisnsd wu maedeufivessadsariniigs viensuatives
Fngau Sevhlszuuldannsonsaduldluuaisu

e

2026,151128 I J ‘ ] 04-03:2026 18:11:22

Park2-bike Al (30.218)

Figure 7. Detection Results in ROI

6.2 NAN15398RUNTTIUAToUA (Object Pairing)

Y Y

spuuannIndugtoyassrissadnseusudiuas thenadeuldvidunsdioglunfeafivatu uarlunsdl
sedlddeyaanndesassia (Funiuazdunds) Inefinisldiievludshumis (Spatial Constraint) titedudu
ANuduTUsYesing dauansly Figure 8. ﬂizmums%’mjﬁﬁdamﬁumwmmué’%%ﬁ:w lngan False Association
seuinedng uastelideyatensiouasnadosiusadnseusudinyadulsads

wansnaasanudn mslinalnmsdugeiinnnuanysaivesdeyalundazimanisal uazanaiy
amawndeulumsszythensidouindu Inolewizlunsdiyundemisliannsadfiutensdouldodadniau

' < aa = i o a I3 1 Y Yo &
E']EJ'NVLiﬂWWlI IUUWQﬂﬁmVl{]']EJ‘VISLUEJu@%lﬂaVﬁall‘Uu’]ﬂLﬁﬂll']ﬂ ig‘U‘UE‘ﬂ?]luaquqiﬂ‘ﬂU@j“Uaiﬂalﬂﬁ']Liﬂ
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- /T
12520258 R M E255

Parko-BikeBik(30"
ar |:e)’!’a

Figure 8. Motorcycle - License Plate Pairing

6.3 nan1533eAuN1sFItensidey (OCR)

wansmaaedlutunsumsisasnysnntengdou TnsUssdiuangadoyasiuau 100 wrnizal wuih
nsldnmsuatu (RAW) Ihraugndesadslussdiudmsnuseg 32% vasfinmitiiunisusulgnunm
(Enhanced Image) Hirmnugniesadeiiintuiu 46%

Tusudsed ldldld ocr Engine d11593U il l435n1535918nvs2uuU Deep Learning-based Character
Recognition TnevinsiinTuwafieduundisnusuazinavantensfoulasame lneroudngnszuiuns
OCR szuulavhmsdnnmamguinatensidou (License Plate Cropping) annnwauatu Aalanslu Figure 9.
LﬁaamﬁmmwwmumﬂﬁwﬁqLLazLﬁmmm%mLﬁ]wmﬁuﬁﬁaé’ﬂm Fafldrutaelunmsifinyszansamees
N3EUIUNTI TSNS nfuhnisuendnusy (Character Segmentation) uazsnvszusaziingluinadi
sunnsEin Wlevhinissuun (Classification) fouthnadnsundesdduuazyih Mapping Whiudennuiiensdeu

nsUszifiuaugndosluauifeildds Position-Based Character Accuracy lnsvinnisi3suiioy
shsnwslunsassumissenianadndannsruuiudeyasss (Ground Truth) wuumilssentls Inefvualvinisisn
dnwsiia Mmssliinsu (Missing) uaznsifsnysiiu (insertion) gniutfuauiianaiansduausdumied
Anduass uenandl Sslimsvssiduluseduthens Jeuten (Exact Match Accuracy) tieagiiounnmuaninsn
vosszuulunmsiithenedeuligniesasunndidnus

dloRasanmugndeddussiuthensdourieyn (Exact Match) nud nisléammsiuati (RAW) a1u1so
Silsigniesnsunnddnusdiuiu 12 910 100 wmmmsal vaurinwikumsuuananm (Enhanced Image)
ausnsilagneensuynaIgnusduaL 20 990 100 wRnITe]

nadnsAnanuanbiiuiinsuiulinunmusin e minalnensweuszdnsnmuedunasth
dnase Tneteuiiuiia Character Accuracy Wag Exact Match Accuracy 9g9iitibdnfgy

wamsnaaesazvieulsiiud wissuvavannsolvinadnsigndesanysalluunensd udrwasiaueves
msihdadulsafuddniidesimuniinpudmiumsthluldouase

Tumsussifiulssansnmuesszuuisiidnusantensideu 33018193 Yaudn 2 guuuu Téun
Character Accuracy Wag Exact Match Accuracy \ieazeumuansavessEU LT lusERUR S nYsIaL SEe
Uenzideulagsiu

Character Accuracy Lunsinenugnaaaveansidiluseauiidnys Inefiansananugnsieavessnuse
Tuusiazsiumia WeifieutuAaswesthonsidou

an3 : Character Accuracy (%) = (37Uuf 0N w371011YNABY + TIWIUFIBNYTINUA) x 100

Inglunsusufiu mnddnuslusunislagnde sz duidurngnsies usimniniseuiia e1uliasu uie
adusumis azgnifuduildgndedusiumiatiu
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Exact Match Accuracy Wun1sinainugndesvesnisidnluseautnengifou lneasfinnsunitnadng
gndesireliesnasznnimluihenedounseiumasvianun

gn3 : Exact Match Accuracy (%) = (T1uauthengideuio1ugniesisnun + 1wt enzidey
) x 100

Tnemniidnussinuiitemidsiumis agdeinthensifeutuligniewivun

Figure 9. License Plate Cropping

N15USUUTIAUAINVDININYIBTANANUANTAVBIA TN YT WazaANANTENUIIN Noise wazuail Lyl
axiaue agnelsinnu Yade 1wy yundeawuy Top-View Anuaziduntainin wazmsindouvesing dinsdma
foAULLUE1IBs OCR fanandlu Figure 10.

[CAM2 + CAM1]

plate_conf: ©.877

crop_raw: cam2_crop_raw_0.88.jpg
crop_enh: cam2_crop_enh_0.88.jpg

OCR_RAW:
license_plate_raw: 12049

province_code:
tokens: ['A37', '2

OCR_ENH:
license_plate_raw: 2nu7059
province_code: BKK
tokens:\[22¢, TALY, TAB2%, 73, (N8R, et rat,

Figure 10. RAW vs Enhanced OCR Results

uenantl Ssmudinnufianainues OCR fiAnannisstuiisnusiingd snilinsu wiestuadusiumis
avnuanuasnuAaaedeulun1sisIsnasy (OCR) lussuuiithiaueannsoeiungldnnvansdadoddy
fail
1. puamvasnmihensidouiigndnesnunianuazideauazamaudndide wiissuvazanse
asadudumisvestrenzsiouldgnies udnmdldfnussautiygmanuuas anuaudaliifisame wa
uaziBuavesiidnusiigame dwaliAnnisduunsnseiianann lnsenglunsdvosiidnusiddnvae
IndlAesiu
2. Fnwasnisinsandadluguuesiiuuy (Top-View) dwalinmiensidouwdineudader wu
naBesrasinguazamiiai sutesyunas (Perspective Distortion) fenandlu Figure 11. Feiligunssves
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[

idnwsgniadsuluanguuuudnd dssansznusionnuaunsnyesszuy OCR Tumsusnuerdnvazionzyes
oNUTY

3. anmuasilUABuLamataanan Wy 1 uasEeTieu wazanizsuasios dualnenswionnniw
vosnmihengileu lngoraviliunsdiuresiisnyigmeniaiinnuadnaiuly (Overexposure) danalinig
Hrdnusdinrueaaindoudiuiy

a. pnalaiauysalvestoyanm 1wy nsdanwdiuauiiuld suetiensideudidn nionisuali
UNdveeiIdnes enwvilszuu OCR lanunsasuiuuuuvesthenedeuldnsuiiu dwaliindeiinnaialy
AnwayN1381UMISNEIAY (Insertion) #3831AMNY (Omission)

5. nwargUnssessnusenw neuasiavusifiauadendaty Wudntedendivhlssyuy
OCR iAnmuduan Inslawziilonunmvosnmlifieme dwaliAnmsduundnusziananalsie

fednmsiiengiifiuiy wuirthensdeufigndnoenainamisuafiesszana 0.44% vesam

o dwalidoyadsneandonuosindnusisitn lnsameilefinsaniudumuanBonvesnmiianas
&an3 crop Milinsdindnvsziianunainindeuss

[CAM2 + CAM1]

plate_conf: ©.861

crop_raw: cam2_crop_raw_0.86.3pg
crop_enh: cam2_crop_enh_8.86.3pg

OCR_RAW:
license_plate_raw: 5
province_code:
tokens: ['5']

OCR_ENH:
license_plate_raw: 5164
province_code: BKK
tokens: ['5', 'A@2', '6', '4’,

Figure 11. OCR Failure Cases

Table 2. presents the Overall Performance of the Proposed System Across Major Components, Evaluated
Using 100 Test Events

Component Metric Method Value
Motorcycle Detection Detection Rate YOLO-based 100% (100/100)
Motorcycle Detection Avg. Confidence YOLO-based 0.80

License Plate Detection Detection Rate YOLO-based 100% (100/100)
License Plate Detection Avg. Confidence YOLO-based 0.84
OCR (RAW) Character Accuracy OCR 32%
OCR (Enhanced) Character Accuracy OCR + Image Enhancement 46%
OCR (RAW) Exact Match OCR 12% (12/100)
OCR (Enhanced) Exact Match OCR + Image Enhancement 20% (20/100)

6.4 Han159IUYasszuUlun I (System-Level Performance)

SPUUANNININIULUUATUNTS Aausinanstaduiag nisduddeya nisdanimienzdeu msufulss
AMNINAIN wazn13§Tiadnes Inglutumeunisnsaaduing 1laea YOLO dmsunisnsradusndnsetueus
wagtenziou LLaSIu%UWBUﬂWiiﬁﬂéJﬂ“UiS 14luina Deep Learning WoNANRINEINSUN1TIIMUNAIE NS U
5¥61U Character-Level lagannsnasiannnisal (Event) wazduiinteyalugluuulnaineimuiiailalag
QG
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Tuustazing sl sevvaztufindeyaddey 1dud nmanndesisaeu ndensSeoufignde uas
wadn591n OCR Tuguuuulnédonnu (plate_text.txt) Fadaelstannsansiaeudeyadoundsliogrsaznin

UsgAnsnmuesszuulaesiugnuszifiuainiiadiuwean1snsaady (Precision, Recall, F1-Score uay
Average Precision (AP) 311U Confusion Matrix) kag&@3uv84n15331 (Character Accuracy wae Plate-Level
Accuracy) uananil szuudeiimatiostunistuiindeyatn (Duplicate Filtering) Sathsantoyadndounasiiiy
anuUdefioveateya nanismaasuandliiuiiszuvannsaiauldludnvue End-to-End aeld
anmundeuataveindentasta eglsfini Suldedidaluuiensd wu Inquedouiits yuneseandes uas
AMAMYDINIM BedmaroUsyAvEamvasamMInTIaTuLaEMSH

7. #3Unan13338 (Conclusion)

AT gUsTasdfioTmusruUATIRUTIEnssLETItUT UL uazsruunTTuLaE STy
nedauanamndenastn Ingldivatianmsueaiuvaspeuiiawmesuaznisisoudidedn (Deep Learning) 33uu
wuusiaeslunszna YOLO wagimada Optical Character Recognition (OCR) 1t olwau1saviieiulaly
RN ELEHERN

MnHamMaaesUuteyadag 100 mnnsal wuinszuvamsansadusadnseusudlFfiauutiug
12y 80% uarannsansiaduiumtstiensOouldd 84% wansliiudsdnenmueszuulumsviauneld
anIndexaianiianududeu Wy AnumaInvasYeRNnEes anmLAT Lazsiadeuiivesing TasAaa
wiugananagieuliiiuinssuvausasnwaunasenianuslunsussananasazaugnieldluszau
Aunzandmiunisldaiueis dudunudnuazddyueddumalunsena YOLO fignesnuuuuniie Real-Time
Detection

Tuguvesnsirthensfou wuimsldnmduaty RAW) Wianugndeaade 32% vasfinsldami
N 1UN15UFUUTIRAAW (Enhanced Image) anansatiiuainugndaaiu 46% 3 sagsiouliifiuinnisusudgs
AuNMYRINNTIHARDUTEAMBATNYassEUL OCR agilifodidty nadnsdanandliidfiudn Bottleneck ndnwes
szuulalldogiiduneunsnsatuing wiinnndediavesnunmdeyatidrludunou ocr Fsdwmalasnssio
PuEnIalumIiasnYs

UBNNG FHUUEIAMNINTIIULUUATUI9T (End-to-End) Rausin1snsaduing n1sduedeyasening
sadnseusudnazthenzifeou nsdanin nsusuueRmamveInin n1331ddnys uagnsdaiunadnsly
sunuumgsal Fauandiifiuiadnenmessssuulunmshluldauaiduniunesszuuihse 3 (Surveillance
Systemn) waznsdaduldngmane lnsanunsaanniszveadminilunisasaaeuteyadiuiuninldogiad
DEGRERT

Tavasy nuddsiannsowanddiduiennudululdlunmstanssuunsadungfnssunisduiian
ngungswiumM i dhengifounnndeseasUaluanmiindenass wazduduiinisnaumadanisnsiagu
Fagsmiu OCR meldtedrinvesndeniastiamly ansnhluvszgndldlussduufiRnasld uihdsdesdins
UFuussludvesanuusiugives OCR Tusuan

8. aAUTENaN13338 (Discussion)
nan1s3Ideuansliiiuinszuvansansiadusadnseueusuartnenzdeuanamndesisastnlalu
suiimela Inslangludunountsnmaduingddliaemiuuiugioglusedu 80-84% denndosfuiuima
voslumalunszga YOLO Miunsuszananauuy Real-Time waranunsasnuiaunasevinsmuiuazainy
waiuglel (Wang et al,, 2022; Ultralytics, 2023) agalsiinnu naansaenandiasvisudediinvasnisnyiaduing
yuInidn wu dhensdou lag Wang et al. (2022) seyindszansamues YOLO Suunluasaadeingivuin
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dnvdediwanduniiin faaenndesiunanimaaesesuitedinuinmensafuiensdeuiianumie
WINNINIATINTUIDINTETUEUA

mstmuaiiuiiauls RO wagmslddeulalunisdansesing fumumddnlumafiunnuutiugiuos
s2UU Faumsfinanasnadosiuanulszgnddiunisnsadutensidou wu Nitmai et al. (2023) uaz
Audomthankun & Nakharacruangsak (2024) 7 015l n15nua Wi n5oUs Unvesa M 0¥ 8an False
Positive WagliiANLULug e ssTUY

ludavesmsdugdeyasswihusndnssuewiuaz thonudou wuinisliteyarnndesdesumoiy
duarwauysaivestoys uwnfndiiruaenndoafusuyes Ding et al. (2024) wiszjsuauamna'n,l,ammawhm
LwaqummLmuaﬂumsmmuLLawgmﬁwmwau ImamﬂwawyuuamaquiamaiumﬂmmwwL‘wmwau
AaN1sUTEUIAHA

Tushumsdartengidou (OCR) namsnaastansliiiuinnisuiuugInunwesnmamsaLfinA2
gn#oswas OCR 910 32% LU 46% Tsaonndesiures Nascimento et al. (2024) Auandliifiuinnisifiunanimn
YBINN 19U Super-Resolution kagn15UTUUTITIEALLBEAYRIRIBNYT mmiaﬁdamﬁuﬂﬁgﬁw%mwmaﬁgwg"ﬁi’w
theneloulaegdidudfy

u8N9INT41UYe9 Vargoorani & Suen (2024) S5t liiuindnuasvesiIdnusias JULUUouA fnasie
Armuiug1wes OCR Bsaonadoafutofinnaiaiinyuluaiddod wu nssuingunieduauseninafadnesiia
anwaurlndifgariv

ot 19lsfnn AANutugves OCR Fioglusedud il o sudvaud 19 dey ananings
Fsanunsaesurgldnndedrinueindenasiin 1wy mwaziBenvesthensidoudfivuiadn ypmosuy Top-
View wag Motion Blur SﬁaLﬁuﬂﬁaﬁdama‘lmmw{ammmmm‘uaﬂmLﬂaiﬁwﬁaifﬂm (Nascimento et al.,
2024) Gl.uymad Sequence Recognition 9414984 Bautista & Atienza (2022) %Iﬁl,ﬁu’i’mWiiﬁ’lﬁaﬂmmmﬂnﬂwﬁ
faudaieavded Noise g¢ awvililaaifndefianarsludnuurnsadudduviosiuliing Tsaonndasi
KAMSNARBITNILIToT

efiansunlun M sEUUANTIYNULIUATUNRS (End-to-End) 1e Seiauaenadesiunudliy
vosuideatlmifigatumatanssuuuuuysannstausnisesaduauiangdsi eliannsai oy
234lpeeneiiusz@nsniw (Ding et al., 2024)

oeslsfinu Fedriandnvosszuudintegfinrmusiugiues OCR wazAmAWYBININ ety wuamisly
oA saiulumslineaiinduge 1wy Super-Resolution iensianliaa OCR fioonuuuiamedmsu
Prenzdounmwilng efinlssansnmussszuulaesin (Nascimento et al, 2024) wazluuSunaesnisidau
93¢ Asiitumeu Human Verification anfussuudnlui® elinadwsiamnindedoifioawedmiunislda
AunguewazALUaensiy

9. daiauauuzauIFe (Recommendation)
NnranAdenuhsdiumdumsimunssuudiufudiefivUssansmlusuian

1. Tushumsidrthenzideu (OCR) wifinsufussmanmuesnmazdieifiunausiugle usddl
fodralunsdinimuasuionandes lunuddedidenldi5alddudouielinune funisldouass lueuan
ausaimuling OCR lawigdmiuthengfountwilng vieusvundlfinadintuga 1wu Super-Resolution
war Sequence Modeling iiaifinauusiugluanmiadouiifinuvinme

2. ludumeunsnsraduing Ieldmstmusiiuiiauls RO wasdeuludwiumiaileiuauusiug,
Fanzunslinuede edrlsfinunuidelusuanaunsaimunlinnaiiiouiiusunyeanin (Context-Aware
Learning) lilaedaluiid 1iloannisiawinisivuadeulauuufvuameds wazifiuaudanguvesssuulu
anminadeuiiuandnaiy
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3. M NTILIULAEAANAINNAIBYDIT BN A LU AN INLAILATHUNG DI LANAIS LAl DlTn1g
Ussiliunansounquundstu safanmaiudeyaluaniunisaiaiessezem (Long-Term Deployment Data) Lite
Anwiauafissvesszuy wasnansnunniadewndesiiudsuulamium

4. syuvaansaiasosealnoiensefusrUUdY 19U sruuududeuniessuuiaiiuteya e
sossunsldauaidluszavesans ngludenisunluldeuae (Deployment) msiinsesnuuuszuulisessuns
¥9ULUY Real-Time nsdnnisteyavunnlug (Data Pipeline) uaziidunounsisdeunnugndedlneuyd
(Human-in-the-Loop) tlelfiunrunindefioveswadndluuiunmsdsiuldngmane

wenanil AIsINIsUsTINUEANEN MaaessuUlTUR RN 1Y Latency 90955UU SRIIN1SHANADY
flandas (True Alert Rate) wazaruauisalun1svieuseiios (System Robustness) i aliiuladnanunsa

U
o

Pldlgnulaassluseauesnns

10. MmsUawenslilyayUsehugiBeaineassd (Declaration of Generative Al)
d’luaﬁﬁlaﬁvﬁﬁmﬂ“fjjﬂEyzyﬂﬂigﬁwﬁl,%da%lwmﬁﬁ (Generative Artificial Intelligence: Generative Al) Lile
\Hue3 sefleatvayulunisnsisaeunazUiuugenmnimaesduaty Tneidenld OpenAl ChatGPT Litetae
ATIRERUATINYNABIN N UTuusdlassafuselualiifianunsedunumanivinig nsiaaeunudonnos
y03ULUUNT9Bs TatledosiletygussRugdnarngnlfludnvasdtislumanssaeuuazUsuseunea
wihtiu fldgnldlunisadrenamside madiesizideya msadgadeya vidomadnaulaunuitouseddla Tng

<

ffodugiuiiunsfinu sonuuussuy veaes Wivdeya Sinseina wasdeuSesasyddyimuadonuies
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Abstract

In Surin Province, silkworm farming runs on memory. Feeding recommendations vary by larval
stage, yet most rely on memory and informal knowledge passed between generations. This study
developed and evaluated Maikham Al, a domain-specific chatbot built on a Retrieval-Augmented
Generation (RAG) architecture, designed to deliver stage-specific feeding guidance through text, voice, and
image. The study had two objectives: assessing technical performance of the chatbot, and measuring its
effect on sericulture productivity and technology acceptance. A quasi-experimental design was used. Fifty
silkworm farmers in Surin Province were purposively selected 25 used the chatbot, 25 continued
conventional practice. The RAG system drew on a 52-week silkworm rearing manual loaded into Google
Al Studio’s Knowledge Base, with Gemini 1.5 Pro generating responses grounded in that domain
knowledge. Expert panels rated the system 4.58 out of 5.00 (S.D. = 0.24). Chatbot users harvested heavier
cocoons and higher-grade silk than the control group (p < 0.001), with yield gains of 70-90% across rearing
cycles. On the Technology Acceptance Model, farmers scored Perceived Usefulness at 4.38 (S.D. = 0.78)
and Perceived Ease of Use at 4.46 (S.D. = 0.87); elderly farmers who had initially resisted the phone
adapted more quickly once they could speak their questions aloud. After a single structured training
session, 94% used the system without assistance. RAG based chatbots appear capable of filling the

knowledge gap in smallholder sericulture, even where farmers are older and digitally inexperienced.

Keywords: Retrieval-Augmented Generation, Agricultural Chatbot, Silkworm Feeding Management,

Technology Acceptance Model, Surin Province
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unAnge

Lﬂ‘lsm3ﬂiQLgaﬂwﬂuﬁwi’mq%uw%é’amLwifyﬁ’um’mﬁﬂmaa&hwial,ﬁad sudunaunainmuugnlunsti
ansfunnssiulunutasieve eyl LLGi?huELwyjé’qmﬁqwmamﬁ’]LLazmmiﬁ"l,zjl,ﬂumnmid’lwamﬁ'um
sewinegu msnmilldWauiuasUssdu Maikham Al §aduumvonanignisiiadsduvuantnenssy
Retrieval-Augmented Generation (RAG) 4 9eanuuuiifi elieuugiinisliiesanugeenunisidneu
Fedonmu 13e9 uaznin MeITeiliiaguszasd 2 4o 1dud nsussiliussavsammaradaveusnuen way
nsfanasonandnmaidedmuaznisseniumaluladvonnynang IHUuuun1sisiimnaes dadoninumsns
fisdlm 50 aulufaingiuniuuuanzas wiadunguilliusmuen (n = 25) vdengumsufoanuiBmadaiu
(n = 25) 59UV RAG Fsldananailenisidesimiiiinanadluguanuiues Google Al Studio Tngld Gemini 1.5 Pro
Tumsasdmeuiisananuiluaviu msvssduangdomgyiasuuussuuil 4.58 99 5.00 (SD. = 0.24)
\nwmansild Maikham Al wdasslvdifimdnannnduay naiifiaunimganinguaiuau (p < 0.001) Tned
neiuNaREn 70-90% napnTouNsLass Aunisseuiumalulad inwmsnsliazuuy mssuiusslonid 4.38
(5.D. = 0.78) wazmsuismmdelunsldand 4.46 (5. = 087) nslamzinumsnsgaeny annsaususald
iSanifimalidflefinisteudeyaseides ndsmnmsineusuuuuiilasaing fidisam 94% awnsaldauszuy
¥oe9dase vuidetaduamuenuuaniinenssy RAG anunsaunluldasdunadedluuszdunsauiould
TaslovnglunguinuasnsgeogfifiinuzAdviadnda RAG

A1E1AgY: NsaseleyaEB LR IBMIALAL, LIVUBNAUNENYAT, N153AMsns e nsiv, lwaniseensumalulag,
Jwinguns

@ @@@ Copyright © 2026 Journal of Computer and Creative Technology. This is an open-access article distributed
OETHTE  under the terms of the Creative Commons Attribution License (CC-BY-NC-ND).

581984

g1inen Iwergu, n5EnG Jans, uay Ande uiduns. (2569). nsensedvlsgdnsammsliemnsvueulnunutieisme
welwlaguwnuendieiiumasmswdadilvy Jainasuns. 115575000 unesUaznAluladasasse, 4(2), e3896.
https://doi.org/10.65205/jcct.2026.e3896
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1. uni (Introduction)

Tudwiagsuns invnsnsfidednudulvgorgiu 50 YUl uazdinddiElremnuoulmnuiigous
innurmwygsluasioiou Sainlidulunmudmuusidanemanslugiiomadedw 52 dUamivesnsumiouluu
Hamlailfeginunsnsliviu uwisgiideyaigniedliaenndosiuguuuuildnulsiaidumsiam (Sawangloke
et al,, 2023) LquamﬁmmimwmﬁﬁagLLf’Tﬁiymﬁflﬁmadau Ekanayake & Saputhanthri (2020) ¥inl#L#u3
svuvaunnileyuszAns (Artificial Intelligence: A) Paeinuasnsdadulaldiity udszuudilng oo
WUU Rule-Based ﬁamaulﬁmwwﬁmmﬁﬁﬁwmm@Lml"g"a'awﬁ’] (Adamopoulou & Moussiades, 2020)
Sownwasnsaudsitliogluaniud iy vueuluute 3 Auludesasisiiflgaumgiund seuumariuneulalivie
novRnaniinenssuntsAuAutoyatauiunisadisdnoy (Retrieval-Augmented Generation: RAG) ufyngeuil
lalaunse Lewis et al. (2020) 4@n331 RAG Aedoyaainiana1s93au1usenaufInauLnunIsas1aAInouaIn
Arudwadinan andymdoyaratnindeudadumumdsgduuiuniduusnifineravhlvsslmtsudone
Yu et al. (2025) ve1ounfniilvinsouaquszuuiifstoyanaswndmiontu angiunndsduuiidedd
Yoyarue1ms gamndl uaviannmsvemueunsonty guassafivasegfesunisldam laldsumnalulad
Jantavongso (2022) nuigasenglusuunineldliuiasaunininy uaueundiatudiulnglildeenuuuin
dmsuauifinidudesumiveidnliotin Vaportzs et al. (2017) Buduiniiessnuuulvsesiunisdanusae
Heowagmdnusuunalug nauggeengeensumalulaglaluszaulndifesiuauisiemu nseunuifnniseeusy
walulad (Technology Acceptance Model: TAM) 484 Davis (1989) laaSureini1ssuiuselevd (Perceived
Usefulness: PU) wagmssuianauielumsldanu (Perceived Ease of Use: PEOU) iuassinuusndniifsuaia
inwnanszuBulnsdwinamssuurienaiuiie lumddeisaesiuusgnoonuuuliianaldanmsldnuate
Tuauy

nmerinesdauiuastesiaveunaluladianani dldWamn Tva Al(Maikham Al Chatbot) Fau
umuenidsaumATivhnuUuanilnenssi RAG uazepnuuuamedmsunwasnslAedlagels Tl frgUsyasd ol
Fuuzthdumslemsmurdisivesnaussuy feditoyafanaiafigniomudionsumsoulvy samdsUseiiu
UsgAnSnmuesssuusunandnaiuarnisseusumaluladniunseu TAM dsidmadvayuiadunaiauas
Badsnu Tnsuansieg1ansld Al uilonseiugdUaygviosiu anAA DL R uRETE Tne i deilll
AyUNMIdIAY 4 Usensdetanistygussansuazinunsdaaios 1iun 1) lauonisiauuemueni 14
an1nenssu Retrieval-Augmented Generation (RAG) awiznadunsiaesiny Ssannsauidesitavesssuy
LEMUBNLUULALT 81/ ENY (Rule-Based) Tnsliduuzihfidsuiunuazesdanufidsdnls 2) Waunguuuy
nsldmeuuuunatslnun (Multimodal Interaction) 715895 udonu 1des uazam Tasoonuuuliinuizay
fuinumsnsgelefifidedrinsuinusAdvia 3) uandiiiiufessAvinadassinduessruuriumsidoidmaans
Aamnans Ingaunsauiiumandnldfesay 70-90 waziiunnnnnandnldfosay 50-60 egniltodrdnmaaia
1) LauegUuuuNsUsEYNAlY Al flanansaveenaldaislunianuas Tnenaumalulad Al fsoenuuuigld
Jugudnans uaznsuszdfiuniseensumaluladidiieiu

2. IngUszasAIuITe (Research Objectives)

1. Wewnusazyszfiulszans nmuesuanueniud Al fivmuiuuaoninenssy Retrieval-Augmented
Generation (RAG) dvsuaivayunstiomnsnueulnuniugialy

2. Wiednwnavesnslduanvenluud Al seusunanandn AMAMKANER wazn1seausumalulad
younwnsnafiassviludmingiuns
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3. UNAZIUNITINY
H1: mslduanueandsnalimnunsnsiusununandnnisiaelnuiyusegnedivedn

ARYNNEDA
H2: Msldusmuendaliinunsnsinuninkandanisidesiufivusgeituddgniaia

o

H3: inwasnsiinseeniumaluladuanuenlusedugs (= 4.0 MNAZLUAY 5.0)

4. NITNUNMIUTTUNTIUUBLNQEfAET04 (Literature Review)

4.1 wynvanuazlyyyUszivglunianuns

wamuem (Chatbot) Aesyuuaumndnlusiald Al iteldneurudldmusiutonin selinsidiidstoya
AUz vﬁamiL'%auifmaa;ﬂ%ﬁmmazmml,asLﬂuiwaqﬂﬂammﬁu (Asolo et al., 2024; Kamilaris & Prenafeta-
Boldu, 2018) 413489849 Ekanayake & Saputhanthri (2020) Krushi na@1971@1%5ULNEAINSIUBULAY WU
wavvonannsagisinasnsluntsiaduledigndoni saduiivne dewalinandnduduuazanniuides
Tun131nwns Asolo et al. (2024) 7 I nsWamnssuvavayunsdnduladisdgyUszAugiiuuemuey
(Al Chatbot) TagldmsitaszideyauaznisiSouiveanias nuin tnumsnsildssuumuuzinameynnauuy
FoalnliAerduiuimamsimzdgnuaznisdanisfivna F9eifiunandaneanisinunsLazanuansny
sodandon
4.2 Retrieval-Augmented Generation (RAG) wazlaunanie1vunniug (Large Language Models: LLMs)

Tuwmamwvunalug) (LLMs) Daeifinuszansnmeesssuutlygiussdugidaaunun uidddesdnd
mia%ﬁﬁmﬂaﬂmmmﬁau (Hallucination) (Lewis et al., 2020) @a1Unenssu Retrieval-Augmented Generation
(RAG) Fagnitanntulpenaunsdufudeyannuuasaruinisuenidifunmsaiadmeuseduiaanis e
ANNNABILAZANADAARBINUUTUN (Yu et al, 2025) AwAnNaInTalunsUsuUtesdnuslalnelias
Anaouluinalmivionun RAG Feldsuaudeylussuvatuayunisdaaulaaniznis saudenisusegndld
Tumamsinunsuaznsiiedl
4.3 nsauiumalulagvaununinsgeds (TAM)

nsgeniumaluladimmlay Davis (1989) WunseunuiAndildesuisnisvensunaznisldinalulad
Tnewdudadendn 2 Usenis Ae n1ssuuselew (Perceived Usefulness: PU) wazn1ssusamnudnglunslda
(Perceived Ease of Use: PEOU) Ms@nw1ued Thar et al (2021) wuin inwmsnsfidiuiinaluladvaelinananuio
A mAay axfiwlildnuiaiion uesnseonuuussudliidlaine annsudeus fnaegranndessiunsteusy
4.4 Smart Sericulture wazmalulag loT

Mntefvesaninenssu RAG Tunsandam Hallucination uazifinauasnsalunmsidfsosdanug
LANIEN q’m’?fl’wﬁyﬁnﬁwLLmﬁfﬂG“fqﬂa"mmhxqﬂmﬂh’ﬂumﬁﬁ’mmuwuawlmﬁw Al (MaiKham Al Chatbot)
dioatuayunsliemsnueulvunudsy Taslddoyangiionndsduy 52 dUaiuazesdarmain
Adevgiumeulmniuguaiudnvesssuy

uiefiuadefusenueninuns Sdesidandnaesusznns Ael) szuudiulngdinsiannnsaey
ADIULUY rule-based W38 FAQ Fevilddfudanuiinianisaiaasmiinle uidumas ideinunsnsanutam
Lz 1wy vusuluufvenmstiosasiinundluded 3 e gumgfiogluinusiund (Adamopoulou &
Moussiades, 2020; Ekanayake & Saputhanthri, 2020) wag 2) qwuﬁ'ﬁwﬁmmwﬂisﬁwﬁ (A) 3 ulndunlaly
manussdnlvgmageutuiivliviedm felypdoyauuslnnuazienanswionsnsds udnudumsideduuds
fidoy Lewis et al. (2020) wansliiiuin RAG antignn Hallucination Ta#Ana1 Fine-Tuning #1%5U Domain-
Specific Tasks usiglsifinsmaaeuluuiunnsdsdvdsesdemuinssneegluenasnivilneuazgidean
viosdiutesiniidniauiigaAenisnszuuiieenuuuindmiuinunsnsgeengluruunlneiane

NMsANYIT84 Jantavongso (2022) wag Vaportzis et al. (2017) fian1sAnwiitigasonglusuuvlne
Lildufiasmalulad udszuuiifeglilsgnesnuuuinlidndalduiunmsyanionin dadrdaldunnndinisfiss
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aAdeil Suhannenssu RAG Uy Google Al Studio snaunszuulvuen Al fisesiunisidneuriuteniin
Fos waznw wiengiunrmangfenisidsduu 52 Unii uasUssidunadaon1siseR imnassniug v
nsehenenmalulad (TAM) Zedslifondaviluusuniinnou
4.5 unun1sanfiuanuidelagldisnisuuu Agile

nuAdsElFS L Iumusuilafutoyaitelagldnssuunsdifiunu Agle Tasfseandends Table 1.

Table 1. Road Map Plan in Agile Style

Main Tasks
Timeline Key User Story Success UAT with
Sprint Goal / Epic (DEV /7 UX/
(2025) (INVEST) Criteria & KPI FAG
DATA / QA)
0 Project Apr 21 -  « Set project As a PO, I need a  « Setup Jira & Git  Backlog > 30 Apr 30:
Preparation May 1 values Backlog and « Setup Dev/ items, Cl Online
« Identify Cl/CD to enable Staging passes all training for
stakeholders the team to « Select 5 FAG tests, Focus FAG, sharing
« Define roles develop quickly. Members Area Group screens and
&responsibilities « Draft consent (FAG) joined discussion
forms LINE group
1 Quick May 4 —  Accessibility & 1. As a farmer, | DEV: New big Big May 14:
Wins May 15 user want to see the  button, FAQ Button works ~ FAG test
~friendly U “Big Silkworm” (LINE OA) (Android activity (Big
button easily. UX: Adjust 7+/i0S 12+) Button, FAQ)
2. As a user, | layout + emoji FAQ > 15 success > 4/5
want to view QA: Mobile test items
FAQ without with RAM 2 GB
printing.
2 Smart May 18 Intelligent 3. As a farmer, | DATA: Rule time +1 days, > 80%
Alerts v1 - May notification want to receive engine (silkworm  minute95% of  success May
29 alerts “120% silkworm  age + weather alerts on 28: FAG trial
feeding alert” at  forecast) for 10
08:00. DEV: Scheduler,
text-to-speech
(TTS)QA:
Weather
condition tests
3 Local Jun1- Dialect of Surin 4. As a farmer, DATA: Collect SLA response  Jun 11:
Dialect + Jun 12 & Expert Handoff | want to ask Q-A set, fine- < 30 sec Dialect quiz
Expert questions in tune LLaMA2- (10 questions),
Handoff Surin dialect and  Thai

receive correct

DEV: Confidence

answers. — escalate to
5. If the system expert
cannot answer, UX: Display

it should
escalate to
“Expert”.

escalation to
expert

QA: Accuracy >
85%
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o Main Tasks (DEV Success .
Sprint Timeline Goal / Epic Key User Story / UX/ DATA/ Criteria & UAT with
(2025) (INVEST) FAG
QA) KPI
4 loT & Jun 15 - Sensor & 6. As a farmer, | DEV: MQTT — Latency Jun 25: Field
Analytics Jun 26 Dashboard want to see new  Timescale dashboard demo #3,
MVP silkworm health DB/DATA: < 5sec, PDF  real-time
index + survival ETL + Grafana export notification
rate > 85%. QA: Stress test 3 enabled completed
7. As a PO, | servers
want to view
production
results summary.
receive UXx:ul increased 2 days, FAG
“silkworm enhancement for > 15% usage > 60%
caretaker engagement compared daily
badge”. QA: Anti-cheating to Sprint 1

9. As a farmer, |
want to see
Leaderboard in

LINE group.

test

Source: Beck et al. (2001); Schwaber & Sutherland (2020)

910 Table 1. LAAIANIZYINITAMUITZUUAIY Agile Development Wag Scrum Framework $21#37494A9U

NOBAIAU-NINNIAY W.A. 2568 Laaa1tlun130u Scrum Framework (Schwaber & Sutherland, 2020) vive v
MsRALNTUTEANS AMLaEINTana VAN NNR INSTAsuLUATle

5. NIDULUIAAIIUITY (Conceptual Framework)

Perceived
RAG Architecture Usefulness
Retrieval + (PU)
generation Mean 4.38,
MaiKham Al hich
chatbot
Domain-
Senior-friendly specific RAG Perceived
S system —|.> Ease of Use
Voice, Image, (PEOU)
Al Mean 4+.46,
high

Figure 1. Conceptual Framework
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91N Figure 1. LAAINTBULUIAANITINEY Tnumuualiandnenssy Retrieval-Augmented Generation
(RAG) uazmseenuuuszuuilmnzandmiviasengdudadotitiivesszuulnud Al (Maikham Al Chatbot)
Fadawarian1s3uiUszlen (Perceived Usefulness: PU) wazn1s3uinmdtelunisldanu (Perceived Ease of
Use: PEOU) waainunsnsfidedluy Jadudinanidninadenginssunislinussuunasilugnadnsdunis
Wan P USinnsenAnuayamn muanan Sedenndestuaiufigumsiieraiunandnuazmssenumelulad
HadWSAUUSMAs AN MRARRRunsBULLARRTignauelnsazBesluThde 7.2

6. 5ALUU9UIW (Research Methodology)
6.1 Usznsuazngusiaegng
Uszns Ioud inwmsnagifedlun lusivaniiun Suneusiam dmdagiuns S1uu 8,961 au
naumaass (Experimental Group) LA Uszvnsdslduwmuenlvud Al §wuau 25 au uaznguauAy
(Control Group) @438 MaiAeslvuniuund S1uau 25 ﬂuyl,ﬁaamaﬂﬁamﬂﬁﬁ’mLé'aﬂnejuﬁaaam (Selection

Bias) {378 ldAndeninunInsaniiuiiiedfunasidnvagiugulndifssiundusiudssaunsalnisifedln
PIANTHEN UarFULUUMIInNSYsy deulsunseaeslaiimIsiunutasiUSsuiisudayaiiuguvensaes

¥
&

nau Wefuduinnguvaasauaznguauaulifieuuandiideddgluiugudnvusiuguiionadwasie
an53Te FeenunsmiunsuifisunadnsneldgunuumsiseRmaassldetnamnzan
6.2 wiradlslums3de

wsesdlelumside 1éuA 1) wuuussliudssavBamuasamnugndeswessyuy 2) wuuliudin Log msldanu
38U (System Usage Logs) 3) quaaumwﬁayjawaﬁwémiL?iymlmﬁm%’mdmmuqu 4) wuuduiindeya
nadsdlay 5) wuvasununissensumalulafuoUndiatunasusnuen 6) wuvasunuawRanelade
woUndiaTuLazuTUEY uay 7) srvuusnuaninu Al §etaudulaslduuiAn Retrieval-Augmented
Generation (RAG) leatiuayunslazuuzihdunisliensmoulnnutais Tnsnoumamangiuaug
Aitenaideslvn 52 dUonii Tediilsiduman Toun 1) neudmumsliemnsmeulvmnutaedy 2) wugihseunay/
Usnayanmwindeniivanzay 3) udadieufanssuddny 4) Tinsgviamiouszidiuguamvueulv (Kamilaris
& Prenafeta-Boldu, 2018) 5) sesumsdsnuseides 6) senuuy UVUX fiwaneiuigeens (Thar et al, 2021)

Tkuan Al 53&391“505“55 * 6'Z‘P'iz.lﬂ°"l Al su-souFesnnsifonmswout
dGorn

0 ) s wuoulvude 3 easTkomns
(Bu/an) aaiez ozlsdna? Hluse?
BudliduTneniFoeliiomisuuouluu
dauda 21:25w.
B Woidoo R asuFuq  9sunandua

nusulvuds 3 msl¥gunsluviou

e Aanazonn Tuaz 4 AF9 1nan 7:00,
(BGu/oan) Kruaulkhvie 3 11:00, 16:00, uag 20:00 u. UFuIu
tHo:ls aluva? usiazaF tiRgawoaundvuou vy
AWNEATIU..
(Bu/1a7) huaulkude 3 » Wadeoa ﬁ‘z:\]%'ufi o8unuauBun

AstkoIMIs...
. 21:25u.
b Woidsw W asUduq  osuwazdga

an"\a?u\ ﬁ“““ma‘ W U Ue/Umides =
. J Py Handino ey HWados & ayufiug o8unuauBun
n Fuidonu 1w vuouluudy 4 masiionmsins
(a) (b)

Figure 2. Ul Chatbot Maikham Al Examples (a) Ul Sample Question "Feeding Ages 3"
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Figure 2. (a) wanssegnminaanisldanuusnuen “luud A7 Saeenuuulisassunisldaudmiu
\NEAINIHEI01Y dnansafiuriviseynany nieuuuusunmuazlng seuudiilnduilades nevasu/anden wasdy
Feedback iinmuayaanlunsidmeu Fieure 2. (b) LERIFI8E19NTSAIAN LAZUARIHANISABUNSUAY
gutoyalugiionmaidedv 52 dUai uasilriduiladesdmiudiitymiuamen
6.3 MaiusIusIudoya

1113 Tuldn153 Touvunaunau (Mixed Methods Research) n18ldnsouni1s3saidmnaas
Alpans (Quasi-Experimental Design) Masiiiulasanisiiszozinan 13 1fou Tagiiuan 1 ganau 2567 - 31
naAw 2568
6.4 N139INKUUNTZUIUNITINIUVDITZUUKAZNITANTUIIU

ASNAUISEUULRLAT Al (Maikham Al Chatbot) atlunisnigliluiAnniswauige i lisuuy Agile
Development 321AUN3ZUIUNITIVRAZ WU (Research and Development: R&D) bil Eﬂ‘mmmmﬂiuﬂid
szuumutelausuurvesilinuaidliognseiiles Tasnszurumsduiunulsznoude 4 Fumeundn &l
6.4.1 N133UTUBIAANNTUALIAATENFIUANS

{feldmurmesdnuinuniadedmangiiomadedn 52 #Unv wnansinnsvesnsumioul
wazuuzthangdeamagdumiouln dWethindavindugiunnuidmivszuuummuen Tnsionansan
#sumsmsndeumugniosazauaenadesesdemieuiningsruu
6.4.2 NMINAUITTUUKINUBNIAUAT Al

szuulnua Al lasunswauivulwanwesy Google Al Studio lagldlunaniwiauinlg Gemini 1.5
Pro neliuufn Retrieval-Augmented Generation (RAG) Wl al#szuvanansafududeyasnguaiuiuas
aefmouTiwneaLT UL UNTasaN SrUuTesiuNsAeansniutonina es waznngne iesuisAadEaIn
Lmmwmmwmmwmamﬂmmumﬂﬂmumﬂiﬂaamwa

uenaniy sruufasesiunsUsznanateyavatesuuun Tiun dernu 1dee wazam elfiuamdamey
Tunsldnudmsuinensns aatlaenssudsnandiglissuvaunsaliawuzdiuuuissalnl dauwiue was
ausavgrenalUldluuiuninensnssulaegrsiusza@nsam

Knowledge Base
(52-week Handbook PDF)

{

Google Al Studio

{

Gemini 1.5 Pro

}

B |
[ O
[ ®
| i
[ )2
| Y

{

@ Text / Voice / Image Interaction

V

Farmer

-

Figure 3. Maikham Al RAG Workflow
911 Figure 3 LM@LﬂHmiﬂiﬁﬂﬂqﬂ’mmqﬂﬁ VUNIUTDAN LEBS BTN e ﬁwUUﬁ]uVI’]ﬂ’ﬁﬂUWU‘*Ualla

fidsrtosnguanuifeusznaudegiiomadodim 52 dUaviuazienarsdumioulvadiieados aniu
Yoyairuduliazgmiluuszsnanasuiuluma Gemini 1.5 Pro Wieadudneuiivnzauiuuiunvesilianu
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NTLUIUNITAING 1T I8ANANLARIALAG BUYDITBYA (Hallucination) wazlfi uAIugnd psvosAwuztily
msdansmaidesln

nsawwnvangenstiemsueulng 19wannis Agile Methodology m1u Beck et al. (2001)
wae Scrum Framework sal Schwaber & Sutherland (2020) Witelyansnsausuugsssuumadaiauauuzvaslinuass
Isferaraiilos &1 Table A. Tunanuan
6.4.3 NMIAgaULAzUFUUTITEUY

n¥nimsEUIUR UL §idelddudumavaaeumahauesszuusufungununansgidsd
wazd i v iumisulny i oUsziunugnFesuesAiney mNumINzaNvesduAndorld uay
UsganBamvesmsiiduuzi Tnsthdetausuusildsuunusuusssuvegwsaiiesnuldssuuiiiinnumion
dmsunsldanuasa
6.4.4 nsrszuululduazussiiiuna

fAdeszuulnud AU Undumnaess v 25 au luruziinguaruauduiu 25 au T938mades
[HEREGIRE mmfu?mﬁmwmwﬂ’auaéfmwamé‘m AMANHANER n1seausunalulad wazaiuianels
vosglian Wieraiiesgvinay UiuLll‘uﬂ5uE‘1‘1/lﬁNa°ZJENiuUUV1WGNu’1°UU
6.4.5 tunsuliunsrurumsmagaugariduastugaine

Afiunslagr 199133 e (User Acceptance Testing: UAT) Aiutindde ynausud loun 1) wiew s detunou
msldnuuaginlodau < 1 Wil deu 24 4y 2) veaau sty LINE/Teams wysaanm uavlviinussnsyi 5-7 11579
3) Lf‘m%@sgja 1AEAMUALIATLAAZAIINA, kag TUinDe 4) INaUeiIU Ao d159 > 80 % way 5) auna Lanssgau
“UAT Insights” 1 111 Aelu 24 2.
6.4.6 sdandlun1simsziiteyalunudse Usznouse

1) adfAnssoiun Toun Aiede dnidssvunnsgu

2) Welch's t-test dmsuilSeuiisunquaiunuuasliniuay

3) Cohen's d dwsuvuatanving

4) Cronbach's O dwisunnandesiuesiuudeuniu TAM
6.4.7 @aa1Unenssu Retrieval-Augmented Generation (RAG)

szuuluua Al (Maikham Al Chatbot) lasuniswaunuuunanwesu Google Al Studio Tagldlananiuw
yualug) Gemini 1.5 Pro nelfuuafn Retrieval-Augmented Generation (RAG) bl atfuayunsliduuz
Frunsdsduniutaste lnefigunnudvesssuudsenoudsaionaidssiva 52 §Ua uazesdauiiiu
n13id slualuguuuuled POF wazdUlnanmd g5 un Knowledge Base 184 Google Al Studio 1l ol 8u
unastoyadeddunismoudany edldaudsinmidigszuu naln Retrieval azAuAudoyadiii sates
NnLenasgIuANNAdaAuly mmfm’faagjaﬁnﬂa'nﬁ]zgﬂ?iwialﬂé’qiuLma Gemini 1.5 Pro il ea¥14Anaui
aonndasiuuIunvesAiniy Favaniyminisairsteyanainiadou (Hallucination) wagifiuAugniesyes
AuuziiAsafunmadsdey ssuusessunisldneuiiutennu des wagnmene iesusanuaznInun
inwasnstigeenguaslinuiidediadunisltinaluladndia

Tssad1s RAG dmsuszuu Al dedlnuidududenssfougiunug Tasuwsgilensided 52 dUai
(PDF) panidudugosq vum 500-800 IniAu Tnefldniigniu 100 Imfuszmndndesiidaiiostuauini
gnidenainnansvadeuld sswiuiinudt daugesiifvunadnnit 500 Imdu fhazdaduugiiniadsdu
nansustlen shliidmeumauiuniisndudmivitnisiliaznsiedoya szuuld APl msAstoyaiBenumneg
wmsgilu Google Al Studio unugnudeyatannes nsiadulafifinandediialumsldnunisuen tunsns
WmneldszuuruivueUndiadusunuuuuannalny 3 seenisammiasei W ogldnmdiany szuy
szAnumuadeaduullalsissnindeyailsivesinuuasdeyailsiveaenats wazfsdndiieadesnn
fign 5 du (topK = 5) titetleuring Gemini 1.5 Pro 1flead1sdneu A1 Temperature Ayunl 0.2 Fasnin
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6.4.8 wandwaf luna uazieSasdefildlunswann

1) uwannesu Google Al Studio lngldlumantwrvunlug Gemini 1.5 Pro 483 Google DeepMind 1Ju
nalnnanlun1sUszanaNan eIsIINTIRLAAS19AINOUSH LUITR

2) gruaudvessruu TiuA Lonans POF gilonisidsdluu 52 dUaii uazesdanuidnunisniedlui
Aieades sﬁaqﬂﬁ’mﬁﬂuiwu Knowledge Base %94 Google Al Studio Lt el#fatiuanunszuung Retrieval
melaanUnenssy Retrieval-Augmented Generation (RAG)

3) N1snAABULATUTUUIITEUUAILTUNITH U Google Al Studio waglT UkaUNE AT UR ULUY
fiauntudmiunslinuaimeanumansdidedm lnsssuuannsnsessunsiudeyarudennu e ua
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7. Wan13338 (Results)
7.1 nansWauwazyssiliuuszAnsanveswanuanlnuai Al i Wauavuaandaenssu Retrieval-
Augmented Generation (RAG) dwsusiuayunisiiamnsuueuluuniueiaeie
7.1.1 msusziuUszavsamlneideavigy

szuuuamuevldumsusziulagfieineg 3 i wuiiiuszansamlassadusedu "fann’ (Aiade =
4.58, S.D. = 0.24) IngAnugnfeseInsiliomsvueulnulinzuuuagn (ALRds = 4.70, S.D. = 0.20) Tu
Table 2.

Table 2. Evaluation of the system's efficiency and accuracy by experts

Evaluation Item Mean | S.D. Opinion Level
1. Accuracy of the silkworm feeding table 4.70 0.20 Very Good
2. Completeness of data for each growth stage 4.60 0.30 Very Good
3. Up-to-dateness of data on silkworm diseases and pests 4.50 0.40 Very Good
4. Accuracy of the summarized answers 4.60 0.30 Very Good
5. Efficiency in helping to reduce farmers' errors 4.50 0.30 Very Good
Overall Mean 4.58 | 0.24 Very Good

7.1.2 wansusediudssaninwianalinvesssuy

Han1sUsziuauamisalunisiuAuteya (Retrieval Accuracy) taitasiefiiidedin1uas@induiin
318911 (System Usage Log) 78insasnsnaumaass $1uau 50 au 59 1,050 51613 aasanisidesl 2 Ju
wudirderhaunszanedilu 5 mnavdnedwauga laun quaimuaznisghensvusnueulyu Sevay 21.62
ammwwuaulmmuammuLLavmwmu Yovaz 20.86 mndu 9 fovay 20.19 Aainmuazrilalumiou Seva
19.33 UazAN319A /815 $oar 18.00 azviouinssuuasasesiumnuiivainatsaaennszuILNTg
Aeslnaldasounqu uandliiiuitaniinenssu Retrieval-Augmented Generation (RAG) anunsarinisdoya
MngruasFiunsdedluulfegrediusyansam
7.1.3 Han15UsTliuAMAWAINBY (Answer Quality)

Tnerideamey 3 viiu Ussdiudney 200 fioiu wuidneufissuuadatuiinnugnies anuasudau
LazANAmINE AT UNYBsAIATL foar 85 AmaugnAesulsdIl Tosay 12 uay Mnsudavdeliiieides
Joway 3
7.1.4 nansUsziulssAnBnmuasszuy RAG fiseaziBundail
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1) NMSNAEEU Retrieval Accuracy tatAs1gitatemn uantuiinn1sl491uaswesnunsns 50 Au
(1,050 $78M3) wudmanunsEatedilu 5 vnavdnegweung Sevay 18.00-21.62 Aiaviin dvviounnuviaInvany
yoaUssiuiinunInsiosmasiUinumannisasniaidedlu

2) msUseidiu Answer Quality Taeidevey 3 vivu Usziliudney 200 daw wuin 1) fidneugndes
auysal Jovar 85 2) MAsugnFessdu Jovay 12 way 3) MasuRnvieliiiAeites fevas 3

3) Failure Case Analysis nsdifiszuuneuiin (Fevaz 3) drulvgiinaindiaiuii dudeuniedesnis

MIAANURNIEYARR TeszuudzkunRnsedeIvmy

Sovay

fnouRsvielsiifisatos l 3
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Figure 4. Answer Quality Assessment

7.2 wansAnenavasnisidurnuaniuudl Al deUsunamandn aun nkandn wazniseanuwmalulaguas
inwasnsidedvalumiagiuns
7.2.1 wan1sAnemavaInslduanuaniuudl Al daUSunaNanan AuNTWHAKNER

NaNINAFOU Welch's ttest wandlyiifiuinnunsnslungumaass (Experimental Group) @sldusnuen
Tnd Al Tnandnuarannmrananginitnaualuau (Control Group) ageiituddgyeada (p < 0.001) Tuyn
% Tu Table 3.

Table 3. Comparison of Sericulture Production Between the Experimental Group and the Control Group

Mean of Mean of o
(o]
Variable Experimental Control t-value | p-value | Cohen'sd
Increase
Group Group

Generation 1

Number of Silkworm Trays | 30.20+12.28 17.32+7.18 | +74.40% 3.784 | <0.001%*** 1.07

Fresh Cocoon Weight (kg) 6.20+2.86 3.69+1.66 +68.00% 3.337 | <0.001*** 0.94

Average Weight per
3.13+0.57 2.09+0.29 +49.80% | 11.461 | <0.001*** 3.24
Cocoon (g)

Waste Silk Weight (g) 98.80+£37.20 | 216.72+94.09 | -54.40% -6.944 | <0.001*** -1.96
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Table 3. Comparison of Sericulture Production Between the Experimental Group and the Control Group
(Cont.)

Mean of Mean of %
Variable Experimental Control ? t-value | p-value | Cohen'sd
Increase
Group Group
Generation 2
Number of Silkworm 28.68+12.12 15.16+5.41 +89.20% 3.656 | <0.001*** 1.03

Trays

Fresh Cocoon Weight (kg) 6.04+2.57 3.22+1.39 +87.60% 3.622 | <0.001*** 1.02

Average Weight per
3.28+0.45 2.06+0.19 +59.20% | 11.354 | <0.001*** 321
Cocoon (g)

Waste Silk Weight (g) 107.24+43.53 | 234.40+£85.00 | -54.30% -6.699 | <0.001*** -1.89

%0 < 0,001

970 Table 3. WU FuUSinamanan wui Sutunseesluiiady Sevay 74.40 (i'uﬁ' 1) uay Sevay
89.20 (iu‘w 2) LLavuumuﬂiqlmamwmu 3988% 68.00 (ium 1) uay Sevay 87.60 (ium 2) muﬂmm‘wmamam
wuin dminiedese Safiudu Sevas 49.8 (ium 1) uay Sezay 59.2 (iu‘w 2) uazihwinddlwduanas Sevay
54.4 (?m/l 1) uag Segay 54.3 (?m/l 2) wag AuauIAeIINg (Cohen's d) Wudn AuAMAIN d = 3.21-3.24
(@walvgann) uagduySinm d = 0.94-1.07 (wunananstislug) wansteranseyudauandidaau
7.2.2 man1suszidiunisgansumalulag

Ham533e WU neasnsiiniseensumelulad dil

1) m33uiuszloviivesszu (Perceived Usefulness: PU)
HaN3TUUsElorivesszuy uansly Table 4.

Table 4. Perception of Benefits

ltem Mean | S.D. Level

Helps to better manage feeding according to growth stages 4.48 0.65 High

Increases the efficiency of sericulture 4.16 0.80 High

It is useful in providing the required information 4.40 1.00 High

Help to improve silkworm production 4.12 1.01 High
Is beneficial to sericulture 4.76 0.44 | Very High

Overall Mean 4.38 0.78 High

3710 Table 4. nan1sUsziliunuInnunsnsinsiuiusslemivesseuulusyiugs (X = 4.38, SD. =
0.62) azfouissuuannsatsatuayunisiadulasumadednulfessdiussansnm
2) ms¥uinnunglunsldem (PEOU) ANRAY = 4.46, S.D. = 0.87 (SzFULN)
3) msenenenwalulad Aanssunsarenesmeluladsidunislusivadomads daduiiufivenona
mevidsiuaanmeassniauslusiuaniun suneumam Smiagiuns IneflieasBondail
3.1) 1NWAINS 3888y 94 (47 910 50 AL) @unsaldaussuulanasnisous
3.2) pwfianela fAnede = 4.29, SD. = 0.70 (Szduan)
3.3) \uAINT Seuay 86 sasnstdaulusudaly uazinunsns Seuay 82 Bufiuuzthlinunsnsau
Susioly

[12 of 16]



= ISSN 2985-1580 (Print,
I' J" (Print)

May-August 2026, 4(2), e3896 Journal of Computer and Creative Technology =/ I—-

DOI: 10.65205/jcct.2026.€3896 Msasreuiimefuazaluladainsassd < ISSN 2985-1599 (Online)

(Research Article)

4) M3vgrenawazn1satenennalulad N1sMaaeInIAaUINLaZN1AUTIUTINT By ad1 MU
UseiliuUseavsnavasszuulvue A G?’]Lﬁ‘lmﬂiqu‘uLﬂ‘lﬂﬁ]iﬂinLgﬁlﬂﬂmiuﬁ’maG\’]L“U’l gnausiam Jawminasuns
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dushuadomdaduiuiidmiumsvenerauazaeneamelulad

8. #3Unan13338 (Conclusion)

o a

seuulnudn Al vinalaasduiufidiuaniun suneusam Jaminasuns inwnsnsnqunaasaiedluy

énarduesudanuidieifioutunguiliititu AsihindunafenadnsiiAntuludiafersounsidecund lails
1AT9IN5UTDIT28ZE T LLaxLﬂwmﬂiéauslwzleﬂuﬂqaaﬂﬁgﬁszjLﬂEfL%'LLaUWELﬂ%’uﬁmmimwmimdau
uadwsvian Idun ssuuusmuoniivssAnsnimsesy "fun’ (4.58/5.00) nandnifinduiesas 70-90 uax
AunmATuSesay 50-60 inwmsnsseuiumaluladluseiugs (PU=4.38, PEOU=4.46) uazmsnnemaninalulad
fignsnnudnsadenas 94
msoBuneranIENUTige maiuturewmandniosas 70-90 figsniumAfeduerainantatondnded
1) Baseline 1 Lilasaninunsnsluiuiidnuniinandnaidsnounimnassiiniiriedsvesssina
Feilemalumsuuusmandnlfnnideldsumsatiuayuseouamuenlymd A
2) Focus tamenslenns nsnunidulivupmsliowns Jadulafevdnilaadenandnunnsig
NnuATeduiinseungquvaneiy
3) msldaududu inwnsnsluamueniads 43 aduedu uansdanmmirluldedieadedy
4) Seasonal Effect 1uAduilifunmsfinuilugisgefianzaneadmadenadns uananiinunang
nausegn ugiiszaunsallumaidedimgs Whlaanmuiunitu
5) M3ATITADUAYILGNFDI 111113 Cross-Validation fudeyaannsumieulnuazmnsnsluiiui
Tndifes Fuduiwadwseglugisiiiululy
N3ATIZINGANTTUNTITIU
1) Uuuumsldan 99nnsiesedt Log msldau wudn naildausedigado 06:00-08:00 uay
17:00-19:00 HFangendn Aen1sliomisaiuyiele (Sewuag 45), sAnazdng (Sesay 25), annuingou
($oua20) InoszoznansaunuLeds 3.2 Wi
2) msUuUgamgAnssy dunwaliBadnduineasng 10 au wuiiuasuanlfemnsmuussaunisel
Bununsefiwugd duanuaulalunisdanneinisvesuouluy uasfiautulanndulunisdaduls
uananil nwnsnsdimenuiinsdunauastuiinnginssuvesuoulnuegwasinauoniniu samfsauiso
seyonsiauniluszeziuduldiiadu Ssdwmaronisandannisgyideuaznisiiuguainuandslag
ToRunumaniaonadestuuuAnuas Davis (1989) fiszyiinisfuivsslevdonauraiadufduinion
mMadsuutammginssluszezen
AdeiievesnansAnwilldnsAnuuuy Quasi-Experimental Design WioMNGuAUAL WAz s Tnna
wanease Yreifiunnuddede (Internal Valdity) wazdinsanenenmealulad ivszauanudnsaluiiuisy
wansfanuatsalunisvensna uwinissednss SdunsagUluguiiifuunuansnann (External Validity)
wazdimslivaeitiauarnisussidiulnedifenmgdietusuiinddifesnmsinldais (Construct Validity)
wiman1sifuasuansliiiudaseavsnavesszuulumd Al TunsifiunandnuagamnMuaREaeq
inwnsnsfided winisimumadnsmsinsanaelduiunvesiiuiiine esnnguiegaudununang
fifsraumsainisdedluulussiugs uazdiiunsinuluduggmaiimngausioniadedly wenani ssuu
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9.2 nsyaNsuwmAluladniu Technology Acceptance Model
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Abstract

This research aimed to develop and evaluate a prototype of an occupancy-driven air conditioning
control system. The system integrated human detection technology using the YOLOv8n algorithm with a
Raspberry Pi processing unit an edge computing solution that is cost-effective, low-power, and compact—
for real-time occupancy monitoring and counting for controlling air conditioning units via infrared signals.
The system's performance was evaluated through 791 recorded events, focusing on detection accuracy
under real-world indoor environmental lighting variations varying environmental conditions and control
responsiveness. The results indicated high robustness to lighting variations, achieving an overall average
accuracy of 92.21% with a Mean Absolute Error (MAE) of 0.44 people. The primary cause of detection
error was attributed to person-to-person occlusion during high occupancy periods rather than lighting
conditions. Furthermore, the system effectively adjusted air conditioning operations based on real-time
occupancy, significantly reducing unnecessary energy consumption when spaces were unoccupied. These
findings demonstrate the potential of the developed system for integration into smart buildings and

sustainable energy management applications.

Keywords: Air Conditioning Control, YOLOv8n, Raspberry Pi, Object Detection, Person Detection, Energy Saving
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1. uni (Introduction)

Uigmﬂlmé’?@a&uislummqﬁa’m'lmuu%'au%u lidaudeinisliieiosufuenaiioadrs annzany
auneiiaaufeu (Thermal Comfort) fisigstusgnssioliios ansenumslidrendsny we. 2567 wuiy
adeulnedsnnmaduiweeiosuenmeadeds 1.7 inieieniaFeu dualifinszenlwihgeds fovas
34,0 YpeArldIesuNgIUTaLn (National Statistical Office, 2025) aealsfinu nsldauriessu onna
TutagUusinidunisisdnuunas Taglisisiannudsuwlasmesiiuniugldnuasaluiiui dawalviin
nsauddemdnulaglisnfusasnszaennuduldlivanzay Ssmsuilaymdinanaonadesiu Wy
FUNISHAUI91A158 925 8y (Smart Building) kasn158 N5 Na9e1uae 198 98 U (Sustainable Energy
Management) (Massey, 2025)

INMIumuNUITeiiedemuin dane3iiulunszna YOLO (You Only Look Once) la5uni1sunun
Uszgndldlunisnsradusariviuuyaaaluvainraisuiun 1ag Chen et al. (2025) lamunluwma YOLOv8N
dmsunsiatuanluriesayndaniey wagnuindanuuiudigmsaudssuanalduuuisoalnivugunsal
fiflnswenssata uenaini Yulita et al. (2025) TéUszgndldlaina YOLOVS lunsmsiaduaumunuiiusesau
\ierunuAd esUuemashlutAneludiiney wazigavinannsaannisléndanuldegrsiiuszansam
agalsfimu MuiTedinandinauulsunuresanmuasainsluiufionns faniswdsuulasmesuas
sssuvAluanatetu msdesiuntisnauudeunas (Backlight) wazuasssAuvgasianuasnliluiaan
nNaeAu AudnanIznulnenIwalate sNINLAZNISANLIITUNIUNINIRLE

Fewnid muitelddatanissuuniunuadesfveniadaaiesfiarunsonouauosenumuwi
vog ldnulauuuisealngd IngUszgndlddanaifin YOLOVE wWundnsenduiudldanuanamidale naiunis
Uszgndldmeufininesuunaidndifiussansnmgs 0g19 Raspberry Pi fadumadeniimunzauiigalunsaiis
STUUAIUANLUUYSTINANATIUA1M4 (Edge Computing) flasaniieuansnsalunisuszanananwainuadn
Ilneasauuuizealnsiimumesn GPIO Safulugadunsuse Tnglifianiadeausivieviessuuaaidniouen
FIWARANUMININAVBITEUY andununsthssinw uazaenadosiuunAnnsianmeluladormsdanies
fagu

2. IngUszasAsuITe (Research Objectives)

1. ileWaunszuuUszinanalunInsaduyana vuusinUsyanana Raspberry Pi dmiunsaduuay
Aasgrenunuduvesldnuluieswuuiealnl Tnglddane3iiy YOLOVS Tunisduunduinyanaainaw
Anlenilugandas (Camera Module)

2. 1 9OBALUVLALA AR 938 UURULUY (Prototype System) 7 anu15aAauA Tl arf Fundnaos
30sUSUeme (M3da-Tn, mMsusugaumad, wazn1sUsUANLLSIAAL) N'mﬂ13?1'@??’15@538@@@5@5@@1514
dunsusn (R Transmitter) fihsuaenndasiuranistuswiuldnuuvenaiomiveinmea Wy n1slia-Ua
mM3Usuaamall uazausinas

3. ileUsuifiuUszAnsnwnisrhaiuresszuuduuuy Heluduauuugivesnisnsadud iy
AMULEIlUNSABUALRIVRISTUL wazAuasalunsUsuanmenmgiliunsauiudwudldnuase

4. \ievnausuuInansUszgndldszuuaiuaudalud@ iumalulad Computer Vision wag loT
WesinUssansnmnslandsnuluseduenns (Smart Building)

3. MIMUMUISTAUNTINLATNgufitieadeq (Literature Review)

3.1 szuudiuamALasNgean1ITANEaUE (Air Conditioning System and Thermal Comfort)
szuuUFummadugunsaiifinisduuFesmdanugs madanasndsnueg1edsiiu (Sustainable Energy

Management) 343 a.uN N ®1aUAaTENINNTUTENEANG 191UAUNTATI “an1I8ANNaUITIRNNTaU”
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(Thermal Comfort) Gannefisannizianlasmuduanseufiswelasoannuindonynanmdousoud 1uide
H3nhuwnAnenssenies (Smart Building) mﬂizE;ﬂﬂﬁfftﬁamuqumimxmammLﬁu Tmnnganiuinuu
faeniluiiud fednssnwanizarmavisvesldnulunieutunismunu mslindsnuliaaussansam
a9gn (Massey, 2025)
3.2 wunAnszuuauusnlulAuazBumasiinvasasswia (Automatic Control System and loT)

szuumuAudnlugiAvhauriunalndesyatoundu (Feedback) Wiausuiasuaniuzvesgunsal uazan
N13UNINULIIINUYWE (Ogata, 2010) mu%’aﬁléfﬁwLLmﬁmé’fﬂﬂénmuimmsémﬁuwnﬂiuiaﬁ Sumnesiinvas
asswds (o) Tneidendemireuszananaiulugadsdyandunsnisa (R Transmitter) i ol¥szuuaunsa
Uszananauazdan1sila-Ua visufugnmgiiedssuiuemeliaenadesiudiuiu {ldaueTauuioall g
Frwatuayunsiindanuegaivszd@nsam (Energy Efficiency) laognaudugusssu
3.3 NBN5UTEUIANANNATTALATN1IATI9UIAY (Digital Image Processing and Object Detection)

nilslunszuaumsdugefidrdyueamsussinananmidafie n13n3199uTng (Object Detection) fif
WhvsneifiessyUszinnuagsiunmisveadivane Tuannznisldauaianielueiais anmuasiinainmans
(Varying Lighting Conditions) feifuiladesuniuneusniiddniaaselunaneufiumesiviay msasuwas
SEAUAMUTLLAWMAENTAALIANNTENUULRYING a1unsadaileudeyaiinigalunin (Pixel Intensity) inlw
anuwaiznsTuundureusazgusansmenmussuanagydenudneu nsmuauszuuSaludazednduses
THuuudrasddassnedssamifionifamaudnuasnuniugs wu luieansgga YOLO fqaisusumiuusiudiuay
MsUszananaLuULiealng (Sohan et al, 2024: Chen et al., 2025) NuAsedssiwnaluladfananu-ldiols
ndesanunsanenueziaziudiy “yana” meluesldedeiuviaed doyadiuudldauildazgndaluds
mheUszinanaiodinnaiosivoinmea lnedalui dsioidunalnvdnlumsuimsdanismdsnuliaenndes
AungAngsunsleanuasa (Yulita et al., 2025)
3.4 "ATeiiAeadas (Related Research)

nsUszgndldinalulagdayeuseivg (A) wagnisussanananim (Computer Vision) lun1snsiaduing
wazyAmalasuNIiaIegeinslan Insamedane3fiulunsega YOLO (You Only Look Once) ﬁgﬂﬁ’mﬂ%
Tumannvanggeamnssy Sfsnnsysannsiienisdanmisndanulueinissaaies (Smart Building) 91nn13
nuTRsTANTIINUATeT A st araeandestunstaussuuluad el feil TuduniswamTueals
M191uUugUNIINTneInsIin (Edge Devices) wagn1ssullafuninunuikiuvesay (Crowd Monitoring)
Chen et al. (2025) laiaulaaa “Dense-stream YOLOV8N” dwisunsatiu auluviosayndinses Ingtiluima
YOLOV8N 1u3utgesaeluga DensityNet iitoudtlamniaiuuatiafiu (Occlusion) nadwsuandliifiuinszuy
fAuusiug1gs (MAP@O.5 ~ 0.99) wazUszananaldiirdis 254 FPS Tngldnineinsnisuszananasm Jumnzan
pgadedmiunsiiunud-eenuwuuBealny uenaini 1uddeves Jayaram et al (2024) 1414 YOLOV8 $aufiu
wiatla Transfer Leaming luszuundensasUnifleszyuazinmayana wuinszuuaansansiaduyananiouiy
Idfunndis 38 aulumsaiiien feanugnies 94.67% usiluanm uasvdevimeiasuly uazaenadeaiiy
s3%8e4 Jayaram et al. (2024) Alsuszgndldimatianisiouiuvuaieleu (Transfer Leamning) $aufulana
voLOv8 Tuannguandeuiiinmauasunuasesanimuas Feududanuannsolunisduunuagiudui
yamalufiufivuwiuldognsdussaniam dusunsisuiiey Ussavsnmeeddunanszga YOLO aunaidn
(Nano Model) Alashrafi et al. (2025) ldnaaayu YOLOv8n, YOLOVION wag YOLOvIZ2n lusiuidsyFasu
3991u8 #280MN71 31,000 AW WU YOLOVEN Tfwadws a7 el eldinasinisuseiduiidusn
(MAP@50-95) \ilasanniimuldiuFeudosaruusiugilu mssuundumis Snvisnistn YOLOVS luuszgndld
fugadayalanig (Custom Dataset) Salinadwsivamon fauauideves Krishna et al. (2024) fiadayn
foya lensaduddudliammndsdondn 1,200 nw Falumaanusavianluanmwindonassuusioauy
sheanugndesfiadosay 98 aguainnisnumuau Idefiieades: wuitdanediu YOLOVS Tnetanizsu Nano
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v o

(YOLOV8N) famimsnzaueesddlunisiunld dmsunsinduuazdudmuyana iesnniinnud Tuns
Uszananags [mswennsiies wasdiamuudugt wiluanminedenfifinsuads niuidedieldin gaisudnam
uysanmMsTiuuenUsanana Raspberry Pi uazisuigasdunsiisn ieaiisszuuaiuny ladesUsueinie
Saforilanunsaneuaussienginssuglian wuuSealy! feheRuiudesitshumsysevin ndamulusedu
a1Anslaegeliusyanian uenwlleanmsusaliuvuseavanmluseiudanasiudygUseivguas nsysannis
sruuasndunmdntuuesareufinnesauiadn (Single-Board Computer) 19U Raspberry Pi dwsurinming
Wumineuszuanatanemng (Edge Processing Unit) lasumnuaulasgrsunsvarsluauanitnenssussuy
muANsAluA osndieidadgmasviadutesdygyrunietisuazaruaidilunisdaninialen
az1Bungetuluszananauuaa1af (Cloud Latency) wastiiuadssnmlunisdestunnudemevesdoyadau
yamameluiiuiisy

4. ASAULUIANUIY (Conceptual Framework)
NMTIUUINTOULUIAANITANTINY A4 Figure 1.

INPUT E— PROCESS 4 OUTPUT e OUTCOME
| | | |
. ® Smart buildin:
® YOLO Algorithm * Reattime human ¢ Detectioniaccuracy ® |Improved occupant int ratizln "
& Cambia 9 detection ® Temperature & fan co:ﬂon P o Io:i S—
® Raspberry Pi ¢ Occupancy-based AC control efficlency ® Optimized energy usage management ¥
® |R Transmitter controllogic ® Energy consumption ® Adaptive AC operation ® Sustainable energy
reduction conservation

Figure 1. Conceptual Framework

mﬁé’]’ﬁlﬁzjqLﬁumiﬁwmixwmuquLﬂ%‘laa‘u%"ua'1ﬂWﬂé’w%sﬁmu'mmauauawiaﬁi"lmu;:ﬂ%’mumﬂu
Weswuusualng nedszyndldinalulagUayaiuseivg (A) S3uiuaunsal Intemet of Things (IoT) NTBUKLIAR
ns9eauansly Figure 1. wansaudunussenItvesalsznounan lawn Jaduiida (Input) nsguiIunis
(Process) Wadnsidamada (Output) Hadnsa1nN151E91Ua39 (Outcome) waznansznuluszAuszuu (Impact)
Tagszuvaziudeyanmanndesuazdszananasiedane3iiu YOLO tievinnsnsiadu uaztudwougldny
mntutihdeyadsnanlulilumstmuadeulumugunisvhausesaiesuivennia wusalulfi dewalianunso
mvaugungdldegrannzan aansldndsnu uaziuauauisvesildau feidsanusndesenlug
MINAUITEUUIA1T8IRTEY Uagsyuudanisnasnulueuian

5. 51U (Research Methodology)
n53deaseliiunsifoidmaastuaznisiaIE UL (Research and Development) Inefi fnguszasd
ilevaarnAgeURULULSEUUAUANIAT DsUFUB M AT aInsansedudugldnvlduvuiSealny Taed
Tunou 5 Tuneundniililunisidouasiaund Yssgndunain nsounsidouassimuiuuy ADDIE Model
(Branch, 2009) Faduuvusiaesnseenuuuidsszuuiilduniseensvosrsunsuaslunmsiangonduifuas
winnssualulad
5.1 A3l aunsal wazwandwa$ildlun15348 (Hardware and Software Components)
MsRLITEUURULUUYSENaUA e aRUsEnoundndl 815auad (Hardware). Uainuszaianavuaidn
(Raspberry Pi) ¥t fiiJuniisuszanananans, ndesimledivsudunmaeluvies, uazlugadads dysyin
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3unlssn (R Transmitter) dusudsddaluuaiosusuenia senduasuazdanasiiu (Software & Algorithm):
Tunan13m5993uTng YOLO (You Only Look Once) viwmtidinsiaduuazusiuauyana Tunwm wazaiw
Python dmdudeulusunsumugumavhauesssuulagUsznanansngiouly
5.2 muﬁa‘umiaanLL‘U‘ULLauwwu'ﬁuUU (System Development Process)
nsTuIumMsRasTULLUeenifutuneden il
5.1.1 N1999NKUUIZUU (System Design)
Nilassadunsvhauvesszudliinsiuteyanmainndes dudngnineUszinanaiiioiases Sy
oy uardsmadndludamilugadursusaiteniunuinissuiuenne
5.2.2 nsnadaunaziUSeuiisulauna (Model Evaluation and Selection)
nuAdeElfhnsmeeuLanUIsisuUsAvBnmesluinansiadu Tnglussena YOLO vuan Tdun
YOLOV8n, YOLOV10n tag YOLOvI2n Tasinlunalunaseulsyananadseuuuesn Raspberry Pi (Edge Device)
WieUssiupnuanansatunisiausuuisealndnelininensensausisnia
5.2.3 nsnaunazilslunaasszuu (Model Deployment)
1iluima YOLOV8N i1un1sdmdenlufing wazufuus sl aufunisieuuy Raspberry Pi Tng
deusefussuuiunmanndes wasduwiansiwesitelianusavhauldessdiuseansamluaninuindousse
5.2.4 mwimaail,l,asn'm%awiaqﬂnm‘i (Circuit Connection and System Integration)
ﬁﬂLﬁuﬂm%w{aﬂé’aaLLasIu@ja%qusmﬁﬁﬁuwa%mﬂu (GPIO) w83UD3A Raspberry Pi

KY-005 IR Blaster
(IR Transmitter)

IR Reciver 38KHz
(IR Recelver)

Figure 2. System Architecture and GPIO Configuration

5.2.5 JURBUNNTUUTANT Yy 1B UNT A

Mnstufinuazoenswadayain (R Signal Decoding) 91n3lunaeulnsarennIstsueinia duuuy
iielsiuesaannsndiassmsdsdyanudds 1wy maidn-Ue, msuiugamgll wazaus finauldnsafuszuy
YoaATBIUTUDINAAY
5.3 SunpUNMSIUMENYasEUY (System Workflow)

lesvuudiviay nfesagrhnstiufinamansludesuuuiFoalnl sndunmazgndsluss Raspberry Pi
iielwluma YOLOVS Uszunanauazafudufldanu deyadmiunuildzgninluiisuiiisuiunsing
mswadula (Decision Logic) 7idaly Tneszuutimstmuadevlunsinureasdesuiuenme (vusvnamndy) 15

donARDITUANIIVIUILLLYBIR TR
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~
o
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-l 1 - 2 aw: dalanseslueiniAwazasmg
-l 3 - 5 aw: dulansesuueiniAwazasmg
- wugldau 6 - 7 au: dalaaesUiuoInALaERIMNg

- wugldanu 8 - 9 Au: dulaaesUiuoIN kAR

q
o

ee Bee Bee
) ) ) )
=p. =S, S, =S
N D NN
2 U
o o
A N

[6N]
o
(@]

Y

- wugldanu 10 autuld: dlansesusuenmianaaigumgiin 22°C

- nsalldnugldan: mnssuuasildnudldnuiaderiuniud 40 seun13n5333 (1 50UNS ATV
Wiy 3 Juil) seuvavdsmndUaasesdsuanmialaesnludf iiedesiuniuianain (False Positive) wazan

O B~ WO N =

(o)}

mslindsnunlaisndu
mniinsidsunUasrnuuiiuveadldnuauianaeiinivun ssuvasinmsdedynin fdesinuluga
paLilolidl

a N

Sursusnlusaiudugurenaisssuenialaesnluia Lﬁaﬂ%’uqmmﬁiﬁmmsau VELRLIGE
Algau wleunssUnnanurvennissUsuanialilussuuiitedosiumsasdyanaddou
5.4 unauUNIURENTasIEUY (System Workflow)

dleszuuisuvihau ndesarinmstuiinnmansluiosuvudealng mnﬁumwaxgﬂdﬂﬂﬁn Raspberry Pi
iielilana YOLOVS Uszsnanauaziudnnuglinu deyadruuauildazgnihluisisuiisuiutouls (Logic)
figaly mndimsdsuwasanuuuiuresildnuauianasifitiun seuuasvhmsdsdyaa ddsinluga

a

dunsnInludaisudyauvenasosuiuanialaednlud@ (Daikin FBA Series, 1A383U5U01n A Ussinvisiodoay

i sudyanuBuns i) WeuSuguugilinuzauvseUnanses Weluiifldau
5.5 mi‘vmﬁa‘Uiz‘U‘ULLaSﬂ’liLﬁUﬂUﬂu"l’faga (System Testing and Data Collection)

12m
T T T [ T
| O
o 8m
O N
D E
57 U

High ceiling: 5.4m

a

Figure 3. (a) Strategic Camera Positioning for User Density Monitoring; (b) Captured Scene Showcasing
YOLOV8 Detection Accuracy During Daylight; and (c) Captured Scene Demonstrating System Robustness
During Nighttime
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AERTIE
pereperson 0,71

Figure 3. (a) Strategic Camera Positioning for User Density Monitoring; (b) Captured Scene Showcasing
YOLOv8 Detection Accuracy During Daylight; and (c) Captured Scene Demonstrating System Robustness
During Nighttime (Cont.)

Fuiiunisnaasiniely KosUfonnis 1uin 12 x 8 x 5.4 was (WA1uEs 5.4 1wWAs) Fednnsfad
\A3esUueINIAUsEIANsBYioas (Daikin FBA Series) Sauiusiasudyaiadumsisn LLazﬂﬁaqﬂuﬁnmanam&%
Tuyugsdanndaiuiiesfiovszansamlunmsasaduiinsouequasan ssuuldsunisiealivihyssaianauas
adaduiinnsvihuesszuu (System Logging) 1n 4 1 mmmmsaalm INNTTIVTINTBY AN IAdeUld
sen1stufinifsdu 791 119013 FeasoumquitsdianainaeTuifisninannuasssurifuasuacdou
(413 579M9) wartananasduiliuasainanvaealingluennns (378 s1ems)

5.6 N13AT1Eidaya (Data Analysis)
nyiesgiteyaldsUTunaldaiidmssauunlunmsussilivlssdninmvesszuunnaduyana lag
Fuanufatandn Tiun
1. mnuAaaLAdeuads (Mean Absolute Error: MAE)
2. mmmgﬂﬁama?immumaﬁmﬁﬂ (Weighted Accuracy)

Budaid Tandn wnunsléen mAP wie Precision/Recall Tusgdufinuaiisunin iilesanassngns
findulamunieiasiuaina (Control Decision Logic) lusniAdeil andidins “Srummasummonynraazaylusios
(Final Numeric Count)” tielfifunasllumsdemdalisuanuzveaaionivonimvindu ssuulilfideys
fifaumia (Bounding Box Coordinates) 1asyaaaluldlunisdnduladsnis fafu Ar MAE @sszyaay
parmAd oudusiuan “au” Taemss) uay Weighted Accuracy vosanTugmuas Sadudad Tnilasviouds
LaﬁaimwLLawiz?’m%ﬂww’l,umiiliwE'J’ﬂwé“ﬂmummszwﬁﬁmm%uﬁﬂumwﬁﬂ’&
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6. uan15398 (Results)

nefuLil oA sTUUnUAILAS 83T VB INALUURBUAUB I US Il s 1uddeillddniiunis
nodeukazUszdiulssansnmuasszuuTuannznisldinuads Inoulsnsinszvuasendy 4 drundniiels
aonndasiuinguizasinesuide tnedinanisidededl
6.1 namsi3euiiisudszansnmvaslunansraduinquuuasaUszaiana

aliunsnegeulasiUIe e uUseansnmnisuseulananagn1sssyIuILYARalusEAUMTIAINYRY
luwnalassvigUszamfisunsena YOLO vunalan (Nano) §1u3u 3 5u ldun YOLOV8N, YOLOV1ON uay
YOLOv12n lagn1s5ulseaianadasauuuasa Raspberry Pi d1uyadayainlonaaoudiuiu 3,575 wisy Woth
Tumadifiussansamgsgaunlfiduunuvdnlumsdnduladsnisssuumunuesessueinia sanisiSeuidiou
Useansnniansne Table 1.

Table 1. Performance Comparison of YOLO Models on Raspberry Pi
Model  Avg FPS Avg People Detected Max People Detected MAE (person)

(person) (person)
YOLOvV8n 3.90 5.55 10 3.198
YOLOv10n 4.13 5.83 9 3.021
YOLOv12n 3.46 5.87 10 3.319

NKANIINAaBILU Table 1. wu31 YOLOV10N ﬁm’mL%ﬂumiﬂizmawaLagaqnqmﬁ 4.13 FPS uazil
Anmaaaedeuads (MAE) lunsnsiaduil 3.02 au ninduiited dalumsasaduyanalumisuiifa
vuuge tnganansansadugldaulageaniios 9 au luvue?l YOLOVIZ2n usfawdlen MAE sgafl 2.74 Ay
wazduynnalszean 10 Ay uiinnasiniiandios 3.46 FPS Fso1aiinasiomsneuausuuuizeall
6.2 wanmsnagauUsEANEnWNMIsdy B unLsaitanIufuIATasUTuB A

IumuiﬁaﬁflﬁaﬁisLﬁummgﬂéfaqLLaxmmmL‘?ﬁ@ﬁ@‘luﬂﬁﬁwmmawa%mmuaumuamm?law%“ummﬂ
§9a3¢ (Prototype System) 11u3dilldsfiunisaensiadyaradunssalioglusuuuy RAW Code weq
Slumesulysaniesuuomaduuuy uasnagounsdsdaygynanlugadsdyaiadunsisa (R Transmitter
U KY-005) lUdair3udynaueund saliueniaussiandoviean (Daikin FBA Series) nelddaudsdu
svpzmaasiumbifiansunsindaeil

1. F1UTEELININTAFRYIN: INATNAFBUNUTN Ti5288rng 1 uag 2 wWas seuuiidasauduia
Tumsdeddsgefiedesas 100 willewiuszozvinadu 3 was Snsimuduseazanasviedosas 70 wasiisves
4 w3 lannsndsidsldduia Gevay 0)

2. fusumisuazunsdsdyaa (Maaeuiiszey 2 wng): maam’?ﬂyQaiuLEHQﬂdwﬁa%’Ué’zyfgwm
(3431 45 03e) uagldiFasudynos G 90 ssm) WsnsnudLSageaniosay 100 luvaiimsfiass wuusedu
Weniusiudyaa G 0 ssm) shlrisnsmnuduiaanas (Fevag 80 - 90) warvnd Asimuansunsdru Sasn
AudLSIzanasrdeliiusiosay 20

Nan1TVAdBUT LI sruvasadd g InLardIn1sA3 aslsueIna (Wu nsida-In, n1sUsu
gaumd, anusaina) legngnieduaruiugndesay 100 o seovvieimnzadlaiiy 2 wes wavsududes

9 Y
v
a o

Anddunndinsmiouudldisudyaaveuaiassuanialaglifidafinns (Line of Sight)

6.3 nanimagauANUting lunsiuIugldnulurismasaudie
udseilldvhnsmegeusruuaTaduLazus ALt eTima YOLOVEN uugn$awas Raspberry Pi

Tuaninuandeun159hauase s wesufofnisvun 12 x 8 wes lasiiususaiuiin Log Aanssuiiavin 791
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$18M13 \ieUsziliuaugndeaniudiahmnin (Weighted Accuracy) wagAauaainindeuauysaiiade (MAE)
nelasulsanmiasnainaie danaaslu Table 2.

Table 2. Detection Performance Comparison Across Daytime and Nighttime Conditions

Testing Period Recorded Events MAE Weighted Accuracy
Daytime 413 0.51 91.62%
Nighttime 378 0.37 92.86%
Overall 791 0.44 92.21%

wanismageulu Table 1. way Table 2. fuduinszuuaIUANAIUANT Waiund ud Anumuniugs
(Robustness) oanmuasiiuysUsIu Insamsiuanunsndnvianugndesaisiminlunstiuauldgededos
Az 92.21% frAunatnAdeusIRABsLTEs 0.44 AU dauAsi annsiinnfidudeu ssantiaiainais
fuiiiitadoiFosuassssumuazuasdouiidamalidn MAE e udndesidu 051 Au UszAnsnwniuaaia
muwinlunmsIuieaestana seuulienuudugig nifesas 96-97 Wedifldmuluiuiides (1-4 aw)
ogalsid Woswugldauluondindugatus 6 autuly Samenugniesiiuualivanamiudiduasneg
Tutns¥enas 77.82% - 89.71% lasfirnmuaaiaiadeu MAE indugsgaidu 2.4 A Tuwazifiaulday
MLULEe 11 AL 9INMInsadeunninsadednvesdeya nuitaunavdnvesdediiniiinan nsiiuunts
fulesnanenInvesyaAna (Person-to-Person Occlusion) kazdind1inannyuueswesndesiidiinaci lals
ﬁzymé’mazé’fummvﬁ'mmLLmn'lstLuﬁuﬁLwiaahasLm
6.4 naNINAFBUNIATUANIATIUSUBINM ALz ABULAsgaImginngTuvias

Detected [ Person [l Temperature [l Real Temperature
40

10

Figure 4. Comparative Analysis of Setpoint Temperature vs. Ambient Room Temperature during Nighttime
Operations

HansVagukandliiuIlugIIa1 19.00 - 22.00 W. STUUENNTAIUANIATEIUSUBINAR Uy
durlsnsalaaenndeaiudmuiugldauiasassneinvunsgudug Tnawdlansianudldeu 1-2 Ay ssuue
Usugamgiiidmuneidu 27 ssrwadea inligamgiviesanain 30 esmwa@eauieglunaeiiiauieeien

AU 25-27 sarwaidea uazlunsatlinugldem (0 aw) fadeiufiy 12 seudssaiana (36 i) szuvay
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a =

dedyayruUainieauuennia (Power Off) Ingdnlud@viuil iioanndeugaiuailuan1ieiasing 310013

L Ad7]
= v

Wiguiiugiudeya Log M159v1191U334538 323 W17 Y0952 UUAIUANSIRTEE ImINTIY fuszuuUTuaInAkuY

o« U
a

marngamgiaalivialy ssuuiidiausansadilaniosuiuoniadalud@luraslififldnuldavanduna 53

Y
a

w7 vseRadusesay 16.41% voanavientn ¥ieannnsen1svinau (Duty Cycle) Jpdmasinsaisaslnaeiadl

HedAgylaisuiuszuumlundauesnoiiios

7. @3Unan13398 (Conclusion)

153981 oA ILALNAABUA UL UUTEUUAIUANIAS 89U UDINIALUUADUALDIA DANUMUIULLTBY
Aldaunieluies Ingldinalulagnisnsinduuaramedanaifia YOLOVS saufuuesausyaiana Raspberry Pi
anusnasUranIsnaadarnIviuvessuuld 3 Usswuman fadl

1. szuumuANdInsevansadasginuuwivtesd ldnuuuuisealnilidueg1ed Tnenanis
Wisudsudliduinluea YOLOVEN fienumingandsdimnssunniigadmiunisiadauuuesntszaana
uaiin Inedausilunisnsiadu 3.90 FPS

2. mu?%’aﬁmmmﬂizﬂauLLazﬁmé’lﬁzuummuﬁumwuua%m Raspberry Pi saufiundeuazluna
dadygreudunstsn (R Transmitter) ladnt59 ImamamsmaamﬁﬁqﬁmmmmmuLﬂ'%law%’ummﬂmq
menmildnsanudiiagedsiesas 100 u savinailifidaiavndaiiu 2 wes

3. anmsifvdoyatiudin Log msvihauaisluviosufjifinsdaniozseiies 5 Yurinnis (sau 791
$18M3) wusruuasduyaeadaumumMuiesiaugndeuadedisiinin (Weighted Accuracy) gdis
Youay 92.21% uasiiimnunanindouauysalinds (MAE) sifins 0.44 au Tnsannsnamnansfuiifiuasnsi
Nnnaenlfinnugniesgeiian (Fesas 92.86%)

4. spuuitiannduannsamuepsriugungiivedfegluanmynauioiaded 25-27 ssrigadodld
munssngifvun wazilefiansangrudoya Log 931 323 wil nudszuvaansaliaiasesuiuemadnlusialy
anneiesinldazands 53 uni Andudnsnisannatieuilisndu (Duty Cycle) asdovay 16.41%
wazdnwgumniidhvaneiaded 2542 ssmwaiua (@anhssuudamesiiviily 1.42 ssieaidoa)

agUnmsumside: fuuuuszuumuauedesvenmuUTIagldeuiivaundu aunseviauld
vssamuTngUszase lnethoinwannzearuanisveslinulunientunisannsiuddes waseuludig
lidnduldegradugussan nansifetuandiifiudsdnenmusanaluladlunisiily vszgndldiduszuy
AIUANNSIUBIRTEY (Smart Energy Control System) uagseuUeIA1589938E (Smart Building) Tuswian

8. aAUswwNan133de (Discussion)

NnMsAITeeRaLIszUUMUANAT BeUi U MAn LTIl duTinsavaeusie Al TngUsegndld
Sana37iu YOLOVS $auffuuesn Raspberry Pi @nansatnamsiseuneivseldsi

1. UszAnSarnuazanununiuresluina YOLOVEN Tuan1izuind ouase: Nan1siqeny 3153Uu

11130 n3duuasuduuldeuldosaulugmaaniaiu Tasfrenugnienadesiugiisiesay 92.21 uas
A1 MAE 9231189 0.44 Ay miﬁwamﬁ%’mmmﬂﬁ,ﬁum’mLszu&TﬂuisﬁuqqﬁgﬂuamwLLaqaiiumﬁ (nanaiu)
wazuasaInvaenlil (nansiy) azviouliifiufaniiununiu (Robustness) vadlaaa YOLOVSN fignesniuusi
Tiszananalsmnifuazsiugusivugunsaiiiiimineinssrined1s Raspberry Pi ogslsfinna LL@Jﬁﬂ’]WLLﬁﬁﬁ]“’
ludswansznvegsitdodiney unsy UummmemmmmﬂLuammumLLuuéuaqumemeu (Faust 6 ATy
1) szmﬂaimﬂ@{]iymmiumuaﬂuLEN (Occlusion) Usziiufiaenndesiunuideves Chen et al. (2025) wav
Jayaram et al. (2024) fiszydimsnsatfuyaealufiufivuiwiuinUszauiymnisuats egrmandoslals
Fadudesriandnmadmnssurenfiumesinnnitadoduaruduvesuas
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2. MmuANsRluiRuazanIvANNaUIY STuLaINnsnwIsEAUanniiviownssieglunael 25 - 27
ssrnwadea sudussivenmgliaenndestunguianzanuauiedsniudou (Thermal Comfort) vassog
orluungiionniadoutiummnuiduves Rangsiraksa (2006) waw Intharachathorn et al. (2023) fissyinungud
annsodanuienslanasidnavionisgungdldlugadndnlaghisiiudestgungiailii 24 sam
wadeanaanian msldsruuaugudaludfiunalatioundy (Feedback Control) H3wmaulavevsduaan
AuIBLAzatUAYULWIANTEUUAUANSA LU ARRaIMNTIH

3. funsoydndndsnulueinsdanieymslaeisslfuemasaluddleviosineaniainis
yhauitlisnduasléviuiisosas 16.41% Usgneusunisusuingumaiitvnoindstunogil 2542 e
walded donnsoteglitudAniuderinuanITa LS NENEINUYBINTUNA NG IUNARTILLAL DY N ENG 1Y
(Department of Alternative Energy Development and Energy Efficiency, 2017) ‘1/13WU’J’m’1§1JiULW1JE]m‘VImJ
maqmiawsummmum 9 1 psANgalgod 9z mmmﬂiuuamwawmiﬂﬁﬂﬂmiaﬂau 6-10 muuiu‘uv‘w
Yauedudunuimsildauldasslunsussgndldygussiviuas oT ilesnsefueinissaaios (Smart
Building) wagn1slindanuetefiuseansnm (Energy Efficiency) aensufiuuunAnnisinnsndsnuesiadsby
lugatagiu (Massey, 2025)

9. YaiauauuzauIde (Recommendation)

Mnuanitouardeditaiiny swidsiliteiauenusduiunisimansideluldvssleviuagnsiam
sovenluanAdoadadely deil
9.1 Fauauuglumsimanisivelulduszlovd

1. nsfindsuasUSunuLedu0endes: duuasariuLmIveindesinalaensenonny wiugivas
mans1adu Fedulumsiluldaues msfinsufusuoundewdousuu sumisnisindandedlizas
furuAkazaNLINdoNYRIRY LileanLusuLazifinAN AseungslunsnTeduyeransluviedliiugiian

2. M3ysNsTmiuszuUeIAssIaiey: aunsnthsruuUssinanauarmuauiiiau Juludeson
Wi aldaus i uszuus AN 1swa 19 Iue991A15 (Building Enerey Management System: BEMS) @ 992478
WssdvBamlunsuimsdansuazUszudandsnulusefueimsviessiuesdng degraugussau
9.2 faiausuuzlunsiniideassialy

1. maimndane3iuAnmuyana (Object Tracking): 1u3delusuanmisindaneifiudmiu msianiu
yanauUszgnAlddamiy YOLOVS Liletasantlamnisiudiuauaudi viensnsadumnvau lunsdiglde
Wuuadeiu Seasvhliinistusnuianuieiionnnddu

2. MsUszgndldimaluladdumesidnuasasswds (oT): mswamnliszuvanmnsadouse fuiadete
Intermnet of Things (IoT) 1 8Y818TAAILANN TN A UATTUUAINNTIATIVABUAAIUY 115U ATUAN
\n3esuuoma wasifiutoyaaifnisldnuriueietnedumesidnuuuguinasls

3. nsveeiuiinageuluaninuiadeuiinainuas: 1 esnnauidedsdunsnaaeuly W ui
Howmnaoufiswiondsr muiteaselufsasihszuulunaaeuluanmiadensds Afanududeunniy
Wy WouFou HesUsvau wienuiidninau iieussifiunazyiuugsszansain vosszuulindousosiy
anumsainsldauatdlunnsuuuuirdniififiefuiseazidon]

10. msUawenslilyayUsehugiBeaineassd (Declaration of Generative Al)

mATeivedamenisldiad ealletgyiuseiugadeassd (Generative A) Tunszuiunisdniy
iTeatuil Inedinnsldiaiesiie GitHub Copilot iitpatuayuludumeunindeunasiaungadds (Source
Code) fen191 Python
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Abstract

This research aimed to develop a model for promoting media literacy skills among the elderly
through family participation in Sang Tho Subdistrict, Khueang Nai District, Ubon Ratchathani Province. The
study was conducted in three phases: (1) studying the current conditions, problems, and needs; (2)
developing a model and operational manual; and (3) examining the effects of implementing the model
through participatory learning processes. The research instruments included an interview form, a test, a
skill assessment form, a learning record form, and a satisfaction questionnaire. Data were analyzed using
content analysis and basic statistics, namely mean, standard deviation, and paired t-test. The results
revealed that (1) the elderly tended to use online media for extended periods and lacked skills in verifying
information, indicating a strong need for developing media literacy skills with family support; (2) the
developed model comprised six components and a seven-step learning process (SONGSOT Model), which
experts evaluated as highly appropriate; and (3) after participating in the program, participants’ post-test
scores were significantly higher than their pre-test scores at the .05 level. Overall, the achievement of
media literacy skills reached 79.46%, and all four skill dimensions met the evaluation criteria of 70% or
higher. Participants reported a high level of satisfaction, with the highest ratings in support systems and
learning activities that promoted deep, accurate, insightful, and critical understanding. The findings
demonstrate that the developed model effectively enhanced media literacy skills among the elderly
through active family participation.

Keywords: Media Literacy, Aging Society, Family Participation
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Figure 1. Conceptual Framework
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vasAmilAuaenades (I00) Nud g TenIne 0.80-1.00 uazdaAiadumanzaulagsiuey luszauln
firnade 4.14 drudoauumnasg 0.71

[7 of 16]



‘ ‘J-rSSN 2985-1580 (Print)

May-August 2026, 4(2), e4130 Journal of Computer and Creative Technology [-—
J =L 1SSN 2985-1599 (Online)

DOI: 10.65205/jcct.2026.4130 NsasmeNiIwmesuavwaluladaseassa

(Research Article)

3. maneaeslduinngsy (Try Out) sULUUNMsdLAR LNy Mssviviuded miudeugsielagldmsd
drusesadnlunsounds Ussneumssniiiunis 3 Sumeu laun
3.1 NINAABILUUNGNERs (Inginsunuii) Insn1smnassdnAanssufunguenaadaslufiui
suaasiane lngglinTiunaudi ﬁa Lﬁuﬁumumﬂﬂwmu oaw. §ge¥e fhyuvuiifinnuaule anuannsa
ﬁu%mmﬂmmaﬂﬂmL%ﬂiuiaa doans S1uau 15 Au Lite maaﬂmﬂiaquauauwmmiiﬂw,mavima
3.2 N1INAABINIAAUIY (A519AUFULUY) IﬂEJﬂ’]iﬁ]ﬂﬂﬁ]ﬂii‘uﬂ‘uﬂQN@JQQ’JEJLLaU‘LlﬂLiﬂuq&]i‘wa’]u
audrlunseunss wieuiaunuthenanasins s 40 au uadldlusunsuinszinunimaiesdefldluns
738 (Research Tools Analysis Program : RTAP) il
1) wuunpaeuradugnanensiSeu iWuwuunedeuUsde 4 fuden S1uau 20 do fiadraiu
WU AA1ANNEINBETENING 0.35-0.57 HiANg1u1adunsening 0.42-0.67 waziiemmideduiatuwiiu 0.87
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2. thidouiififunasesieaulunseuniniufgels uiiduaaiiede sunededlu Swinguasesd
$1uau 612 ey dungusnegisiiluymsauesigeielude 1 fauladhsin 1w 69 au
5.4 nsifiuTiusaadeya
nsifususwdeyasemsdineusudsufoinig msmduiiaay uazmsassieuna t3esledldlunns
Ausiuradeya 16un 1) uwunaaeunadugvdmamsiiou 2) wwudssiliuinuensfiiviude Ussiliunionds
msvhATnsTuuaads 3) uuuaeunuanufiswelasomsliguiuy
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1. wamiﬂszLﬁummmmzamaqgmt,wLLazmami‘UisLﬁummﬁawah LLﬂawaéfﬁﬁ (Srisa-ard, 2013)
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TransAnwinail

anmilgm Hasorgimginssunislddesoulatifuiaiui dwasequain @osienisganasnads
soulall

vium finsdeondniusion ownaady warduifiieidoatuiaiineudusgindumy
wavszuueaulail Wunseunsilvg egludinuvuun inwasns

AIINADINIT $38n1smsradeuLiuled inavasy faudesnisitmundeiiietiausiidevdiuguam
waFimenuduegmuuiunviesiu msneldiasy Wy Content Creator fAmAIAnTad
ynsvauviseasndntuaseuafiavigliiianisiseusle

6.2 Han1sAILNFULUUNSF R uinYEnsiwinudedmiudsaugede Tneldnsdidiusauvesaundnly
asounda luilufidwasaiiede suneidedly Sminguasvsni

HANTTHAILN a@ﬁﬁ

31JLLUUmia'm,a%uﬁﬂwﬂ’]i%’winﬁu%"aﬁm%’ué’mmqi’a lngldnsidusiuvesanndnlunseunsa &

6 eerivsznou lud ninn1svesgluuy Tnqusvasd o AanTsuniaieuy n1sfauazUsviilune uway svuu
au‘uauu Iﬂﬁlﬂ%ﬂﬁiuﬂ’lﬂﬁ&liﬁ a7 mumau %30 SONGSOT model mu °Uu‘v1 1 Sltuatlon analy5|s ’;Lﬂi’lmmmm
‘mm 2 Observe & Questlon aﬂLﬂmLLaummmu °U‘u‘1/1 3 Nawgate media AARALYIU 6U“LJ‘1/] 4 Generate content
amaiimuam ‘iJu‘Vl 5 Share & Discuss U WU UlY 4 ‘U‘uw 6 Open mind LUWIR]LiEmg W ‘U'm/l 7 Transformer
Fuhmswasuudas sugduuumsdaaiuinuenissviiudedmiudsange s Taeldnsildiusiuvesaundnlu
aseuniiinanm Tnefinamsussifiunnumsnzanangidornglassin sglussiuun
6.3 nansAnwmavaIn1sidULuUNMsFLEIinuzsfwiniudedmiudinugele Tagldnisiidrusuves
andnluaseunds luiluiivuasdude sunaideslu Sminguasivsni
6.3.1 wamailSsuifisunadugrsnisnisGeunaunazudenisldsuuuuiivantu

HAN13I9Y 619 Table 1.

Table 1. To Compare Students’ Learning Achievement Before and After the Implementation of the Model

Effect
Mean S.D. D t Cohen’s d .
Magnitude
Pretest 7.33 3.16
5.74 34.44°7%% 1.959 Very Large
Posttest 13.07 4.23

**Significant at the .01 level

910 Table 1. wuih fiinsuRansaudasuuunadugniniinisFeus mnazuuiu 20 AsuuL wuin o
SounzuuuLRdY 7.33 ﬁauﬁmwummgm 3.16 Mda3vUAZLULAAY 13.07 E‘hwﬁmwummgm 4.23 Wy
AZUUUVAAUSBUAINIINBUTEY agnaflifudAyn1eadifisedu 01 uazvundniwa (Effect Size) i Cohen’s d
Wiy 1.959
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6.3.2 nansAnevinesnsiuiniudedmiudsaugelevdinsldsuuuuiinaundu
NaN15338 #4 Table 2.

Table 2. Results of Developing Media Literacy Skills for an Aging Society through Family Participation

Iltem Mean S.D. Percentage Result

Dimension 1: Access media and information, 413 0.73 82.58 Pass

and use digital technology safely

Dimension 2: Analyze, critique, and evaluate 3.95 0.71 79.08 Pass
media, information, and digital technology

Dimension 3: Create media content and 4.01 0.66 80.26 Pass
information

Dimension 4: Apply knowledge and foster 3.81 0.68 76.17 Pass

transformation
Overall Summary 3.97 0.71 79.46 Pass

970 Table 2. wu31 didsmRanssuiivinven1ssiviniudelaesiurunasindmue Weiarsaluse
AU 11U Gidrsamfnssuiinanisussiiuiunaeifesay 70 Yuld vndiu
= Y Y a Ao 1 R 3
6.3.3 nan1sAnwanuianalavasidisuianssunddensldguuuuniaundy
NaN15398 79 Table 3.

Table 3. Results of Satisfaction Evaluation on the Use of the Media Literacy Promotion Model for an

Aging Society through Family Participation

ltem Mean SD Interpretation

Principle 4.07 0.73 High
Objective 4.09 0.62 High
Content and Learning Activity 4.18 0.71 High
Assessment and Evaluation 4.11 0.74 High
Support System 4.32 0.66 High
Outcomes 4.12 0.73 High

Overall 4.14 0.71 High

310 Table 3. wu31 idrsuianssudanuiianeladenisidzuuuunisduasurinvenisiviniudedmsu
derngede Tnglduuulidisimvesaundnlunseunss lngsimegluseivunn

7. @3Unan13338 (Conclusion)

1. amsAnwanimdagm viun anudesng Afeadesiudaaiuinuennsfviviuded miudnugeds
Tngldnnsiidusuvesaninlunsoua luitufisuaatiede suneidodlu Sminguasivsti wuin fgeensd
ngAnssunislddessulatifunaiu dewenisgnvaanaiesulad fin1sdsd ondadueion 01misiasy
\Wunsouatalvg) egludimumuun tnwasns 3Bnsmsivaeuivled madasu fanudesmsimunderiieviaus
lovndnuguam wasTInanudusgnuniuniosiu mseldiaiu 1By Content Creator finnumanisinyns
wauvseaindntuaseuaiazigliAnnsieusle
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8. afius1enan133de (Discussion)
meidensall nuvssiuiiaulainisnedune il
1. MnsanansAnuan i usun anudednts ARerdestuduaiuinuemsiiviudedmsy
fapngete Tneldnsiidaudiuvesanndnluaseunta luftufidhuaatiede snnoidedu fminguasvsid wui
aoginginssunislidessuladidunaiiu ideswionisgnuasnaiesulat fmsdsdondnsiusion omms

]

e

w3y WWunseunilug egludsaumuun tnwnsns FBnmsmsreaeurivled mavasy danudesmswamundesiie
diauademduguam wasdinanuduegaiuuiundieadu mssldiasu (du Content Creator fA27m
manfrhypsauioaundnluaseuninsieliiansSeusls uanslmiiui deugeleluituisuaaie
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dmiudgeds Taslamzegudsnsaiidenalunisidiusmvesnuluasounid iuuuimsiiazaeliiges
Bousldiiuened sheiliilesann nisfvinviudie unmsFeuslunslide dnladefunummdhil egndls wasdos
Halunisairenmdnual Ifegnsls ethlugnsanludiinsey uazannsodomsludeaiiaassdld (Child
and Youth Media Institute, n.d.b.) aeafuifunginssumslidedimmeoulailufgeongfiuuliuiugeduilan
Tnstymueadgeengusnannsldgunsaluds mssuteyarnasmsdedinussulatl vaudedoyaiia gn
vaona viasdetoyaiidwmaidosiorgeogld (Assawatinna & Poonpol, 2023: 586-598) Sntaduiusninily
AseUATILarNgAnssunslddeRTviache yaiinrmduiusiu dedgeengiiduiusamaelunseuniaf 1 1
aruvislevidonaneuiesuilslsiuuasfu axdmaongAnssumsldfoniviade Tnefnuiderisdai fasey
msuFeuinslidelndiulndeaiiioonaulnddadieaiuaisduiusnmluaseunirl#ifidu (Siicharoen,
2015) uazUsudsunginssumsuslaalsiatuls (Srugsom, 2008)

2. namsagULUUNsANES LTSy iudedmiudsaugslt Tneldnsiidiusmmesaundnly
asouada luluiiduaadiede sunadedly Sminguasesid wui sULuUARAUT uUsEnaudae 6
osdUsEnou Tdun wdnnns Saqusvasd omuazAanssunisioud matauasUsadune svuuatuayy uas
Hadns uaznszUILUNIIGeuS 7 duneu (SONGSOT Model) Usenaudae dufl 1 Situation Analysis Jiasnzvisnivg
$ufl 2 Observe & Question dunALazAeaL Tuit 3 Navigate Media AARLLYINTIU Uil 4 Generate Content
a¥assdiilom $ufl 5 Share & Discuss tmU3uld $uil 6 Open Mind 1elai3eus uag uil 7 Transformer
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Firnsiasundas dsinunsussifiunndiBemaindanumnzaulussduainn wandiiiudi suuuudd
UsyAvsam annseiluliiauvinsemsiviiudold ssiidesnnaadeildiannsuuuumudduduneu §
nsfinwduat sgalussuu fimaveaey nsadeuuay Ussiliuseguuuuiiadiduluaninads udadiduns
Uudssaulduaifnunm Fadulumumdnnmsinungiuuunindoud (khamanee, 2007) uonaniissaensufiy
wAaNITaMSsuduuuidiusiu delesdusznaudidn 4 Usznis Ae 1) Ussaunisal (Experience) 1y
TupeuiiaounsedulieumihsraunsalifuesmuesninldlumsSeusasitsdulsraumanivesmuiuiitou q
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ﬁmuﬁmﬁuauyifﬁﬂummﬁmawaﬂ a4) mimamﬁaﬂizqﬂmmﬁm (Experiment or Application) L?Ju%y’umau
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§i3oue4 (Rangabtook, 2001) faiutdunuves Tayati et al. (2017) finuinguuuuyszneusme 3 ssduszney
1) M33utaya (Information Receiving) 2) M3sugadn (Stop Thinking) 3) MIUJUR (Acting) Lﬁ@ﬂ%“qu@ﬂiim
Tmivesigeenglunslimaluladansaumeanaznisdoanssa 4

3. navesnsliguuuumsaaasuvinugmsiviniudedmiudsaugsiolnemsdnnszuiunsGouiild
wuufidusuvesaninluaseuath Tulufiduaadste sunawdedlu Swiaguasesd Usingdedl
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1liey
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e MW,
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Abstract

This research aimed to study and analyze loop problems in Layer 2 switching networks and their
impacts on system performance, to develop a machine learning model using a Time-Lagged
Backpropagation Neural Network to identify the locations of network loop problems, and to evaluate and
compare the performance of the developed model based on defined metrics. The research methodology
consisted of eight main steps: 1) network simulation, 2) loop problem simulation, 3) traffic data collection,
4) data preparation and cleaning, 5) training and testing data splitting, 6) model development using various
algorithms, 7) parameter tuning, and 8) model performance evaluation using a confusion matrix in
conjunction with statistical metrics. The results indicated all five developed models successfully identified
the locations of loop occurrences. Among these, the Time-Lagged Backpropagation Neural Network
delivered the best performance, achieving an Accuracy of 91.46%, Precision of 95.27%, Recall of 91.46%,
an Fl-score of 93.11%, and an Area Under the Curve (AUC) of 0.986. These findings demonstrated that
the proposed model possessed high efficiency in accurately detecting and locating network loop
problems.

Keywords: Loop Problems in Layer 2 Switching Networks, Machine Learning Model, Time-Lagged

Backpropagation Neural Network
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1. uni (Introduction)

Hagtiuiimsiieiedisneufinned uuszyndlilussdnsetrsunsnaneidesnindaglinisuaniden
Foyaszminaniesaenfiunefiiululfesniiussansnm demalviinietne fansvenefiogesng ogslsh
ay ndaaadatestuluaietien dondsmansenusenisiniunu egrmanidedldld TnsameYaymnas
{ingu (Network Loop) @sadnsmuddoureadundlumsasdoyaludmneiarusnuaniasa (MAC Address)
meluedetnes UnnadeyaiiisduniguilasielfiAnnnemnguseanast (Broadcast Storm) auaTetien
aunsaliuinisle LLmﬂﬂamlﬂaﬁﬂimmmmawai 2 (Layer 2 Switch) Usztnnu3nsdnnasia ( (Managed
Switch) dluaTorren axiinalndestuilymiininsnaea STP (Spanning Tree Protocol) iiedaiunisau
ﬁvwawauuaua’mmu (Institute of Electrical and Electronics Engineers, 2004) mﬂumﬂﬂgum NNTeINAIU
suUszginaiosngunsaiussandinaiisnngs Ussnaufumnusisinisitousie rewfinmediingiasetie i
Sruudindu Feindnnigunsaiaindiawes 2 Usanitldarunsauimsdnmsld (Unmanaged Switch) dslsl
sossulnslnaon STP wldlunisveneiadoten Wiy dwalideifadamguiu a gunsainduiidumeli
Uumsasasvestoyasiuaummmaszyuioy wazunsnszagluiviaaietnen ogslifianisdsdama
nszvuliuszdvBammsihauveaaietne s lunmsmanasuazngaus inadudign

maulatiymnsiaguilintunelueietnes sulussdudusrassduiiossysumimesgunsnii
AnanuAaunianiudsiniunisdanss uasudladgmiidumg sgslsfinig nssuiunmsnseasuiiiossy
funiaananitutagiudinditednin LLasqﬂasiﬂﬁwﬁzgl,ﬁmmﬂé}’aqmﬁ’aqﬂmﬂiﬁﬁﬁﬂwmmLs?fmmiy%’jugﬂ
naonaudeldsrasnatdoudrauulunsasindum Bdduaietiefidawalvguasdudou wiednsnauna
gUnsaifivannvanemansradnnamenn uasmslieneinsanamesdeyabwiamenduinuntu duwa
Tisvornalunsfuszuvemuuiunulide Homminsinumvioiineluladivieliesed wasweinsal
fuvismsindgymaulussuuieietie Ssteiduimeddlunsfinussansam uazananudemelsiun
DIANT

Tunisasiaasudwnusnisiiatgniluiaiovie< 491U Detection of Broadcast Storms in Local
Area Networks (Pesovi¢ et al., 2024) T uuan1ansa9duusingn1sal Broadcast Storms luia3avneviosdiu
(LAN) Tneszyoonunidumneiay MAC Address fiAntlamn fogafilddmsunistouwdiléan 1) MAC Address
yaaluuadums 2) S1uruuinLin (TX Packets) Aiusiazlnundseanly uaz 3) USunadoyalumizelud (Tx
Bytes) 7iusiasIvundsonny Wmiﬁauimaam%mw Agglomerative Hierarchical Clustering lun153nnay
Yoyaund uazdeyaiiiaund densszysiunsnnuiaundluinieriedaliannsassyfaiumimesnves
gunsaifAntamle

uidvatuil Iddnauenisussgnalfinaianisuiveand 89 (Machine Leaming) Inyands
do1UnenssulaseUigUssavmiiisunuuLns nsg18douna urilnniuaaian (Time-Lagged Backpropagation
Neural Network: TLBPNN) iiteudludgyvnnisiinguluseiunesnidousie Lmeqmﬂmwﬁiiwuamwﬂum
UgummmumwmmLLaivwmsam&J LummﬂmaamsvavLuaﬂumsﬂﬂuﬁvw (Recovery Time) uagifiaiia
Tunwasadeliuszuuiaietsvesesdnsiififediinusuuszaa

uenanil nuiTedsldvhninuisufisulssansnmnisiunetuuusaesdn 4 sUuuu T dulsd
findula (Decision Tree: DT) ludwiug (Naive Bayes: NB) dunosniininasuuasdu (Support Vector Machine:
SVM) wazlasstreussamifisunuutdeulydaninnazuninszanedeunau (Feedforward Backpropagation
Neural Network: FFBPNN) 136 n1sUsTidulsednsa1mveskuudnaedgnIAsieinIuuns nd Auduay
(Confusion Matrix) Inefiansaun91nd1d YaLdeadd Usenaudae Araugnies (Accuracy) ArA1susiug
(Precision) AATuATEUARY (Recall) AuseAnEnnlngsia (F1-Score) uageniiuilliidulda ROC (AUC)
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2. IngUszasAIuITe (Research Objectives)

1. Wlofnwazlinnzsivsngnisalvesmaiindymauluiievisaeufinmes ievanuidlads
sUluy wazkansynUTAntuieUsyAvinmvouaietnoufames

2. W oWwauuvudiassieuveund ssdmiuldlunisssysiunisnisiAntdymaulunsede
AOLNILADT

3. ileUssfiuuasIsuifisusyAvs nmwowuushas sy

3. NUMIUITTUNTTULANUIAITas (Literature Review)

3.1 Ugymuazdeanaalusetnenauiomes

i3eteneufinneidoilulassairei uguiidanuddydonstundouaisaumaluesdng udnis
we1eivesyuLiifinwalnguazsiiunnududeou dmalinsdndunusnvisyansamuarnstesiunis
weAvzinveIN1sUIMS (Service Downtime) nanaiduuszwuinmeddglunisudmsdansmelulagdansaumea
MnnsUsznamssunssiiietes aunsoduundeunnissuarguassefiinduluszuuinietseaniiu 3
Usziniuman tawn Jaymsudsednsammsaniuau Jywidadasainaadaenssy nisfmvueeigunsal
\3etne warlymiusoanamanuiunsasndemalowes

1. founmdasitugruiidmansenuseiaiivinmaessruueietnelasnsuinfoudesiuaudounas
Fruaussnug (Performance Degradation) Ssanunsausuiuuazasratasudeddiananiwuins (Quality of
Service: QoS) fidday lauA AMUMIAAIAT (Latency) AR NAILYEIANIMYIIAT (itter) 9RIINTPYNY
yosufiniindaya (Packet Loss) A1mninsvestomnanisdeans (Bandwidth Capacity) AaonauuIuanisly
nnensmieUsznananaisuesgUnsaiingetne (CPU Utilization) Fsiidaimandaenndesiunginssuai
Aaunfvesszuuluan1izings

2. anuunnssadalassairdluanidnenssunsediednadimansenuiunse lnsanizdaymigulu
seAulaLLed 2 Fanuideues Pesovie et al. (2024) Thifiudnnannsfidumaieusdeddoulngusman
nalnAuay i‘]m‘méi’qﬂa'nﬁﬂw'immiumaLﬁaﬁmiﬁ'}aﬂﬂm‘la?m%ﬁlﬂawmmu’%mﬁmmﬂﬁ (Unmanaged
Switch) Bslaisasiulnslnaoa STP wsovnfievssinieris Weaiansidousorut igunsailarsymavani
U93111nves Ethernet Frame wiumalnmnmmwwmm (TTL) a“aamaﬂ,mamaaﬂmaumua”m aﬂﬂavlﬂna
wisetevanegauanlild auananudumeusenanas (Broadcast Storms) an1zisilfesna MAC Address
PIALET BTwarA LA D mSneInsnsUszIanaIual et waNaa e aszuU stlestufsdesendunis
fuunailnslnaoa 1y STP, RSTP u3e MSTP uugUnsaiudn eugfunsatadunansenuaingunsaiilad
SEUUTANITA28N158 A7 BPDU Guard, Loopback Detection (LBD) Wag Storm Control 7ines avatenig
uenanil mavszgnililannalassneysyamifion (Neural Networks) liuntasiinsigiuagssysumiamalin
3U (Loop Localization) §adunisensefunisuidamidsgniivasdriniennuidemeuazanszoziiainis
nyavzinvaunIeYIlioguiug)

3. uonmiloandeunnssamanadaudd wistiem Tulagiudwndudmunevesisanaiumsly
wesfidanududoufindustareiios Wy nislaufiiioufiasnisliuinng (Denial of Service: DoS waz
Distributed DoS: DDoS) FadumsasladsUimnadoyavezdnummema ieduindeuliiinnngnineinsvie
aunidememsdoasvessruuidhmnenunduly auliansaliuinsungldmudnald venaind s
AnAxlusuuududeaseunquils n1saunuwesn (Port Scans) Ll od1529mYeslnivasa3etny n1sguLen
saru (Brute Force Attacks) nsldiaufiftedhauaugunsaiasdndaiuedoteueniin (Botnet Attacks)
mslaufitedlwiuuiuneundiadi (Web-based Attacks) i msunsnléasdeuvantasy (SQL Injection) wax
nsunsnduingssuuiitelasnssudoyaddy (nfiltration and Heartbleed)
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Mnmsianeideyanssunsadiaiy Fiduihmsysanmaanudifeatudeit naussous Wy Sas
nsldnsnensviieyssanananalavetgunsal) saAudnyuenImMgAnTsuvestayaluseu WU §03In13
fisuves Broadcast Storms st feidudeyaiifiteddy dldifissusihsaziiounginssuaruinunives
szuuedetneluusiardfviniu uidsanunsmianldauduiuuudenalnlumansaTauasssysumisiung
vostlgyluszuuaiorie lapgniluszansnm
3.2 mwensaideyaaynsuLm

msnensaideyaeynsunandunszuiumsdfyiifinnsuszgndldesaunsnaneluvainuanany i
Tnedumeuiiiifoddoeussavsnimuswuuiassio matmuasiutoyaluefinfuangan vioranumig
a7 (Time-Lag) leliudoyainin sisil mndmusdmmmisnadosiiuly envdwaliuuudaodideya
Ldiganasonisiseuiuwililivestoya uimnivuadanauniiuly avdwalvluuiassdinnududeuiv
AU dulsEaNS A nanas LLazifi’fLaawiuﬂWiUisuaawaqﬂ"ﬁu (Lim & Zohren, 2021)

TassinsUssamifisnuuumiaaal (Time-Lagged Neural Network) gnitannduiiodamsivdeyadis
mswasuuasnuna lngerdendnnisihdeyalusfinuniinneismiuteyatiagduitunalnuaires g
a1 (Tapped-Delay Line) (Hewamalage et al., 2021) aninenssuninanlasunisimuinesendulaseiig
Uszaiiisuluunszanedoundustinmiieian (Time-Lagged Backpropagation Neural Network) %qﬁmiyﬁm
MIMiIEATINTMUULNLET (Gamma Memory) lukuudass Tassadnsitaelunisdafuse finisnsedu
(Activation History) dawalsiiuudiassanunsaiiens uaznovaussfeszuuiifanuduiusuoulidudady
(Non-Linear) vosdoyafitudeouldognaiiuszansaim (Wagas et al,, 2023)

mMaRasuUTaedaeiansadnuniisiavielassitedssamifisuuuuniiag feduiade
ey heiudamuannsovesszuulunisiieseitoyadfguuuuvesnand i eates nnsuaiu
an1UnenIsuuU Tapped-Delay L‘ﬁ’ﬁuWlﬂﬁﬂﬂ’l'iﬁﬂﬁ’]ﬁmmwauﬁqm (Optimization) tadaLdanA1AINLMLIS
nan azdududdglunmsiuiedeuliniswensaiinnuutiugngs uazanunseiludszondldlunuisodednls
oghatn@ede (Surakhi et al, 2021)

3.3 nMsuszdiudszansamlunisitunewa

Tunsimunssuutyausshivg LLﬁzmiﬁﬁJuiﬂJaﬂLﬂ%@ﬂ (Machine Learning) M3Usziliuusza@nsn1nyas
wuaesialutuneuiiinnudidedieds Insawglulinnaussinvnisdaanams (Classification Models)
w3 eaflofiuguiildfunissensuuasiuldogisunsvatsiie Confusion Matrix Aauglufunisiiasesing
ROC Lilesanannsalinmsandinsouaguituuudiassanansninnedeyalunsiazsaaaldfifioda uazday
wefgsunntpeualg (Luque et al, 2019)

23AUsENOUTBY Confusion Matrix dwsulymnisdnuunuseanuuudedngy (Binary Classification) ag
nsuanuanan1sviungeendy 4 daundn Usenausie naauase (True Negatives: TN) Hauanadd (False
Positives: FP) Waauald (False Negatives: FN) Lagiauinasd (True Positives: TP) %ﬂ%}aaﬂa@ﬁﬂmﬂ Confusion
Matrix 5lu'Lﬁ'&ldLLﬁiLLamm’mQﬂﬁmﬁumﬂ’liﬁwu’miut.wiaxﬁﬁwhf?u wagegninluldilusingrudidglunis
AurnasTaUszAnsam (Evaluation Metrics) 91 9 irasusziduluinaldegnsoungu laiinazidud
Accuracy, Precision, Recall wag F1-Score (Lugue et al., 2019)

dwsudgmnssuunussaniifinadwsunnndy 2 ngu wiennsdavaavyuuunansnaa (Multi-class
Classification) lasea3$19wea Confusion Matrix azgnaenevwiaduavinduuia N X N (ae N Aed1uiunaid
Wanun) MSALaIRsTAUTEANE AW Wy Precision, Recall wag F1-Score dvsulunadnuned asdesonde
wieflansyaLade (Averaging Techniques) WitoagUrasiuvasmnamadiseiy inadaiideld laun n1sm
Alad suuuanA1A (Macro-Average) 3 dlinuddgiuynaaiasgraindeuiulaglithvuiavesnaiasn
91501 WazMIMALRABLUURANIA (Micro-Average) %wsﬁﬁwmu%’mﬂammLwiazﬂa’lau%ﬁuﬁwﬂ’ﬂiumﬁ
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v

s il lenadns fiagsiounnuduaielddlunsdideyausiazaarainiulianga (Imbalanced Data)
(Grandini et al., 2020)

mMsiassiUsEansamdaensim ROC wazfiuiilalda (AUO) wenwilosinnisiansanamsadfann
Confusion Matrix u&1 Mitsziduamuanninvesdaneifiudsansnsavildosanseuaquundusiunsliese
519 ROC Fasfiunsmifiuansmnuduiusseninedsnsmauinaa (False Positive Rate %38 1 - Specificity) Uu
wnuueu wazaAaala (Sensitivity) vuwnuss Tnelunsalves lumawuunaisnana (Multiclass) avdnns
Uszgnaldimadiaidanagns 19y One-vs-Rest (OVR) itofinsanuazaisnsmvesiiaznanafisuiuaanaiivide
mMsUsefiuuszansamannns ROC ssfinnsananauinves “Auillélia” (Area Under the Curve: AUC) il
i TnemnAuildld dlowalng wdusudidneuindanesfunielumatuiiussansaminesauiinnia
(Ahmad et al., 2021)

nsUsediudsansamlagld Confusion Matrix ttediaseinrugndedluseiuaana saudunislédng
ROC wagfignsanariuildlés (AUC) iilegaunadssuazaumumiuveslung doiduuumsiiauysaiuasii
Waudstuuariu wedlomaiitielfaunsaneadiunmsmveseuiianan dadvladendanesiiufiunyen
fign wazilugmeiannszuuinieteniessuvinnyideyadifinnuuiudazindedegegadmiunislday
9349 (Kilincer et al., 2021)

4. NIDULUIAAIIUITY (Conceptual Framework)
NIDULLIAALAZTUADUNIALTILIUITE Y TINAT Figure 1.

Model Training & Optimization &
Comparison Generation
Time-Lagged
1 Back-Propagation ™
Neural Network Performance Evaluation
T )| Decision Tree  |» Hyperparameter Accuracy
. Tuning Precision
Simulation
> Naive Bayes > & > Recall
& K-Fold Cross F1-Score
DataiFreparation | SupportVector | | Validation AUC
Min-Max Machine
»
Normalization
Feed Forward
Back-P i
Log A |L ack-Propagation
Transformation Neural Network

Figure 1. Overall Conceptual Framework for Conducting Research

91N Figure 1. mu’“afﬁ’aﬁyuq'nLﬁ'umiﬁﬂ‘mﬁzg‘mﬂ'1iLﬁmﬂmumauﬂslum%’mhammﬁaLmaﬁ‘ SPTRATCRTS
wuiiasamsiFeuiveeioailessysumisnsiindgmauluedodiss sgrafuszuu nssurumsizuduan
nsadrsuuuiiassaaunisaliaietng (Network Simulation) e dniiusarsausideyanginssuvesdoyalu
\wdotng s Mndutoyaiidaiiulfazgnindngnszuiunswientoya (Data Preprocessing) Tnsnsusussdioya
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Tmunzauiunaianisuuaidaya Min-Max Normalization $aufun1suuasdeyanieleiduasniiu (Log
Transformation) lileaansnszanesiuazaueudswesyadeyanouthlulssnanasufuuuiaes

Tuduvesmsduiiunuman deyaiiumsuivanmudiazgnihluneaeudivuuuirasmdniiviaue fe
TLBPNN W%@MﬁzﬂﬁﬂﬂﬂiLU%SUL%EJUTJ%S?VI%ﬂWWﬁ’ULLUUﬁﬁaa\‘iﬂﬂiL%‘EJuiﬂJaﬂLﬂ%@ﬂaﬂ 4 Useunm Lawn DT, NB, SVM
wag FFBPNN ail 1l et uannuwsiugwazarund efogegelunisweinsal vwideddddvseduin
Anuanansalumsasunanuiuugndeyailiiaamuiiiu (Unseen Data) muglufunistiestutlamnsidous
Wiy (Overfitting) wagnsiseuiteeiiuly (Underfitting) Aematinnismiuasuluiwuuialadg (K-Fold Cross-
Validation) saufiun1susutmsalaain1sidines (Hyperparameter Tuning) 98dusiagkuudnassliidalny
WanzaTign

dufuiunougaing UssiiusylvEnmmssuunUssinvvesusaziuusiaes axgninnan3ouiiiey
TS eun Accuracy, Precision, Recall, F1-Score wag AUC

5. A5AUU9UI (Research Methodology)
sAdeatuiifunddeuarimuniiiingussasdiil eviuuamisanszesnailumsnnadenuasudly
HamguluieSeteneuiiomes lassaandodgluagtilaeiluondugunsalaindseduiaes 2 uuuuims
damslé dssesiulnslnaea STP lumstestutlamay ogslsanmu lunsufoRsindnmsveeiniorislngld
gunsaidindszduiaiens 2 wuuldansaudmsinnsld iWewnddunuiidni gunsnissaniddesinde
lLiseasulnsinaea STP virlsioiAndgyminisiugy Usinadeyaumaaszunsnszaiuazdamansenuse
UsyAvEnmvenaietnelnesin mndymding vuideifajatumataniwuuiiaeamaBeuivensdes i
UsgAvsnmgs wiethandszgndldlunisinneuasszyiunisnsifedgmaulueiotisaeuinesldedis
Wi
5.1 1nseslafldluauise
wiesdiouargunsaidldlumssuiiuanafountsosnitu 2 dundn 1 nuinguarasduesnislou il
1. gunsaldmsudnaesseuunietneneuiimes
1) gUnsalaindszAuiaieas 2 wlinusmsdansld #s19ns Cisco Ju Catalyst 2960 911U 3 40
2) gunsalaindszduiaes 2 yialdanunsauimsdnnsle as18nws TP-Link 113w 1 99
2. ipdosilodmiunsiaifiukasyszinanateyaiaietne
1) gunsalronfiumesimiudoyaaussousidoriouazdanstoya léun in3esneuiiatnasnnm
(Laptop) A518N95 Lenovo 5u ThinkPad T480 UIAMYI8AIUTITIATI (RAM) 16 GB szuulunnig
Windows 11 Pro Ansasensiias PRTG Network Monitor dmiuvhmihiidmfiudeyangfinssuuarnisvianmes
gunsaliAsevIy TauduNsldaugendnls Microsoft Excel dmsumsuinisdnnis Msdnmssuuaznisusuues
yatoya S1uu 1 1Ades
2) gunsaineufiumesiassnisldonluiniens 1fun in3esneufiumesnsndnes HP fu P3330
YuAmhANEIiaT (RAM) 8 GB 5zUuUfiiin1s Windows 10 Pro $1uau 4 13
5.2 Sunausiiuauise
nszuIuNsAiusmAfeusenoude 8 duneundn fieaziBeasieluil
1. m3srapundetironfiunes nuitedidenliiinsinonaietisronfunesunumsmageuly
anmundensis Ingvhnmsimunanisvinuvesgunssiiniediosemsinassiniotieviosdiuaiiou (VLAN)
pondu 2 ngu i VLAN 200 dwsunisinsed eansseninanieanouiinmes waz VLAN 100 d1viuidy
Fosdynalumsiafiuieyanmsiinuresgunsaiiedede il lugunsalusaedaldsuualinesanuneiay 1
HuasnTnuea VLAN 100 fwusilviwesamaneias 2 f 6 lugunsaleindiaised 2 vlinuimsdamsle fil 110y
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d11%Nve VLAN 200 uazinualinesavaneiay 2 s 5 lugunsalalndiaies 2 viausmsdanisla dai 2
war 3 1JuannTnves VLAN 200 s Figure 2.

Computer (4)

@

Network
Internet

Switch L2

NPMRTG \’ = Unmanaged (1)

Vi

owich L2 R ¢
5 ED  Managed (1) Managed (3) Computer (3)
S 9999999
Computer (1) Switch L2
Managed (2) VLAN 200

Coputer (2)
Figure 2. Network Simulation

2. msaassaaunsainistintamngy (Loop Simulation) fi¥ngUszasdLiieasiedogyassiasuu
139118 (Network Traffic) fiazieungAnssunisviauvesgunsalidoiinan1izgu neldwendund PRTG
Network Monitor L uma3asfialunisdafiuuas sausiudayadendnn sisil nsvaaeusaesaniunisalld
sflunsaseunquynnesaiiszyliduandnues VLAN 200 msdawSouanimuindeunisnnassduiunising
\Peusenoufinmesiiniugunsaladndiases 2 yadluieiovisdass nfoudmundunisesndumesidnsiiu
wesnrueiay 6 vesadndusmsiansléi 1 uwansly Figure 2. dmiunsdnaestayyigy (Loop Simulation)
FAfesudumslasdonsoaindiaed 2 wuuldannsouimssanislédidrtunesmdimne andunsedu
n139571956A5 888N AR I Ul wasduiindeyansmiinluaniazund (Non-Loop Condition) s
goWdAlIF PRTG Network Monitor muszeghandiimun ddudaun gideldasrsannzgulnaideudenssn 3
uaz 4 vesentuuuliannsauimsianslidietu Welrguunsnszaeriaietns uazvhmstudindeyan
swilnluan1aziingu (Loop Condition) fswenduasiagnsounaiu nszuiunmsvageuiazgnyinglng
myudeunefadmnguaseuaqunnnedafiduaun@nues VLAN 200 sl snanedadvngladneufinmes
\Weusioag iy axvinstregunsaldsnanludmesninaduuuaindiifisriuneubunmsmaasuiaue ileniuny
muUsiarsnwanuanysaivesanUnenssuasedie

3. M3dnLiukazsIuTINdeyandinsiassanunsal §Idelasivswaifviniunisasasaietie
wagdnsnslimineInsmiasyssanananans (CPU Utilization) vesaindiawoed 2 siluanmzunfuazaniizdin
quuanslu Table 1. nszuaunsilldaonduas PRTG Network Monitor asiainaniuzvausiaznendeniad
(Sampling Interval) 0 30 w17l FeyaldsFuuimuaiinuruldniassanmzaietsazgniafuua
dwanluguuuulid csv iftelfidutoyaminindmiumsUssnananariinseinaluduneudalusgraduszuy
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Table 1. Data Used for Analysis
Number Data Name Unit
1 Unicast Input Bit/s
2 Unicast Output Bit/s
3 Multicast Input Bit/s
4 Multicast Output Bit/s
5 Broadcast Input Bit/s
6 Broadcast Output Bit/s
7 CPU Utilization Percent

o '
v oA 1Al

4. nsuSuusiadeya llesanyadeyaiidniuiuiivafldumunzandmivdoudiguuudiass &

1%

Tnenaluuuudnaeinisiseuivenaioznavauadlianudeyanivaeen [0, 1] w3e [-1, 1] 9Adelifudenld

U
'

windlA Min-Max Normalization Tunisu§utstioyalvtegsening [0, 1] nianmsasiaaeunuin doyadisiusu
Idulugifimnumuuivluaninzdei (14hlnd 0) snndraniizangs (dnlnd 1) dsualigadeyaiineey
B4 (Skewed Data) §35u3sléUszendldinaiin Log Transformation $ase iileanaueudsvesyndeya

Foyainunisuuiisdeyalegludissening [0, 1] uazudlunisiowdesdeyaiouiosud amnsa
T48ouduuusiass DT, NB, SVM, FFBPNN 1 uidwisunuudnans TLBPNN tu foshnisusuusadaifslaly
wiadamsnisnaannteyayaiiedtu Taedmuslideya a nardagtudugadnvaed 1 (Feature 1) uas
Foyatinunismiranaududunadnuuei 2 (Feature 2) il n1sUsulesseEIattun1 vyl (Time-lag
Adjustment) axgnanifiumsilefumanivnzaniigad Fisure 3.

X
Input Data ———»| X" X1

Delay

v X2
Xt

Figure 3. Prepare Data for Time-delay Model

Figure 4. Data for Time-Delay
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nszUUMSIssutayal I karn1svILIaT (Time Lag) n1sinseudayadniunisinedoudeya
ﬁﬂﬁ;ﬁ’uuas%yjaﬁgﬂmwLqﬁﬂL%’ﬂ@jLLUUﬁﬁﬁ@ﬁW%@Mﬁu LﬁaL%'&Jui'mmﬁuﬂ’uﬁl,%qmgmuLamﬁmmmﬂu Figure 3.
9INMIMAABUNUIINIAMUAAIINNANT 6 Faanan IiuszAvBammmsviunegean dwalvidateyaid
winduduaesviauandly Fieure 4. dmsuilgmengamelugiasudiu (-1 f t6) Isunmsuflusnemaiianis
wnufiteya (Data Imputation) shunnsguiegiaiiesnmmuasysaivesyndeyaneunsussanana

5. MskUYAdeya (Data Partitioning) dmsullnasuuaznaaeuwuuTIaeslddnsidiu 80:20 31N
1838594 350,000 F1081 Toewusgaaidy 5 Y9 YAaz 70,000 F18E19 ﬁﬁmimuqmﬁﬂdmﬂmaaz 5,000
Mograinfuiioudtymaruliauga (Data Imbalance) n1sdnuusisniunislasliduadudfutoya
(Without Data Shuffling) e $nunaninanuduiusidean (Temporal Relationship) ududervund dalu
NsUsEIIaNaYAToLARUUMLINIAT (Time-Delay Dataset)

6. MaaLLUUTIaes §3seidenldlusunsy Visual Studio Code 1ulad osflondnluniswaun
wuushaes Ingldmiiunsasnauuusasaemmn 5 gﬂLLUUﬁﬂénmLLé”ﬁaaﬂww Python

7. MsUsuusisAlalosnisiimes nsruiunIsUTuLsaLuUTIaediunisiunIselales
wisfitnesAmanzaniga (Hyperparameter Optimization) IngUsegndldimaianismuaeulviuuy 5 du
(5-Fold Cross-Validation) lun1sudswagagunsuisuyndeyanasgeu ﬂwmumiﬁ‘dawizﬁuﬂisﬁw%quaqﬂ
Tumsyiuneveauuudiass anmmeudes uazaiunnuiidefefdunanmseada

8. Mavszdiulszaninmnisvihung Wouuuasddiunsimuuasusuuganssouzaiaiu asgn
W mageuUsEansnmlunsduunUsznn Ingnadnsn1svimugnuuudnaezwaninaeenilugULuues
Fivild (Index) Litossysiumimefnvesgunsaideansfiintymauvideliiindaymauss Table 2.

Table 2. The Location of the Communication Device Port Experiencing the Loop Problem

Number Index Port Number

0 0 Port 2 Switch Number 1
1 1 Port 3 Switch Number 1
2 2 Port 4 Switch Number 1
3 3 Port 5 Switch Number 1
4 4 Port 6 Switch Number 1
5 5 Port 2 Switch Number 2
6 6 Port 3 Switch Number 2
7 7 Port 4 Switch Number 2
8 8 Port 5 Switch Number 2
9 9 Port 2 Switch Number 3
10 10 Port 3 Switch Number 3
11 11 Port 4 Switch Number 3
12 12 Port 5 Switch Number 3
13 13 No loop problem

6. WaN13338 (Results)

6.1 nan1sAnwuardTEiuTINgn1salvasnsiatymgulunietierauianes
Hamguluszuuiaietneeeniiomes Inslamzogieddundotns LAN fvhauuuaindiaiees 2 inan

annefiinadeudegunsaiiedevnetvneiuludnvariiulsumiu (Ring Topology) dawalvideyaiinnis

1Ma’JULLa$ﬁ’1“§I’mﬂﬂﬁlﬂﬁﬁé’uqm ihlugnmziedetiedunsegiaguuse Fanalnmsialymuaznansynuilael
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1. annsiesigidymiuueserngaindiaees 2 aunsoasunalnuavnansenuvesdanigule 5
Usens fail
1) m3vnanalndtdnetedeya adndiaiges 2 lifinaln Time-to-Live (TTL) dwsurhanawsudeya
wilouaindiaied 3 vihliisuilegluguannsninulussuuldeddlifiiidugn
2) msldgunsaiitliisessu STP msveneladerieseaindiases 2 wuudanslilld ddlifnslnaoa
STP ifletlesiuniriuen Wainnmsideusefisnainazsilinamiinuninszaelusiaaiodne
3) WigusanuAas (Broadcast Storm) n1sdsdayauvuuseauaaniuguazgndioaus neldiin
Uhinadeyaummarhuiaietisuasdarrenisdeansuniisnun
a) aalaiiafiosvesisne MAC Address iNsuiiinurinliaindsuteyaiduainuanenesmadulusn
P1319 MAC 1inn1sdunaeneg19sIaisauduay dwalinsdsdoyanuuianzas (Unicast) duman
5) Msdalsugdeu (Duplicate Frame) miﬁ’maaﬂLLaxdq%’aaﬂa’gm}éﬂwa’mﬂ% iaqdeuuuaing
uarAuFominenmaUsznanavesaintuargunsailarendlasasslond
2. wansenuvesdgyniguaeuszdnsaina3evie (Impact on Network Performance) UsynigUlu
ety LAN denansenuuusauassinswoiatosnmuesszuulu 4 Ussns deil
1) 13ovsanlned uda (Network Collapse) Wy usonuAas 1z A inensi anunlldaudiy
Usednsam silimsTiusnmsvgasedn
2) UsrAnBnInanaqee1eguiss (Poor Performance) nswifinfitugiazugsdsuuusiing reliin
ANUMUNES (High Latency) uazanadaialunisdsdeya
3) AMsen1sUsEaanaliuiin (CPU Overload) alnddasUszinanainsudnuiuumamanazduiag
MIFUTNIRABALIAN deNal CPU Utilization vegs 1Anaufeuaran wagtuneusigmisldauesawns
4) semnutdede (Unreliability) szuugaydeiaiosnmlumssudsdoya dsnsenusiornusioiiles
vosuInsleiiuazuaundndunielussdnslaense
6.2 WaN1INAUILUUTIaBINs3sufva AT asdmiuldlunsssydumisnisiiatgviguTueiasie
ARNNLADS
nsmnIkuuTIaesszyiurisgUluesevisaindiawes 2 andunisiiuniswieudeyansniinuay
Uuusansifiimesues 5 wuusiaes iiemandnenssufiovanyaudian Soeavdonnadwsial
1. nsdamIsuuazUTuruIndeyaana ULl sUTIuYeayaiuanlusunsu PRTG sewmaila Log
Transformation wazysuainalioglurag 0-1 §1838 Min-Max Normalization 9niuuisdeyaiduyaiinaoues
az 80 uazyavadeUTegas 20 Sufumslimadamuaouluiuu 5 d (5-Fold Cross-Validation) tioanaa
louBssuazifinszdvnmlunsasunavesiuuiians
2. Taseanauagn s sEivesvauuudIaes
1) wuud1ans DT 19 Gini Index In8AuAY Max Depth 7 20, Min Samples Split=2 Lag Min
Samples Leaf=1 wiatloafiunny Overfitting
2) wuudnaes SVM 19 RBF Kernel dwsudeyaueudiiles ivun Gamma=Scale wag C=1
3) wuud1aes NB Awanand1sidununisuanuasdnfandeyalaense Lideadivun
VECRHICLEETY
4) wuushaes FFBPNN Mudou 2 44 (64 waz 32 Tvua) ftun 30 Epochs, Learning Rate=0.01
meilandu ReLU uag Softmax
5) wuusiaes TLBPNN aniimensaudmiuteyanianam 1dduteu 2 4u (128 way 64 Tvun)
f1mum 60 Epochs, Learning Rate=0.001 Tagld ReLU ludugeusauifu Softmax lududeeen
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6.3 wansUszifiunasiUisuifisuyssavinmuuusaesiiiaunty
nssgysundsnsifadymiguluszuuieiodisaeufianeslusuidod dudunsiuniseasy
wuudraesiuan 5 sUuuu Tneuszsavsnmassusazuuuiassazgnuseifiudie Confusion Matrix Liteduunsa
nswennsalszrindeyafigndesuastoyafinainiadou Wesmnyatoyaluruideiusznoudenaianadns
U 14 Aana §378Temnualildn1s3iasesiiuy Confusion Matrix nateng s (Multi-class Confusion
Matrix) ifiol#nsounquyniAvesnisyune nan1sviute Confusion Matrix ¥09uUUs1a8 5 WUy uandly

Figure 5.
Confusion Matrix Confusion Matrix - Naive Bayes
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Figure 5. Confusion Matrix of Each Model

nsUszfiudszAnsninnsruisvesuudassiaun dudunislaeiideyaainatsns Confusion
Matrix 1euiasmeIUsyansain SeUsznaudie @1 Precision, Recall, F1-Score, Accuracy wail dglavinng
AMunuenmuusazaana Wieliiuiinuansaveuuirasdunsduundeyaudazaandldegdaau Tne
W& Accuracy a¥ Precision wanalilu Table 3 uag A1 Recall wag F1-Score uanslilu Table 4.
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Table 3. The Results of the Accuracy and Precision of Each Model

Accuracy Precision
class DT NB SVM  FFBPNN TLBPNN | DT NB SVM  FFBPNN TLBPNN

0 0.963 09474 0.6776 09843  0.9818 1 1 1 0.8699 1
1 0.9644 0.9488 0.6649 0.9785  0.9968 | 0.8241 1 1 1 0.999
2 0.8922 0.9505 0.6328 0.9769  0.9896 | 0.3661 1 0.9923 0.9682  0.8922
3 0.9358 0.9535 0.5662 0.9736  0.9927 |0.5549 0.9855 0.9708 0.8809  0.9714
4 0.9423 0.9539 0.6702 0.9836  0.9973 | 0.6319 1 1 0.9896  0.9998
5 0.978 0.9484 0.6355  0.998 0.999 1 1 1 0.9767 1
6 0.9564 0.9433 0.6693 0.9904  0.9867 1 1 1 0.966 0.9809
7 0.9203 0.9472 0.6397 0.9843  0.9895 | 0.4507 1 0.9987 0.8549  0.9974
8 0.963 0.9508 0.6775 09319  0.9758 |0.9967 0.9314 0.9144 05126 0.872
9 0.9671 0.9476 0.6858 0.9878  0.9932 1 1 0.9789 1 0.9748
10 0.951 09544 0.6772 0.9897  0.9974 | 0.6777 1 0.9555 0.9938  0.9737
11 0.8764 0.9525 0.684 0.9823  0.9958 | 0.3348 1 0.9861 0.9027  0.9952
12 0.973 09529 0.6854 0.9889  0.9974 1 1 0.9962 0.9787  0.9943
13 0.9129 0.3699 0.2285 0.9641  0.9406 0.45 0.1018 0.1296 0.6661  0.5464

Average| 0.938 0.868 0.611  0.976 0.984 | 0.701 0.862 0.851 0.844 0.908

Table 4. The Results of the Recall and F1-Score of Each Model

Recall F1-Score
class DT NB SVM  FFBPNN TLBPNN | DT NB SVM  FFBPNN TLBPNN
0 0.482 0.263 0512 09172 0.7446 0.65 0417 0.678 0.8929 0.8536
1 0.637 0.284 0.498  0.6994 0.9568 | 0.719 0.442 0.665 0.8231 0.9774
2 0.696 0.307 0.464  0.6992 0.9718 0.48 047 0.633 0.812 0.9303
3 0515 0354 04 0.7294 0.9244 | 0.534 0.521 0.566 0.798 0.9473
4 0.461 0.354 0.504 0.7792 0.9622 | 0.533 0.523 0.67  0.8719 0.9806
5 0.692 0278 0.466  0.9958 0.9858 | 0.818 0.435 0.636  0.9861 0.9928
6 0.39 0.206 0.503 0.8968 0.8306 | 0.561 0.342 0.669 0.93 0.8995
7 0.528 0.261 0471 0.94 0.8558 | 0.486 0.414 0.64  0.8954 0.9212
8 0.484 0.337 0538  0.9504 0.7756 | 0.652 0.494 0.678 0.666 0.821
9 0.54 0.266 0.528 0.829 0.9282 | 0.701 0.421 0.686  0.9065 0.9509
10 0.599 0362 0524  0.861 0.991 0.636 0531 0.677 0.9226 0.9823
11 0.739 0335 0524 0.8426 0.9462 | 0.461 0.502 0.684 0.8716 0.9701
12 0.621 0341 0522 0.8638 0.9694 | 0.767 0.508 0.685 0.9176 0.9817
13 0.987 1 0.963  0.9962 0.994 0.618 0.185 0.229  0.7983 0.7051
Average | 0.598 0.353 0.530  0.857 0.917 | 0.615 0.443 0.628 0.864 0.922

1nA15UsEEUNUIT WUUTIae TLBPNN wanauszd@nsningsan (F1-Score 0.95-0.99) Iumjmmaﬁﬁ
Anududoudelia (nana 1, 4, 5, 9-12) uaznquiliianufuulsnunaigs (aana 2, 3, 7) iesnauauTd
Time-Lagged 1eliiFousrmduiusuazdrifunaildfninlunady 9 (OT, NB, SYM) agralsfinnu dmsuam
AnUnAuuudundu (Rana 0, 6) wuudnasd BBPNN mauauedlafninanies usnduiinauvinaisgannlumaia 8
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g4 TLBPNN anunsadanisleindn venaninudedunaddalunaa 13 fivmifiaieunanadises (Fallback
Class) lowdnfoyaiififlaosiudoutugs uuuassinoudssmsviueaniaaiadl dumaliifle Recall gaus
/1 Precision #1310

HANTUTZIINYTEANTAINAINTIU (Macro-Average) wuud1aed TLBPNN dUsednSainasgauasauna
fign (Precision 0.9427, Recall 0.9169, F1-Score 0.9224, Accuracy 0.9881) ¥aux#l BBPNN agluinaseifiusivnn
nMsUszananaiifiing d2u NB Lag SYM 1nanuasaunquasHall F1-Score Aan diusunuudiass DT 110
ABAneu usl Accuracy a¥g9ie 0.9426 Wil F1-Score ndus e 0.6154 FlifudnsRiansandasa
Accuracy Hissegudelsiannsnasioulssdvinmiluiasmasnishuelugeadeyatld snAteiFassendld
Wulda ROC wagan AUC 13 sUseifiunuduiudseninsdnsinauinads (TPR) wlsufunauinads (FPR) Lile
Avudanuunumugniedlunws Tnsnansussifiulsyavsamassiuusiassis 5 anrdnensalduanddlu
sULuuEUlAY ROC @a Figure 6.
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Figure 6. ROC and AUC of Each Model
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21nns1l ROC Aliitutuuudaeslassdeussamidion (TLBPNN, FFBPNN) dansldsudlndyudne
vwnnnd DT, NB way SYM agnediniau devsuendsussavsnmlunisusnuestoyaiigandn fedfidolddman
AuTlATES (AUC) TawuumeeaauazaiadeTu Fewadia Macro-average ileUssiiiunnaaaosnaviiisudiu
Tnenanssuana1 AUC siavmnldagunalilu Table 4.

Table 4. The Results of Area Under the Curve of Each Model

Class DT NB SVM FFBPNN TLBPNN

0 0.963 0.812 0.835 1 0.96
1 0.619 0.865 0.804 0.98 1
2 0.663 0.84 0.747 0.98 1
3 0.582 0.84 0.73 091 0.98
4 0.709 0.875 0.828 0.98 1
5 0.64 0.883 0.815 1 1
6 0.693 0.74 0.761 0.99 0.96
7 0.738 0.84 0.765 0.99 0.96
8 0.763 0.899 0.869 0.97 0.99
9 0.772 0.839 0.813 1 0.98
10 0.768 0.858 0.855 1 1
11 0.628 0.84 0.806 0.99 1
12 0.613 0.88 0.807 0.99 1
13 0.567 0.675 0.876 0.99 0.98

Average 0.694 0.835 0.808 0.984 0.986

97 Table 4. nansneaeUTTAILUUT andassteUsTamieniiUsEans mmmieniuuusass DT,
NB uaz SVM Ing TLBPNN iduaanilnonssuilimanzauiign 1vaade AUC geanil 0.986 uazduundoyals
auysailuy (AUC=1.0) s 7 Aana seda3snAe FFBPNN (AUC=0.984) Ssvhlddnindntiesluaana 0, 6 uay 7 1
dnwazdeyanialiaenndesiunalnidanan lunduuuudiass DT SuszdnBansian (AUC=0.694) liianssa
sesfuAuudeuvasteyald vazdl NB uaz SVM faflanuudsusiugauaznannaades agulédn TLBPNN
Duuumefimnzauign seuanuutiuguaziaiosnmgeanlunssuundeyaliogisaseung

7. a3UNaN13ITELaTaAUIIBNaN15A38 (Conclusion and Discussion)
NITeNsRsuivenasedagldlassheusramiiisuwuunseaedeundurinnuina e ssydumi
Jaymavlwasevivaindiaiees 2 a1unsaasuna wagedusenansidelaeieuisuiuauideduiniieitos

v Y
¥

Ladsil
1. agUusgdvenmuuuiaesmsyiungsiuiagy
INMINAFBUNUIMUUTIADS TLBPNN HUsednSamgeaauazaunalunnis (Precision 0.9427,
Recall 0.9169, F1-Score 0.9224, Accuracy 0.9881, AUC 0.986) S99a911A® BBPNN Gumz‘ﬁ'l,m‘uﬁﬂam DT, NB
wag SVM flAn Recall smuazdumaslunsnsasdunatorana dawadniiaonndssfunuiseves Ferrag et al.
(2020) Hswyirdaneiunaiuiidodialumsyssnanatoyaniotefifieududounasiifgs Teliuseansnm
AogNILUUINaBdlATgUsramiedag1etniay
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2. Uixﬁmﬁmwmiv‘hmaiayjaﬁm?iauuﬂawmnm
wuus1aes TLBPNN Taaiulunissuundeyadidaudunusauiangs (aana 2, 3, 7) #ae
ANANYUENUIIAT kidmTuAURAUNALUUGUNSY (AAT4 0, 6) BBPNN ndulinadnsfinni Saonndoeiu
Le et al. (2019) finuilumaaanmngiunsdasunlasieiies vuziianuinunfuuudundy (Point
anomalies) Wz fumsly FFBPNN filailiteyadounduiioanaiududoutasiiinamsinig
3. Jgyminisviudouvesdayyain3edie (Feature Overlapping)
dewdndeyanauinie yruuudiaswinewdsanmsyhuglufinana 13 (Fallback Class) ¥inlvina
UINagstu Taslamzuuudiaes DT fif1 AUC apimdeifios 0.567 agvioudiuuudiass DT lilaunsasessy
arndudouild aeandoartu Berman et al. (2019) inudniedoyaiinsiiudougs luwadadusazuusias
DT asiinAud e (Bias) lWdsamansanvdnifioandefianaiasiu dsmaliussansnnlusanaiuanas
981959057
4. prudnAgueIN1TUTEEiumIe ROC wag AUC
Tuannzdeyairsetslalauna (Class Imbalance) Fsilyvauiidndrunsifntosunn nsiansan
\isAn Accuracy enasilvinadnsTaideou muAdeddden AUC Faigaiiuuuudiasdlassingyssamiiiond
wiesnmadlunisuenauraUnd (True Positive) eanaindayayraunaen (False Positive) Ingianzuuudnass
TLBPNN #ivhazuuu AUC Iefauysaiuun (1.0) fe 7 aana 1umsBudufieszdvBamuasiafiosnmgsgalunis
inlUuszenaldauass
5. 48d1finveen15398 (Limitations)
usfuuudiaes TLBPNN 9z anuiaiudige winisldeuasedsiidesada iosannisdnwiil
fudunsuuaiedisruinidnseduiosufjiinng Fsenaflifeulunginssuanizveudngunsal (Vendor-
Specific) uana1ni nslduuudasadanandadnnudsaiesnisialvavesdeya (Temporal Leakage) uaz
aumiaglunsUszananasse (Deployment Latency) aduamuiimedidesdinuuasiaundudiuluounan

8. dalauauuaIuide (Recommendation)

8.1 Fasuanuzluauideafedaly
1. M3VEIVUIALEENISTVIAFRUTUAN N INGOUTT
dosmnmsfinenisifneguuaietedassmunin viuidelusuiandsmsiuuusiaedlunadey
Tunsetneaseidvunslvg) dudeu uazldgunsalvannmanognde ileUsuiliunrmadosuazanuanunsaluns
ayunavesuuudnaedlunisldnuats
2. MIweuLieuiukuUTNaoe Deep Learning
muiteluswaneniandnenssuszduan 1wy RNNs uay LSTM Aiflgawiulunisdndunimdius
Baan udsuduFsuiiisuiuiuudiass TLBPNN iesnseduanuutiudiuazUszansamlunisasady
Hangulasdeiu
8.2 nsUszendldlunuide
1. myaaawazninenstunisuntedeym
wuUTIaes TLBPNN anansaszysumimesafiingulsutiugfeienas 91.46 Faanunsathluliidy
\ndesioaiuayugguassuuiioanniszuarsresalumsasiuiingiadeunenisnin dwaliesdnsanusod
Auszuunietnalignesinga
2. maasuaiuanulaendunelivedinsuuseinn
msthuuuiaewihssSmsiinaeulandesdnsfineanieatiedie Unmanaged Switch 34lyd
Tnslnaea STP Tnsgasanmuidsaainnisiiamigusonuaas (Broadcast Storm) wazdastunisunsnszany
YouafidmansznuseUszansnmiaietnelngsm
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Abstract

The aim of this research was to present a selection method for “Free and Open-Source Software
(FOSS)” type of three-dimensional computer-aided design (3D-CAD) by using the Simplified Quality
Function Deployment (Simplified QFD). The research was conducted into 4 tasks: searching for the
alternative 3D-CAD FOSS which have been popular used among makerspace communities, extracting
appropriate criteria used for selecting 3D-CAD FOSS from research literature and makerspace communities,
brainstorming to select the most suitable software by using QFD matrix among 11 stakeholders from top
executive down to student representative of Rajapark Institute, and validating the selected software by
real teaching experiment. Teaching experiment was performed on a sample of 8 undergraduate students
who enrolled in the elective subject of “Computer for Mechanical System Design” from academic year
of 2025. With three alternative 3D-CAD FOSS (namely FreeCAD, Blender and Autodesk 123D Design) that
were brainstormed and selected by using the simplified QFD, FreeCAD is the most suitable software with
a maximum score of 31. Results from student questionnaires after teaching experiment pointed out that

students were more positive on FreeCAD than Autodesk 123D Design and Blender respectively.

Keywords: 3D-CAD FOSS, Software Selection, Multi-Criteria Decision Making, Simplified QFD
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1. Introduction

The widespread application of 3D-CAD modeling in the industry throughout many decades has
necessitated engineering institutions to integrate commercial 3D-CAD software into their curricula with a
significant investment. The small private institutions that lack funding frequently update such software,
tolerated the use of outdated versions that fail to meet the demands of occupational market requiring
proficient students in the advanced levels of CAD technology such as computer-aided manufacturing
(CAM) and computer-aided engineering (CAE). Today, however, many Free and Open-Source Software
(FOSS) have been emerged and continuously developed by non-profit organizations. Its effectiveness has
been proven by public communities for a certain year. A makerspace can be viewed as a collaborative
community that maybe comprises of high school students, hobbyists, startups, or whoever has the same
passion, gather doing various activities such as exploring, learning, making and sharing by employing non-
technological to high-technological tools such as integration of 3D-CAD and 3D printing (Kantaros et al,,
2022). With the factors of investment and other benefits, administrators of Rajapark Institute realized the
potential of FOSS to replace the existing outdated commercial 3D-CAD software. Therefore, researchers,
as part of the institute, conducted a study to select the most suitable 3D-CAD FOSS under various criteria
beyond investment considerations solely.

Fusiripong & Nuansomsri (2022) proposed the evaluation criteria for 3D software selection by
following the ISO/IEC 9126-1:2001(E), identified Those criteria by comprehensive and matching meaning
techniques, and found 18 criteria that could be adopted in the 3D software selection with the item
objective congruence index of 0.9. Most of their interested criteria, however, were weighed on the license
fee and its related investment that focus on the selection of commercial 3D-CAD software. Considering
some research (Okudan, 2004; Prasad & Chakraborty, 2016; Ozsoy, 2020; Gaha et al,, 2021), without
pointing towards FOSS directly, the overall criteria for selecting 3D modeling software remain consistent
in terms of core functionality, diverse supplementary features and user-friendly interface (GUI). In recent
years, there has been research to use 3D-CAD FOSS into various application that can view its continuous
development (Di Donato & Abita, 2019; Hebebci & Maya Hebebci, 2021; Le et al,, 2026). Junk & Kuen
(2016) reviewed the use of various 3D-CAD FOSS. One of them is Autodesk 123D Design that has been
used in the elective subject of “Computer for Mechanical System Design” at Rajapark Institute since 2022.
They described the proper characteristics of CAD by considering the needs of users with little experience
and concluded that users still need comprehensive functionality and friendly GUI included a special need
of free or affordable accessibility to CAD systems.

However, by considering the source of criteria for 3D software selection that were extracted from
the research, the authors found that those criteria were limited and extracted from a few professors or
consultants only. This may lead to biased judgments (Okudan, 2004) and lack of participation from all
stakeholders. Hence, the authors wanted to provide a forum with reliable tools in which all stakeholders
in the institute could brainstorm to select the most suitable 3D-CAD FOSS. Even Ozsoy (2020) presented
the valuable method for selecting 3D-CAD based on Analytical Hierarchy Process (AHP), but the authors
tried to avoid the “rank reveal” problem due to adding any alternative 3D-CAD software during
brainstorming and lead to inconsistency in results. The authors thought that using the Quality Function
Deployment (QFD) to select the 3D-CAD software by Prasad & Chakraborty (2016) should be more
effective. To avoid any mistrust about behind calculations QFD from stakeholders, every voted score

must be transparent and conducted in a simple format that could reach a conclusion within a face-to-
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face brainstorming session, therefore the authors proposed a simplified QFD (Brussee, 2004) for selection
of alternative 3D-CAD FOSS instead.

2. Research Objectives

1. To explore and establish a list of alternative 3D-CAD FOSS for selection to be used in mechanical
engineering education.

2. To explore and establish a list of proper criteria which is used for selection the 3D-CAD FOSS to
be used in mechanical engineering education.

3. To present a method for selecting the most suitable 3D-CAD FOSS for mechanical engineering
education by using Simplified QFD.

4. To validate the proposed 3D-CAD FOSS obtained from Simplified QFD-based selection method

by real teaching experiment and student questionnaires.

3. Literature Review

3.1 3D-CAD FOSS which is Suitable for Mechanical Engineering Education

Today, 3D-CAD software is simply categorized by its modeling technique. The most common types
include “3D Parametric - Solid Modeling” used for precise dimension-driven engineering, “Parametric -
Surface Modeling” used for curved shape objects, “Mesh or Sub-D Modeling” used for digital sculpting or
organic shape objects, “BIM (Building Information Modeling)” used for architectural and construction. For
clearly, 3D-CAD software in this research mainly focuses on “3D Parametric - Solid Modeling” which is
normally used in mechanical engineering. While commercial 3D-CAD software does not have publicly
available source code, end users are limited as consumers. Without any customize allowing, they must
rely on the workflow and trust the results which the commercial software presents. In contrast, almost
3D-CAD FOSS provides publicly accessible source code, avoids vendor lock-in, allows end users to fully
customize, and share among social communities without licensing fees. In this research, hence, authors
are interested in 3D-CAD FOSS only.

To avoid the need for high-performance commercial 3D-CAD software that require licensing fees
and expensive hardware, as an alternative, many literatures have been proposed to use 3D-CAD FOSS
that is gaining popularity within the makerspace communities and is growing through public support, as
an altemative. Castro et al. (2019), presented a study of download behavior from the SourceForge
platform, one of the popular web-based repositorium committed to support FOSS projects along with
open design (OD) communities, showed that the top 3 most downloaded 3D-CAD FOSS are rattleCAD,
BRL CAD, and FreeCAD with stable cumulative downloading throughout the years. This indicated the
ability to maintain public popularity and implied a likelihood of continued and sustainable development.
Currently, the number of 3D-CAD software available as cloud-based services is continuously increasing,
driven by the growth of Industry 4.0, where virtually all operations are based on the cloud and the
Internet of Things (loT). It looks like there is no longer investing in high-performance computing hardware,
requiring minimal maintenance, and avoiding software version conflicts. Software updates can be
performed directly through the software provider's servers without requiring manual upgrade requests.
Some software is entirely hosted on the cloud, meaning it can be accessed directly through a browser
without prior installation on a personal computer and can be displayed on any device. Gaha et al. (2021)

compared two software along this idea; Onshape and Autodesk Fusion 360. Each software offers a trial
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version that allows any registered student to use it for 1 year at a time and renews the access annually
for as long as they remain an actively enrolled student at a qualified institution. Although Onshape looks
more appealing than Fusion 360, particularly making all functional features work similarly that allow
students to identify errors more quickly, Fusion 360 has a more user-friendly assembling function.
Furthermore, Fusion 360 can be used offline, which is a significant advantage in cases of unstable internet
connections. They further commented that while cloud storage eliminates the need for users to manage
data on personal computers and avoids investment in highly stable-expensive storage devices, it comes
with a certain fee that depends on the agreement between the software provider and the institution.
However, this cloud storage also has some drawbacks, such as the inability to control the own files, as
they are stored on the provider's cloud. To avoid the commercial cloud-based 3D-CAD software, paper
by Hebebci & Maya Hebebci (2021) offered the open -source ones. They found that Tinkercad is the most
popular 3D-CAD software among the web-based software. Considering software fees, only the free
versions of Tinkercad and FreeCAD offer full functionality. In terms of learning curve, however, Tinkercad,
Vectary, and 3D Slash are more efficient in situations requiring limited learning and practice time, while
SketchUp and FreeCAD require more time, skills, and professional engineering experience. Authors think
that, for mechanical engineering students who will graduate and work in the industrial sector, they cannot
avoid these functional skills. Today, information tracked from social networks points FreeCAD is beginning
to be popular and widely applied in various engineering fields with its inherent versatilities and
compatibility to connect to other software packages, via workbenches developed by open design
communities. Some of its compatibility can be demonstrated by work of (Di Donato & Abita, 2019) to
expose the capabilities of FreeCAD in creating a BIM model of a bus stop roof-structure that showed its
potential for integration with 3D-CAD FOSS for project scheduling and management like ProjectLibre. They
compared FreeCAD with the famous software that come with a motto “CAD for Everyone” like Sketchup
and its 4D Virtual Builder add-on, and commercial software like Teka Structure which possesses ability to
complete 4D BIM tasks. Although the project progress tables obtained from FreeCAD looked not as visually
appealing and communicative as Sketchup, and the automatic updating of project progress at each stage
based on allocated resources looked also as good as in Tekla, they still believed that FreeCAD showed
further potential for development to improve interoperability between FreeCAD and ProjectLibre in terms
of cost management related to the stages and resources defined in ProjectLibre. Another paper of Le et al
(2026) demonstrated the flexibility and efficiency of a FreeCAD-GDML Workbench, in designing
geometrically complex parts such as detectors, collimators, and structural assemblies in the development
projects of PET and SPECT nuclear medicine scanner through XML- scripting, which is an accepted
protocol for Monte Carlo Geant4 particle physics modeling. Those papers expose the flexibility and
compatibility of development on FreeCAD that should be fruitful continued among makerspaces. Here,

while the authors are beginning to recognize potential in FreeCAD, this potential still needs to be proven.

3.2 Multi-Criteria which is Used for Selection of 3D-CAD FOSS in Mechanical Engineering Education

Over the years an enormous amount of paper has been published on identifying of selection
criteria for 3D-CAD software, it is practically impossible to present exhaustive review on them; hence only
a few selected papers are explained. In Thailand, during last three years past, there is only one papers
about criteria on software selection by following the ISO/IEC 9126-1:2001(E) for software engineering-
product quality (Fusiripong & Nuansomsri, 2022; International Organization for Standardization, 2001). Now
ISO/IEC 9126-1:2001(E) is revised and replaced by ISO/IEC 25019:2023 (International Organization for
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Standardization, 2023). This summary indicated that the “3D parametric function” for creating the
geometric features is still being most essential criteria. 3D parametric modeling is a kind of CAD that is
usually used for mechanical engineering, which is created by using mathematical parameters instead of
the constant values. This approach allows any modifying onto the solid model via changing the
parameters inside. This included possibilities to develop dimensioning and 2D-drafting for manufacturing
then. Even through the “License fee and investments in high-performance hardware” are also crucial
criteria in the papers, but with the expectation of this research on using 3D-CAD FOSS which should be
affordability (Kantaros et al., 2022), this point could be looked over. Except core function of 3D parametric
modeling, junior students who use 3D-CAD software probably not expect to see and play “Special
capability” such as motion analysis when they open software at the first class (Gaha et al., 2021). Okudan.
(2004) exposed that the proper adapted version of user manuals could obtain “Ease of use”, he could
lead two groups of students created the same 3D solid model even they used the different software.
Final issue, “Accessibility via internet includes cloud and collaboration” looked appealing to new
generation students (Di Donato & Abita, 2019; Kantaros et al., 2022). But there are some weak points from
unstable internet connection and expensive fee for cloud servers (Gaha et al., 2021).

Okudan (2004) offered an interesting idea for validation of the software selection in practically. He
adapted user manuals for two selected software and designed exercises allowing two student groups
who were assigned to use two different software to model the same 3D model by using the same basic
functions. He found that each group could spend equal time studying and completing the exercises in
classroom. His research indicated that well-designed user manuals with similar functions could lead to
consistent learning of students. Minor differences occurred from varying levels of user familiarity onto
user interfaces (menus and GUI). The authors will follow his validated methods by separating students
into certain groups. Each group will be assigned to use the different choices of 3D-CAD FOSS that pass
the QFD-based decision-making as will be discussed then.

3.3 Simplified Quality Function Deployment as an Effective Tool for Decision Making on the
Selection of 3D-CAD FOSS

The quality function deployment (QFD) is one of non-statistical tools which is widely used in the
Six — Sigma to manipulate the requirement of customers (often called as voice — of — customers; VOCs)
which are mainly obtained by market research. QFD can transform the qualitative needs of stakeholders
into quantitative criteria in a matrix format (commonly known as “house of quality”) which allows
stakeholders to brainstorm and prioritize their needs within concurrent engineering environments. Even
though Prasad & Chakraborty (2016) presented a software selection methodology based on the QFD
concept. but instead of face-to-face meetings among stakeholders, a graphical interface developed using
Visual BASIC was created for individual stakeholder voting and prioritization. They claimed this avoids
arguments, interference leading to opinion manipulation, and reduces the time spent on collaborative
evaluation. Regarding this point, the researchers disagree, arguing during face-to-face brainstorming is
essential because confrontation does not always imply interference or manipulating the opposing idea.
In the other hands, it is probably an opportunity for everyone to learn, exchange ideas, or even dismantle
preconceived notions. To utilize face-to-face discussion more simply, however, the authors do not
implement the full version (as house of quality) of QFD, but work with the simplified QFD instead (Brussee,
2004). It looks simply format but still maintains the concept of QFD completely. To easily understand for
the readers, the author will omit explaining how to create simplified QFD at this step of literature review

[5 of 18]



I--I‘ SN 2985-1580 (Print)
s ISSN 2985-1599 (Online)

May-August 2026, 4(2), ed187 Journal of Computer and Creative Technology [-—
DOI: 10.65205/jcct.2026.4187 NsasmeNiIwmesuavwaluladaseassa J

(Research Article)

but will explain it via the real proposed decision criteria and choices of 3D-CAD FOSS using in this research
at the step of research methodology instead. In addition, the comprehensive details of making QFD matrix
can be studied from textbooks on general multi-decision analysis, and review paper worked by (Chan &
Wu, 2002; Aytac & Deniz, 2005).

4. Conceptual Framework

The conceptual framework of the research can be depicted as Figure 1. below.

Face-to-face brainstorming

among stakeholders
Researchers B T A
Screening alterantive : 1 Researchers & Students
1
3D-CAD FOSS L, I o _ ;
(as independent variables) ! Simplified QFD Selected | | Validation by teaching Most suitable 3D-CAD
: decision matrix [~* 3D-CAD ; > experiment/studen =i FOSS
1 FOSS | questionaires (as dependent variables)
Screening proposed [ |
criteria list \ !
N ,I
Researchers ~  T~"~" """ TTTT--o--—-

Figure 1. Conceptual Framework of Research

The authors imitated as general users who have little experience and usually start to find any
interactive information such as 3D-CAD FOSS from social channels like YouTube or Facebook first. In
parallel, the selected criteria for software should be preliminary recognized from this stage. This
information will be cross validated by literature review. The alternative 3D-CAD FOSS and selected criteria
will be input to simplified QFD-decision matrix as a brainstorming tool for a face-to-face session. In finally,
the most suitable 3D-CAD FOSS which are selected will be validated by real teaching experiment and

student questionnaires.

5. Research Methodology
The proposed methodology for selection of 3D-CAD FOSS by using simplified QFD is divided into

six consequent steps. Each step is explained in terms of its inclusion of this methodology as below.

5.1 Explore and Establish a List of Alternative 3D-CAD FOSS for Selection

This step is included in the methodology to compile information and answer the question, “Which
open-source 3D-CAD is popular used among the makerspace communities?”. Initially of screening, the
authors assumed the role of makerspaces who typically start by watching beginner- friendly tutorials on
YouTube such as (Print N Repeat, 2026; Tutorialfied, 2026) and even searching for recommendations
through online forums like Reddit. Of course, in addition to the voices on social networks, academic
evidence from research papers is needed to confirm those voices. To get more firmly consistency, authors
searched the papers by using the keywords such as “Open-source 3D-CAD software”, “Open-source 3D
parametric modeling”, “3D-CAD FOSS” etc.

The beginning draft of possible 3D-CAD FOSS was simply validated by discussion with the second-

year undergraduate students who enrolled in subject “Engineering drawing”. A list of alternative 3D-CAD
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FOSS that must be input into the QFD decision matrix was the result of this step. Details of consideration
of the alternative 3D-CAD FOSS were explained in the result 6.1.
5.2 Establish a List of Proper Criteria which is Used for Selection the 3D-CAD FOSS

This step is included in the methodology to compile information and answer the question, “Which
criteria is proper used for selection of open-source 3D-CAD software?”. To answer the question, as well,
the authors still started watching on YouTube and even searching for recommendations through online
forums like Reddit. To confirm the voices from social communities, authors searched the papers by using
the keywords such as and searched the research papers by using the keywords such as “Criteria for CAD
software selection”, “Multi-criteria for CAD software selection”, “Decision making for CAD selection” etc.

The beginning draft of possible proper criteria was validated by discussion with the second-year
undergraduate students who enrolled in subject “Engineering drawing”. A list of criteria for selection of
3D-CAD FOSS that must be input into the QFD decision matrix was the result of this step. Details of
consideration of the selection criteria were explained in the result 6.2.
5.3 Make the Simplified QFD for Selection the 3D-CAD FOSS

At the beginning of face-to-face brainstorming session, the authors provided the blank form of
simplified QFD as shown in Figure 2. on white board. A list of alternative 3D-CAD FOSS from 5.1 was
proposed among the stakeholders and must be input at the top row of simplified QFD matrix. Similarly,
a list of criteria for selection of 3D-CAD FOSS from 5.2 was proposed among the stakeholders and must
be input at the most left column of simplified QFD matrix.

QFD for selecting the open-source 3D-CAD

Criteria
score

Software No.1
Software No.2
Software No.3

Selected criteria

Criteria No.1

Criteria No.2

Criteria No.3

Criteria No.4

Total Score

Figure 2. The Blank Form of Simplified QFD for Selecting the 3D-CAD FOSS

5.4 Brainstorm to Decide on the Selection of 3D-CAD FOSS with Simplified QFD

This is the most critical step to realize the happening of simplified QFD in practically. The
stakeholders were consisted of 1 Dean of faculty of engineering (acting as Head of mechanical engineering
department), 1 Head of industrial engineering department, 3 researchers as members of mechanical
engineering department, 1 Head of computer and IT systems section, 2 representatives from the institute's
administration both in academic affairs and finance, and 3 student representatives selected from previous
and current semesters. Those 3 students were selected from the third-year undergraduate students who
passed the subject of “Engineering drawing”. The main selection criteria for those students are possessing
the backeground of vocational certificate and experience in the metal working and related sectors. The
authors expected that their background and experience would be useful for evaluation the 3D-CAD FOSS.

All stakeholders must use the blank form of simplified QFD from 5.3 to brainstorm and evaluate
the scores for each criteria and each alternative 3D-CAD FOSS by following steps as below. The authors

decided to use score ranges which were specified by Brussee (2004).
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1. Score of each criteria for selection of 3D-CAD FOSS is put into each row of the adjacent
column beside the most left column of criteria, namely 3 is score for important criteria which are not
against safety and legal measures, 2 is score for minimum criteria which cannot be avoided, and 1 is score
for “nice to have” criteria. The scoring can be refined for more than three ranges. However, it often leads
to confusion during the scoring and may not be worth time and effort. Score each customer’s need and
put it into each row of the adjacent column beside the customer ‘s need.

2. Similarly, score of each possible 3D-CAD FOSS that can be responded with the corresponding
criteria is put into the upper part of each intersection box of each row of criteria and each column of
software, namely 3 is score for completely respond to criteria, 2 is score for well-fit respond, 1 is score
for moderately respond and 0 is score for unable respond. In many cases, however, a minus score for
conflict with the criteria can happen. It is not unusual due to attempting to respond to a criteria may
conflict with others criterion.

3. Multiplying result of score of each criteria and score of each software is put into the lower
part of each intersection box.

4. Finally, sum of multiplied scores from the lower part of each intersection box of all rows in
the same column as the total score of each software is put at the lowest part of simplified QFD.

At the end of this step, stakeholders obtain total scores of each altermative 3D-CAD FOSS. Basically,
they should select the software that possesses the highest total scores to achieve the criteria as much
as possible. However, some stakeholders may wonder and recognize something wrong insight their
selection based on the total scores and want to rethink their scoring again. This is normal and valuable
situation that often leads to scoring back and forth about two or three times to get the most suitable

software, especially software that respond to the high scored 3 of the criteria.

5.5 Validation the Selected 3D-CAD FOSS by Teaching Experiment

This teaching experiment was planned for 8 third-year undergraduate students who are enrolled
12 weeks (3 hours a week) in the selective subject “Computer for Design Mechanical Engineering System”
during academic year 2025. They must follow the training manual of the selected 3D-CAD FOSS from
simplified QFD and then assess their performance by assignment. Certainly, student performance is
measured from using some predetermined basic 3D-parametric modeling functions e.g., extrusion, sweep,
revolve. The class is conducted by same instructor teaching on different 3D-CAD FOSS from simplified
QFD during the same semester. Due to a few students (8 students) while a bit of long teaching periods,
the authors did not separate students from using each alternative 3D-CAD FOSS. All students were
scheduled to leamn all alternative 3D-CAD FOSS which are selected from simplified QFD as block course.
At the end of course, all students must complete the questionnaires that were initiative from the selected
criteria of simplified QFD.

6. Results
6.1 The Result of Exploring and Establishing a List of Alternative 3D-CAD FOSS for Selection to be

Used in Mechanical Engineering Education

The voices among makerspaces in social networks exhibited that the most popular votes of 3D-CAD FOSS
are FreeCAD and OpenSCAD. Authors verified the votes by analysis the number of downloads software
via SourceForge platform. Figure 3. shows that FreeCAD has achieved 4,753,860 downloads since

registering in 2003, while OpenSCAD looked contrary to social vote with just 9,307 downloads since
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registering in 2019. Although the number of downloads does not mean that the software is used by
makerspaces after downloading exactly, it can imply the potential to being 3D-CAD FOSS for makerspaces.
Especially in Thailand, download statistics from SourceForge exposed that FreeCAD (32,970 downloads in
Thailand) is more popular than OpenSCAD (24 downloads in Thailand) significantly. Authors believed it is
because FreeCAD is a traditional GUI based parametric modeling where 2D profiles are sketched and then
are transformed into 3D solid models by specific tools, so people should be familiar. While OpenSCAD is
programming CAD in which 3D solid models are built via script-based language. This contradicts the natural
inclination of people to communicate the shape of objects through drawing rather than through typing.
At this stage, FreeCAD was the possible 3D-CAD software that passed the screening.

FreeCAD Download Statistics by Sourceforge
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Figure 3. Download Statistics of FreeCAD and OpenSCAD via SourceForge Platform

Although results extracted from Castro et al. (2019) showed that rattleCAD, BRL CAD, and FreeCAD
are the top three of 3D-CAD FOSS downloaded from SourceForge platform, the authors found rattleCAD
scoped as specialized 2D parametric CAD for design bicycle frames only, it could handle 3D by exporting
a macro that need to be linked to other 3D-CAD software such FreeCAD or OpenSCAD (OpenSCAD, 2026),
while BRL-CAD was mathematically accurate 3D-CAD software that heavily specialized in the defense
sector and ballistics simulation (Rosenberger, 2026). Hence, rattleCAD and BRL CAD were cut away from
the research framework in terms of 3D parametric creation and general used in mechanical engineering
education. Additionally, the authors validated using both FreeCAD and OpenSCAD by discussion with the
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second-year students (most students were vocational graduates and almost were already working in
industry) in the subject “Engineering drawing”. They chose to use FreeCAD if possible and denied using
OpenSCAD due to avoiding script-programming. At the time, they also feedbacked on 3D-CAD FOSS they
have used for work normally or even for hobbies. Surprisingly, the survey results coincidentally aligned
with research by Junk & Kuen (2016) which pointed out using some FOSS such as SketchUp, Blender and
Autodesk 123D. Certainly, those software have been widely used for makerspaces in Thailand as well. At
the time, the license-free 3D-CAD software that was being used at authors’ institute was Autodesk 123D.
Although Autodesk's official support for 123D Design is over today, it is still available to be downloaded
via Autodesk community and can be used until today. While SketchUp is free only for people without
business expected, but is not free for educational institutes, Hence, Sketch is cut away from the research
in terms of licensing fee. Finally, three software were included in the evaluation and selection: FreeCAD,
Blender3D and Autodesk 123D Design.
6.2 The Result of Exploring and Establishing a List of Proper Criteria which is Used for Selection of
the 3D-CAD FOSS to be Used in Mechanical Engineering Education

Authors extracted selection criteria for 3D-CAD software from a few selected papers (Okudan, 2004;
Prasad & Chakraborty, 2016; Junk & Kuen, 2016; Di Donato & Abita, 2019, Ozsoy, 2020; Hebebd & Maya
Hebelbci, 2021; Gaha et al., 2021; Kantaros et al., 2022) and could summarize them into a list as Figure 4.

o . . Okuda | ISO/IEC |Prasad| Junk | Donat |Ozsoy, |Hebebci|Gaha et |Fusiripon|Kantaro
Criteria which are referred in the n,2004| 9126, | etal, | etal, |oetal | 2020 | etal, |al, 2021 getal, |setal, |Count
literatures 2001 | 2016 | 2016 | 2019 2021 2022 | 2022

3D parametric function includes
engineering capability such as Yes Yes Yes Yes Yes Yes Yes Yes 8
assemblyand 2D-drafting
Li ing free includes hard

|cer‘15|ng ree inclu 'es ar war'e ) Yes Yes Yes Yes Yes 5
requirement and maintenance (investing)
Ease of use includes friendly GUI,
tutorials, training, and language (learning Yes Yes Yes 3
curve)
Special capability such as animation,

Yes Yes Yes
rendering, analysis and CAE 8
Interfaces for data transfer such as STP,
STL, OBJ that available to connect other Yes Yes Yes 3
software
Available multi-OS platform Yes Yes Yes 3
Accessibility via int tinclud loud
yV|‘a internet includes clou Yes Yes P

and collaboration

Figure 4. Summary of Selection Criteria for 3D-CAD Software

Regarding to the Figure 4., it was indicated that the “3D parametric function” for creating the
precise geometric features was still being most essential criteria (with 8 tally). Although the “License fee
and investments in high-performance hardware” were also crucial criteria for commercial packages (with
5 tally), with the expectation of this research on using FOSS which should be inherent affordability, hence
authors decided to cut this criteria off the evaluation. “Ease of use” seems to be a secondary importance
(with 3 tally), however, with the aspect of using FOSS, it was not only about friendly GUI or familiar menu.

But it was about friendly user manuals. As discussed with students in “Engineering drawing” class about
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the expected 3D-CAD FOSS, almost looked desire to use them, but they appealed lack of proper tutorial
availability merely in Thai language. Authors believed this is the most disadvantage of FOSS for Thai
students. Authors thought that the junior students who use 3considerationare probably not expect to
use “Special capability” (with 3 tally) such as motion analysis at the second-year subject of “Engineering
drawing”, however, authors kept this criteria for considering by other stakeholders in the brainstorming
session. The authors disagree with summary on criteria “Interface data transfer” (with 3 tally), as surveying
via social networks, “CAD-file exchange” indicates it was one of the most important criteria especially file
exchanging among makerspaces who applied the different FOSS. “Available multi-OS platform” was the
most dominant of general FOSS and it should not be requested to the new software development
anymore. For final issue, “Accessibility via internet includes cloud and collaboration” (with 2 tally), it
looked appealing to some new generation students. For Thai, however, except the problem of unstable
of internet connection, cloud-based applications probably not user-friendly for someone. The authors as
a former generation would not comment here but deployed this criteria into QFD for brainstorming in
which students must be joined and voiced by themselves.

6.3 The Result of Presenting a Method for Selecting the Most Suitable 3D-CAD FOSS for Mechanical
Engineering Education by Using Simplified QFD

a
QFD for selecting the open-source 3D-CAD a § -
S| % |2
-
Selected criteria Critela) = 1 g | =@

score <
3D parametric function include engineering capabilities 3 3 1 1
such as assembly and automatic 2D-drafting 9 3 3
Ease of use include tree, friend GUl and menu, teaching 3 2 1 2
tutorials & materials especially in Thai language 6 3 6
Special capabilities such as animation, rendering, 9 3 1 1
engineering analysis both mechanism and CAE 6 2 2
Interface for data transfer such STP, STL, OBJ that 3 3 2 2
available to connect other software 9 6 6
Accessibility by internet and cloud that facilitate the 1 1 2 1
collaboration 1 2 1
Total Score 31 | 16 | 18

Figure 5. Complete Simplified QFD for Selecting the 3D-CAD FOSS

During the 8 hours-brainstorming session (4 hours in the morning and afternoon periods), authors
observed that, in addition to the research team presenting information on alternative software and
selection criteria from point 5.1 and 5.2, participants exhibited two distinct behavioral patterns. The first
group, exhibiting significant input and demonstrating a certain knowledge about 3D-CAD software,
consisted of student representatives and representatives from academic affairs. The second group, which
did not raise any negative opinion and readily agreed with the majority, consisted of representatives from
financial and Head of computer and IT systems section. By overview of the brainstorming session was
smooth and positive. However, some participants had some confusion about the scoring and struggled

to visualize the concepts presented. At times, the researchers had to present videos demonstrating about
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CAD-file exchange between software packages and specific applications such as finite element analysis
and 3D printing via YouTube, leading to revision of the simplified QFD many time throughout the session.

The completely simplified QFD decision matrix obtained from the list of possible 3D-CAD FOSS
and the list of criteria for selection of 3D-CAD FOSS as shown in Figure 5. Results obtained by simplified
QFD showed that FreeCAD got the highest score (9+6+6+9+1 = 31) that was identified as the most suitable
3D-CAD FOSS based on considered criteria, followed by Blender (3+6+2+6+1 =18), and Autodesk 123D
Design (3+3+2+6+2 = 16) respectively.

Finally, all participants recognized and agreed to validate three selected 3D-CAD FOSS by real
teaching experiment to ensure their consistency, and discussion about teaching plan as explained in 6.4.
6.4 The Result of Validating the Alternative 3D-CAD FOSS Obtained from Simplified QFD-Based
Selection Method by Real Teaching Experiment and Student Questionnaires

Results obtained from complete simplified QFD decision matrix that was validated with students'
questionnaire after teaching experiments on three 3D-CAD FOSS namely FreeCAD, Autodesk 123D Design
and Blender. 8 students were scheduled to leamn three 3D-CAD FOSS throughout 12 weeks (4 weeks for
each software). As consulted with students, although students could complete the assignment to create
3D solid model by using those three alternative 3D-CAD FOSS identically as shown in Figure 6., but they
complete it with the different efforts based on each software. FreeCAD and Autodesk 123D Design could
work in 3D parametric style for precise engineering objects. While non-parametric modeling software like
Blender is more focused on sculptural objects, dimension and shape cannot be controlled identically.

dupiiuin 3 Shewinghuie W (danowdunons) FovorderfdWTiwey ~ LF Poture - Preecan 100
w0 uf el s T (Laport) dadutid sTL Fle dt View Tools Macro Sketch PatDesign Windows Help

AEB SR [ QRAD-AG-@-S ‘AUTODESK'

i STaASAT oNNaASLB O LddE 1230°DESIGN  ~
= ' ‘ 3 2
\ | v @ @ Body
o~ [ ;
. A ‘ ‘hgn«tm
) ( A
\ \ ©
q : B
\\\v[// ‘ a 4
\ ‘/‘ £
\ ,/’ ’

Figure 6. An Example of Assignment to Create 3D Solid Model by Blender, FreeCAD and Autodesk 123D

By overall survey, 8 students unanimously voted FreeCAD as the most suitable 3D-CAD FOSS for
use in mechanical engineering education, achieving the highest score of 143 from total score 192 (or
74.5%), as shown in Figure 7. and Figure 8. Therefore, verifying the consistency of the scores is
unnecessary.

However, upon closer look in details, it can be found that FreeCAD rather be good for “parametric
function” and “interface data transferring”, but it rather be dropped for “ease of use” about GUI and
especially worst about available tutorials.
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Figure 7. Total Students' Vote After Using Three 3D-CAD FOSS (FreeCAD, Blender and Autodesk 123D)
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Figure 8. Personal Students' Vote After Using Three 3D-CAD FOSS (FreeCAD, Blender and Autodesk 123D)
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Figure 9. 2D-Drawing with Dimensions of Another Assigcnment that Obtained from FreeCAD “TechDraw”
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Students also complained that Autodesk 123D and Blender could not provide formal 2D-drawing
which needs to be used for manufacturing as they obtained from FreeCAD via “TechDraw” workbench as
Figure 9. This is the main disadvantage of Autodesk 123D and Blender for mechanical engineering
applications. Students also commented that FreeCAD has some special capabilities that Autodesk 123D
and Blender lack, namely “FEM workbench” for finite element methods. Although students do not use
this capability even do not know their performance right now, however, they know that they will take
this courses in the next academic year, and they noticed FreeCAD has studying aids for the courses in the
FreeCAD menu.

7. Discussion

The authors follow the concept of Okudan (2004) by providing effective teaching materials, focusing
primarily on basic functions with sufficient examples and exercises before conducting the teaching
experiment. Although the authors were not concemed about the time to complete the assignment as
his research, the students in the teaching experiments could create 3D solid models completely by using
three alternative 3D-CAD FOSS. This can confirm the need for a teaching manual for 3D-CAD, either
commercial software or FOSS. Some students also reported that, in addition to the user manual prepared
by the authors as their instructors, they could search the ways to use the 3D-CAD FOSS through other
channels, mostly videos posted in YouTube. They reflected the main problem of using CAD FOSS,
especially FreeCAD and Autodesk 123D, is lack of comprehensive tutorials in Thai, unlike other commercial
CAD software. Most in-depth tutorials on special capabilities of FreeCAD are in foreign languages other
than English that lead it more difficult for Thai beginners. Therefore, it points that successful
implementation of 3D-CAD FOSS such as FreeCAD depends on responsibility of the instructors, who need
to dedicate sufficient time to preparing effective teaching materials based on basic functions. Then
students who are familiar with the basic functions should be able to build upon this by exploring
advanced features independently.

The authors also applied the concept of Okudan (2004) in which software-selection criteria should
not be limited to a few experts but should involve all stakeholders. Authors applied this concept to QFD
that contrasts with the work of Prasad & Chakraborty (2016) who developed QFD developed from Visual
Basic to ensure independent selection by each individual, believing that each selector would not be
swayed by others even selectors have not in-depth technical knowledge of the functionality, capabilities,
cost-effectiveness, and suitability of the CAD software. Instead, authors created and implemented
simplified QFD in a face-to-face environment among diverse selectors as stakeholders to avoid
incompleteness of selection. Although the authors found the situation in which some participants readily
agreed with the majority as Prasad & Chakraborty (2016) commented, there is nothing to point which one
is correct, the results obtained from teaching experiment still imply successfulness of using alternative
3D-CAD FOSS selected by simplified QFD.

There is an issue concerning software versions. FOSS can be updated frequently without prior
notice. In this case of FreeCAD, it has been updated three times in the past three years, and it may no
longer be possible to download familiar older versions. Furthermore, the new versions may not be
compatible with older operating system. This means users must constantly monitor its updates, both in
terms of downloading and trying out new versions to familiarize themselves in which some functions may

be changed or even cancelled (which often leads to updated teaching materials) and the possibility that
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some FOSS may be discontinued such as Autodesk 123D, which can pose a significant learning risk for the
beginners. However, for at least, download statistics as shown in the previous Figure 3., FreeCAD has

achieved 4,753,860 downloads since registering in 2003, this confirms its sustainability to a certain extent.

8. Conclusion

Establish a list of alternative 3D-CAD FOSS and a list of proper criteria which is used for selection
of the 3D-CAD FOSS to be used in mechanical engineering education could be easily performed by rough
surveying and screening via various social network-channels especially makerspace communities who are
exhausted about FOSS. The most benefit of information obtained by social networks is fast recognition
about technology trend, but it must be weighed with reliability. Therefore, they need to be validated by
results from research papers.

Certainly, simplified QFD still needs reliable information from both ways. Application of simplified
QFD for Selecting 3D-CAD FOSS that is presented in this research can be used to evaluate and select 3D-
CAD FOSS reasonably, because it is a powerful tool that can be implemented in concurrent engineering
environment among stakeholders.

The consistency of the selected results obtained from simplified QFD can be finally validated
through the real teaching experiments that can be evaluated by assignment and examination during the
class or even questionnaires at the end of the course.

While educational institutions achieve the goal of providing the 3D-CAD FOSS, students themselves
gain awareness of the methods and experiences in selecting FOSS, which is likely to expand and become

more diverse in the future.

9. Recommendation

Authors just aware of an interesting criteria during the teaching experiment namely “sustainability”
of the 3D-CAD FOSS. This is the criteria that concerns the existence of FOSS in the future. The existence
of FOSS usually originates from someone independently, moving on among specific communities, often
lacking financial support. Membership within these communities is informal and free from business
obligations, resulting in development and modifications that are largely unregulated. For example, version
changes can often happen without being announced in advance, or development can suddenly cease
without explanation. This is significant risk for those seeking and using FOSS, especially for Thai users who
face against difficulties accessing it at the first time due to language barriers and limited user manuals.
Investing effort and time in FOSS but finding it discontinued would be severe loss. Therefore, the authors
think for this criteria should be continuously studied.

Authors admitted that this research did not use this research problem by comprehensive tools of
multi-criteria decision-making such as AHP, ANP, TOPSIS, PROMETHEE, ELECTRE, VIKOR etc., because of
the limitation of time that committed to institutional executive. Therefore, the authors paved the scope
of this research as case study research. For at least the authors could recognize some insight into this
research problem and can be continued more comprehensively with FOSS for CAE application in the
future.

To further enhance students' proactive use of 3D-CAD FOSS in their learning, starting with
conceptual 3D drafting in mind, creating and modifying the 3D model via CAD software, culminating in

the real production of tangible 3D workpieces, the author used a freeware 3D printing software; Creality
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Print (Creality, 2026) to print the students' CAD files from the teaching experiment as shown in Figure 9.
The author observed the students' enthusiasm when seeing on their real workpiece, evident in their
discussions.

Online Models Prepare

Figure 9. Real Workpiece is Made from the Tested CAD File of Student by 3D Printing

This reflects the possibility that incorporating 3D printing into CAD teaching would make studying
more enjoyable for students, fostering further learning and allowing them to envision the future of open
design (OD) technology. Institutions themselves might not need to invest in expensive CNC removal
manufacturing machines such as CNC milling for teaching; instead, they could utilize much cheaper CNC

additive manufacturing such as 3D printers. This issue, however, should be further researched.
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Abstract

This study aimed to (1) analyze museum and exhibition design principles suitable for the local
cultural context of the cultural exhibition space at the Creative Cultural Park, Rajamangala University of
Technology Isan, (2) develop a 3D cultural exhibition model to communicate local cultural identity, and
(3) evaluate the suitability of the developed 3D model and synthesize guidelines for applying AR/VR
technologies to enhance the exhibition. The study employed a Research and Development (R&D) design
using an exploratory sequential mixed-methods approach Phase 1 comprised document analysis, site
analysis, and semi-structured interviews with five experts. Phase 2 developed and refined the prototype
using SketchUp and Blender. Phase 3 evaluated the model with 370 faculty members, staff, and students
selected through convenience sampling, together with expert evaluation (n = 5) and behavior mapping.
Data were analyzed using content analysis and descriptive statistics, including Mean, Standard Deviation,
frequency, and percentage. The findings showed that the integrated use of contextual learning,
constructivist learning, participatory design, and user-centered design provided an appropriate basis for
the cultural exhibition design. User evaluation indicated a very high level of overall suitability (X = 4.83),
with cultural interpretation and local identity receiving the highest mean score (X = 4.94). Expert
evaluation also indicated a very high level of overall suitability (X = 4.83), while the technology dimension
received a comparatively lower but still high rating (X = 4.00). Behavior mapping further showed that
95.7% of participants discussed exhibition objects with others, reflecting active social interaction. The
study contributes an integrated Input-Process—-Output framework that connects local cultural context,
learning theories, participatory and user-centered design, 3D exhibition development, and AR/VR

application guidelines for educational and community cultural spaces.

Keywords: Exhibition Design, Cultural Exhibition, 3D Cultural Exhibition Model, Contextual Leamning, AR/VR
Technologies
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Tassaagfidenny 5 518 szeeil 2 FannuasUsuussumuuselusunsy SketchUp uag Blender wagszezil 3
Uszilluwuulaegldusms 370 au loun 913158 yaa1ns uazlindnul Aaiendign1sduieg1esmualLasaIn
il’JiJﬁ’Uﬂﬂi‘lJ'iSLﬁuIWEJEEL%EJ’J‘U’]QJ, (n = 5) uaENSFUNRANGANTIU (Behavior Mapping) N153tATIYIToyaldnIs
Anspidomuaraiidmssuun T Aieds dudsavuinmsgiu sl uasdosas nanmsifonudn nmays
UINITHUIAANSITEUTAMUTUNIETAUTTTULAE NN NMTIT8UIHULATINBIAANS MIBanlUULUUTdI
7w waznsesnuuuiiudlduinsifuguinaradugiudmsunisesnuuuinssansdeimusssy nans
Usziliulaeglduing nuin anmwsnzaulagsisegluseduiunn (X = 4.83) lngamunisinuuagsndnuainig
Fausssuflriadogsgn (X = 4.94) drunansuszifiulaegidongegluszAufniduiu (X - 4.83) yuzfisy
nslfinaluladfidndomnidhuduusieglusedud ( = 4.00) nansdansmg@nssumwuin fideudesas 95.7
fin98 videymaeiRsatuingluinssanissududdu avfeunmsiujduiusmedmlussdugs sniddeiiaue
nsaukIAALULTaT BN -NIEUIUNIS-HadNS (Input-Process-Output) i exlesuiunamsssy QBN
Weug n1seanuuukuudaiusiuuaziidud b nswauiuuingsan1siiass 3 46 wazwuinisuseyne by
wielulad ARVR dwsuituiimaeudluanitunisfinyuasguuriosiu

AYEIAgY: N150BNKUVENTIANTS, INTIANITTITAIUSTIY, WuUllnTsAN1591a0e 3 4F, mn%auimm%w,
walulad AR/VR

@ @@@ Copyright © 2026 Journal of Computer and Creative Technology. This is an open-access article distributed
NG_ND under the terms of the Creative Commons Attribution License (CC-BY-NC-ND).
AM58199:
avsdng Saulsenmsse, Yaan ASENSIRY, UaE NVAYNS UATY. (2569). N1seanuuukasiaukuLingsAn1sdaes 3 dAd
Tuusssy o gneuimusIsuasnaassa wn‘mmaﬂmmiuiaﬁiwmmaﬁmu. 15875 0UNUNDThALAIUIATAT19FT5A,
4(2), e4203. https://doi.org/10.65205/jcct.2026.e4203
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1. uni (Introduction)

Tugaddviafimaluladdunumddsonsdeasuaznmsousniinmsssy maluladanuduaiaaiou
(Virtual Reality: VR) aa13nduasauasy (Augmented Reality: AR) Lagnisas1ea ndiassaidouase (Virtual
simulation) lénaeiduadesiiofifiuszansamgslumssenuuuuasimuuiidauans (Parry, 2010; Bautista,
2014; Wen & Ma, 2024) uaﬂmﬂﬁiuﬂ%umaaﬁaUf@uuﬁiiuﬁm?{uﬁgaLfiuﬂ'mhLauaﬁmﬁﬂwdamaa%ﬂqaﬁﬁ
wazd iy (Bekele et al,, 2018) N159DNLUUNNTIANITINEDY 3 AR ﬁﬁwLﬁuﬁawjiwmsﬁqﬁﬁqw%mw
(Aesthetics) 9350Uszlavtn1un1slddas (Functionality) hazAuaonAd a3t UUTUNMISTMUsTSH (Cultural
Context) Wndhefussauna ilemevausinudesnmsvesfidhmlugatagdu

Aud s wninedomaluladneuseadany danitu a orasgaamngsu 2 dedunalnduindou
NuITghazuinnssunuday TausTsuvesdmianuass1¥dun (Office of the President, 2023) 81A5ANE7
uonnazdaudAymelsyiRrmansanmsanansesvadulud we. 2507 uar Judufedwantnunssy
aﬂaiw;iﬁimmLﬁiuﬁwmiﬂizqﬂmﬂ%’i’a@ﬁu?{u U A3 esduRuEnAA e (Wongsalee, 2017) viail wiiiluiidn
LaninsIAN I U BuIUIA 150 M1amns szgaldeuegisdeidonfieriausnacunazazieuainy
NANNAL V0 TAUSTIUIATIY UAAUTIIMIEEAYABNTETNENAATENINNTINYIAMAINIANYNTIMUSTINTY
msUszgndlfinaluladasioll iileaiaszaunsalnsFeusiisinnumneungitrva (Rujanapan et al, 2023)
et siauuuuingsanissiaes 3 §f iledwadesdiolunseenuuuiineulandiisnsdeanssndnual
viosdu msdaeiumsiidusin uaznsenseduUssansamnsdnuansegiedsiy

Fosfamenenmyesnisdadnssanssuuuudadu dwalimsianiwuinssanssiass 3 83 (30
Exhibition Simulation) naneidulassasrsiuguaiviaiiddalumsimdudesidasuiuiivazioa maudey
rrugsUuuuassadiouatell uenanagteiiudaruannsalunisidids (Accessibility) inuuwanmasu
ooulall iloverelonalsiuafitrenszeglnauds Sudunagnsddalunisiganguausuln (Digital Natives)
Tdhfauardmduduusanmetansssiesdu Selunindu maysannameluladanuduaiaaiy (AR) uaz
anudusiuaiiou (VR) Whduuuudiaes 3 97 Ssdheuiudsuunumueseuainnsiuidedu (Passive
Viewing) lugnsiiufduiusiiesn (Active Interaction) Fadnanmusanaluladiadiousssfanan szdionsedu
M3¥udidedn ilnannzandaluntaFeud (Flow State) uaza¥ensuaiiuiuidom suthlugmsfienuuasnis
ausnuRmuAvesdnanvalmIuusssuliegulugussu

a84l5fR annsAdunufiniuunudn ‘ﬁuﬁ%ﬂLLﬁmﬁ&ﬂﬁl’nETGUSS&U‘{]iyﬂ’]ﬁ’]ﬁiyj[,Uﬂ’ﬁ‘U%W]ﬁfﬂﬂ’]i
fufitnssansmyuiou esnuadeaguiuuuuulauagnisinneiiiugUssauaioni dwaliiAnai
Aomanslunisinseingiauans mslduasaieitliumnzan enadmaidesodednuans saidsnisivaisuvesdvu
(Visitor Flow) flAnAnunesnuasindaluunsgs dlundidu nsufudsuguuuuinssamslusasadainges
aoafinaosgnluiiuiiads viliAnauddn sumulasedafuvesemssnuamUsy Rmans wasnoliin
sutsznauuvanelaglisidu Uszneutunisdomsuumaansdnuansseminainesnuuy yuvy uazguims
Fanaiaiesiodasinmiaiiouaiaidniau shlinsdieven “Sndnwaimeimussslasy” gnanveuas wagll
anusofsgaauaulavesdidivugafdvialieguiuyssavaam

uenng uifaziimsfinwinsliuuudiens 3 ﬁﬁiuﬁﬁﬁﬁm%ﬂl’ﬂﬂ LAfIANSANYTIYIANNTIENINS
dedriipvesenmsenying 'msdemssndnvalviosfuanziu (n51v) uaz weluladfdvadddney Whiedu
oghafuszuu dafu nuideifafienusuluediets iWeTavesiedenan Tagldismeiaunanuesnuuy 3 59
(3D Perspective Modeling) L‘UumiawmwLquLLasmaadan’lwmmaauLauau%ﬁﬁﬂaumiawaﬂgumw oy
HwantoRianain anduyu uazensziunsdeasusanmaiansssliiuszavsnmwgea

aslviuazaruilanuesuddeil (Research Novelty) aginnsthiauonsauuuInisnsooniuy
ANIIANTUVUYTUINTENUAR (Tri-Integrated Exhibition Design Framework) Fafimtunisldnmsiaes 3 i
iemstiauevindlenmiialy lugmslduvudiass 3 ffduaiesdloussiiusazuidamuddoundoniily 3
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@ leun (1) ianseusnanUnenssulseifaans nelddedninveternisepaivngsu 2 (2) fnsianudn
dnwalimusssuiesiulaswsitugunionmswadio uas (3) ddmsesnuvulsraunsalfldrinumaluladndiia
Bsldnou Feosdanuifivmunduiaunsoldidunmuuusieosiuuuudmiunsiauiud dauanmng
Sansssuluaansunisfnwdue dely
2. :J'ﬂqﬂisa\‘iﬁs‘i’ma{fﬂ (Research Objectives)

1. WiedinsesivdnmsesnuuuiifisAnsiuasdnssansiunzauduuiuniansssuviesiu

2. iesannuuuinssansdaes 3 17 lumsaenensnanuaimsinusssuviesdy

3. ifloUsziiunnuminzanvesuuuingsansiaes 3 i Afaun wardunsziiuimansuszendld
welulad AR/VR Liteensedun1sdnuans

3. mivmmu’aiimﬂswuawqwﬁﬁlﬁ'm%’a& (Literature Review)
3.1 walulagfdnauazuuudngad 3 dntun1saysnduazinuansusannus sy

Tuthyiu weluladadvialiunumddyesneddunsiudswhuifissusinnuiiusuringlugiui
Lmumil,%'auiﬁﬁﬂﬁﬁmﬁuﬁ‘ (Bautista, 2014) n15lguuudnaes 3 8@ (3D Visual Simulation) wagwmaluladiaiiou
239 Tuuidovas Wen & Ma (2024) Fliiuinnnslddesfadiifouasmaluladmsfouiifedndioonsedu
Usgaunsaivesidrsn liidovmeTaussauidudoudilaldieuaziraulamndu uonaind nnsld
walulad Immersive fatapaing “anniglvadu” (Flow State) lumsiFeud vilsifuifnanuandeuasdudusn
dnwalneTmusssulaegnesiiusz@ndnan (Ifeanyi, 2024; Roussou, 2018) a1ndalatussumanaluladaingn
nuATeiFajsrgndldivaluladuuuysanms Tngldwenduasaiuuudiaesnim 3 37 iledrnedlnssadnauas
anmuwaindouiaiionasawefi uii dauansuuin 150 aMs10ans a qusTaussan Auglufuntsaunui
walulaganudusiaasy (AR) wazaudusiaaiou (VR) wildidunalandnlulauufduius (nteractive
Zone) mavszgndldmaluladman it mneiouvasiommeimusssufiesiu 1y amasfaunssu vio
Usedmans Tinaneidudeddviadsliney sgdiodsuiiuuszaunsalvesidnanannisivaismaien
(Passive Viewing) ludn1siidausiui@iegn (Active Engagement) LLaza%'Nam‘wmé’auﬁLﬁyaﬁiamﬁﬁ'smiuwa%’m
aadmuImenuedldegnlugusssy
3.2 negmsiFeudluuiuninsiaeiuazingsanig

N1599NUUUINTIANTTT TUTEANS A peeg vuil uguremguinisifous Tnsanizuuiin
Constructivist Learing Theory 984 Hein (2012) fldoingauaiisasdruimenuasiulszaumsaiaznis
\Fouleafudsiifeyifin aenadosiu Contextual Model of Learning w84 Falk & Dierking (2018) flagungins
BoudluRfisiusiAntuangadaues 3 U3un Ao Uiuvduyana (Anuaulaify) vTunvnedsen (n1sufduiug
AUBL) LarUTUINIINIBAIM (A mWandouLarn13eeNKkUURLA) M3thuwAauarduldlunmsoenuuy
Inssensideiamsssy Hrelifeenuuuannsaanadunmsiiouifinevaussronumainvansvesidiiv
wazduaiuliinnsinruanuraneynefausssulussAufiandadedu (Lew et al, 2019; Soren, 2009)
3.3 N1999NLUULNTIANISHAZINISANISAINEG (Exhibition and Digital Exhibition Design)

nsepnuuUinsIan el Beuhunmafudfesiuiitannaing (Object-Oriented) lgniaifu
HufiadreUszaunsal (Experience-Oriented) fianndmenssuuarnsiaisesdosiausausueg1adidoddy
(Tzortzi, 2015) InglannzegeBensoonuuy “dnssanisaavia” fysannisaninenssuneludhiumelulad
ansauwea (Parry, 2010) nsdednsseanishavialdlimunedsnisieenmandswnutednssansuuuiy uife
nseeNUUUUFANUS (Interaction Design) fioyaalvigvuivundumsnisiuidoyasemuios (Non-Linear
Narrative) n1slddeUszan (Multimedia) luiiufidaes 3 7R Faenanededitanameninvesiuiifnuandae
ylsannsmiaueidonmsasssuiidudoulinane ulsraunsaifianguuasidndsldietu
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[J

3.4 nMsoanuuuiiiugldilugudnans (User-Centered Design: UCD) Tuu3uniinssanis

Y
Y &

mseenuuuiugliifuaudnans (UCD) iuusvgnseenuuulinrmddyfunieanis nganssy
wazdasiiaveldnulunndunouresniswam (Norman, 2013) 1ievuuAn UCD udsegnildlunis
ponuuUingsans asdumsiregaguinansan “dei fuminddesnsdoas” undu “3Fagvuazanunsoi
anudrladeniléfifian” nssuaumsiizondedifoonuuuiesimudlangutimeoswdnds Empathy)
TuaAdei Ao nque1a1sd yaains uaztindnw ans Saiu Welinisdanedsiudl (Layout) msvenuuudn
AnsaRl¥a1u (User Interface) uagmsfmungaufduiusluuudiaes 3 {f deandesiunginssunisisouiass
vosfiinuy Hreananududeunistia (Cognitive Load) wazifinuszdnsnmlunsdearssndnuwainis
TWUTITUOE9E9ER
3.5 N19EATIEVIUATYD9I19VRIR9ARNS (Synthesis and Literature Gap)

nnmsdaaTiazilisuiisuissunsuiietesiunisesniuuinssanisiiass 3 fAGeTausssm
wui1 sddelueindnlvajgadiunisinunsdlansaiviadunsians 1wy mejadunsimuimaluladam
1009 3 DAfleruausdadsvimufatifiosegiaien (Visualization-Centric) wamsanumsldimaluladiaiiou
933 (ARVR) Tufifissausivunalngifianisidenlosiuuiunaninenssueyinyuassnanvalviosiulanziu
falundrdy swddednlugdaanmsduaneianuduiudsening “rquinisfeudauuiun” (Contextual
Model of Learning) “nszuaunisesnuuui iuglfidugudnans” (UCD) waz “n1seysndanitnenssu
Usgifmans” iidmeiuegralussuy

Fefu Ao adun Waiudesinamisivnis (Academic Gap) lABN15LaUD “NTOULUINIINIS
PONUWUULNTIANITUUUYIUINTANUAR” (Tri-Integrated Exhibition Design Framework) g ouloeszndng (1)
msutdgmdeditanandnenssuresennsuseiRenans 2) nsanenendsndnualiausssuiesdulaswniiu
qunisnmsaasiy uas (3) msldmalulad 30/ARAR ensydunsiSoudidddanevvesdlduing Fadunns
wasuunAndmguiluguuusassdiuuuy (Prototype Model) fiansnsniiluuszgnaldauldasaiduis
UURNSUaLBNING

4. ASAULUIANUIIY (Conceptual Framework)
n93dbidaaneinseuuuIAndeszuy (Systems Theory) Saufungufiniseenuuuuaznisiiousids
Tausssu lagunaninuduwus 5211979380 (Input) NSz UIUNITWAIU (Process) LazNaa W
(Output/Outcome) il
1. U298ut1 (Input Factors) laun
1.1 HademanieninuazTausssusied ulasy @n1muind onuazeddUsznouredeins
MENNTTU 2 Uavdnyae IMUFTIN)
1.2 gufn15seusiBeiausisu (Contextual Model of Learning ¥84 Falk & Dierking (2013) uas
Constructivist Learning Theory 984 Hein (2012)
1.3 wuAAN1598nLUU (User-Centered Design U89 Norman (2013) kag Participatory Design
989 Simon (2010)
1.4 weluladAivauazdelmi (3D Visual Simulation / AR / VR)

2. NSTUAUNTNAIUT (Development Process) WIUATEUIUNITODNUUUITELAZAAIU (R&D) wag
nsTuumMsd ATz iuTiaantinenssy (Spatial Analysis & Diagramming) Usenausie n1siAs1zst Site
Analysis, Bubble Diagram, Function Diagram, Circulation Diagram ia¢ Interaction Diagram LﬁaLLanqwﬁ
luguuAnmsinassitui 4 Twundn (rudousu Teudauanmdn Tsuufduius uazlvufanssuiad)

3. nanARLAZNAGWS (Output & Outcome)

1.1 waw@n (Output) lawn wuulingsan1saass 3 ARG TwLsIsH (3D Visual Simulation Model)
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1.2 wadws (Outcome) laun nsenseAumssuivesldusnstu 5 4@ loun vsunmsieuiuas
Audnte, Malidmsiy, nsdeansdnanvalinusssy, Ussaumsainiaensunl, uaskadugnsnsiteus sauds
MskannkuuTaesuluy dmsunsiaunundatansluanidunisfing

INPUT

- Physical Context: 150 sg.m. area, Industrial Building 2, and local Korat culture
- Learning Theories: Contextual Model of Leamning & Constructivist Theory

- Design Concepts: User-Centered Design (UCD) & Participatory Design

- Digital Technologies: 3D Visual Simulation, AR & VR Technologies

DEVELOPMENT PROCESS (R&D)

1. Analysis of Expert Interview Data and Spatial Data

2. Synthesis of Spatial Layouts: Site Analysis, Bubble Diagram, Function Diagram,
Circulation Diagram, & Interaction Diagram
3. Development of 3D Models: Using SketchUp & Blender, with the space divided

into 4 zones
OUTPUT & OUTCOME

OUTPUT: A 3D exhibition prototype at the Creative Cultural Park,

Rajamangala University of Technology Isan

OUTCOME: Five evaluation dimensions including 1. Learning Context and
Understanding, 2. Audience Engagement, 3. Cultural Identity Communication,

4. Emotional Experience, and 5. Experiential Learning Achievement

Figure 1. Conceptual Framework for the Design of Cultural Exhibitions at the Creative Cultural Park,
Rajamangala University of Technology Isan
5. 35AIU9UIY (Research Methodology)
5.1 sUWuUMsIY

AT TunsITouasiainn (Research and Development: R&D) Tngldmsidonuunaunaudeedisa
AWEIRU (Exploratory Sequential Mixed Methods) 1l aldayaifanaunimanuIunuagsidsrvaygniily
Fuangimdudemvuanisesnuuy neunauikazyseiiuuuuingsAnisinass 3 47 msauduniswuady
3 svey Tngluunaruidlden “wuuinssanssiass 3 §7” mnedfunuuisvavesiuiidnuansiildnaaeuts

¥ '
A A

Wi susuuMstLade waraauduiusneunisuiluldasa
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5.1.1 sveil 1 MFATeITequawuaznnsiiasziuiun (QUAL/ Analysis Phase)

Tuszezil Uszneusae (1) nshnseiionansiieniu Contextual Model of Learning, Constructivist
Learning Theory, Participatory Design wag User-Centered Design (2) ﬂ’lﬁLﬂiwﬁ‘ﬁuﬁﬁ'ﬂuamﬁwmﬂ 150
PITNLAT U Ui TRUsTIN 8MTgRAMNTIN 2 iniverduimaluladnuueadaiu Ywinuasavdnn
maumammﬂwum uas MssEUIgeMA lasaaineenans uazdedrinnislia uag (3) msdunvaifdlasaie
Flmmgdu 5 118 fednidenuuuinnzadiaseuaquarindsigiunsosnuuuinssans/Afssael
wazduAaUausssuriesiu lasfinnsananussaunmsaivionasuiiifeades doyarammeiiasieiidae Content
Analysis \iedauasz Design Requirements ey Design Concept
5.1.2 52857 2 N150DNUUURAZNAIUN (Design and Development Phase)

ALuN19UY Design Requirements wag Design Concept ﬁ]’lﬂiwﬂy‘w 1 ARILMUUTNTIANTINE0e 3 :um
Taggndunisidudiuainnisesnuuudei ui kazidunis nafvuegaududiug nsadrsFuLUUTud 1
(Prototype V1) ﬂ’lﬁmiaﬁlaauimawuafmm LLaumiﬂﬁuﬂmﬂumwmmuw 2 (Prototype V2) ﬂauu'ﬂﬂﬂiumﬂuiuam 3

L. mamuufinnseenuuy (Design Concept Development) Midansiideyatnize ol 1 1o
mvmmu,mmq'mamauamaﬂwmmuﬁﬁwmau atuayumaBsuiiduszaumsal uanderomsiidiusiuvesey

2. ﬂﬁaamwumw uil (Spatial Design) Iaal% Site Analysis, Bubble Diagram, Function Diagram,
Circulation Diagram wae Interaction Diagram Lt ornualaseadne aruduiusvesiud idunisdyas uay
AU NS

3. MINAUILUUINIIAN13T1a04 3 U7 (3D Cultural Exhibition Model Development) 6338 laz31
Fuuuuie SketchUp ua Blender wusiuilifu 4 Tou Téud Teudousu Toudauanmdn leuufauius waslou
Aonssuiasy wiouanauuanield ARAVR 91ntduth Prototype V1 i1 savgasiaaeunazysulsadu
Prototype V2
5.1.3 s302il 3 n3UszRiuMUURANNETY (QUAN + QUAL/ Evaluation Phase)

Aniun1sUsEliuANUmMLIzaNYad Prototype V2 TagysannistayaidauSunutasidananinang Ly

ATeve wagmsdanangAngsy iiledraluduanziduduwuuatuanysaliasuunmensillg

1. m3Uszfiulaggld (User Evaluation): iiudeyaainngusiiagne 370 AU MmMeluvaauauuIn 1@
Uszanaan 5 5edU AseuAquAtunIsissusiazauidile nsidiusan nsdeassndnvalnatmussy
Uszaun1sainigensual wagn1ssuimumsiseus

2. msUsziiulaegidaamey (Expert Evaluation): suiunisifudeyamndiBemaydiuau 5 510 i3
Uszaumsainsvianuwaranundiiiesdesediaies 5 U Tnefiarudemnyduandnenssuasnsosnuuy
1w 3 Au auandnenssunigly 1 au wagiuniseeniuuinusssy 1 Au

3. M3dunaNgAnTIH (Behavior Mapping): dunauaztuiinnginssuvesyldseninmaanuuudiass
U MIngAg MIaunu Msseray arwaula UARSemeesunl uazssesnanisu

4. ﬂ’mwm ‘I/iLLﬁ""lJiiL!’lﬂ’li‘?Jalla (Data Analysis and Integration): mauawaﬂimmamﬂ Wise
Al (%) mummmummmu (S D.) Anud uavdewas mumauamﬂmmwamiﬂmma Content Analysis
udysanmssaifioasuaauds gafimsiann wazwumsnsldfuuuuluuunese
5.2 Uszansuasngudnegn

1. Userins Ae fillenaldiuiiffissusiuarinssansnieluminedomaluladseunada
2197156V INGTde Ypansangatiuayy wastinAnwsyauUiyansuastudiafnw saudiuiulsyanm
5,000 Au

2. NguAg13 laanmsAuiniien1sednsazuves mls enuwl (Yamane, 1973) fsysuanuidesiu
95% warANNAAIALAABU 5% lenguiaogasiuau 370 au lngld sgudaogauuuazmIn (Convenience
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Sampling) uazdndndiunguidmving feil 9197196 117w 50 AY, yAanIaeaiuayy 31 50 Ay, UnAnw
sEAuUTQInTasUfnAne 911u9U 270 AU
5.3 1seslaity
wdoaflefllflunsitouarnafiunusadeyadmiunsinuadall Uszneude 4 sems fail

1. wuudunwalfslaseaing (Semi-Structured Interview) dmsuliiudeyauiunuagmsosnuuy

2. wuvaeunuvlaunsid@ulseauan 5 seau (Likert Scale) dmsudssiliunnumanzauues
sukuulneNguiieg 1

3. uuuUspiiunnumsnzaNvesiuluy dmiumsussiiulaodideivsy

4. 4uudnaee 3 4R (3D Visual Simulation)
5.4 nan1saszidoya
5.4.1 nadwnesideyannnnisdunealfidssvguazdiieades

NnMsduMBalFoImgFunseonuuuinssans it wazauTamusssuvissiudmau 5 91

wazandinszsiduiden (Content Analysis) nudseiduddildannisinsghifed Ul duslums
W wuIARMsoeNLUU (Design Concept) Tu 5 du deil

1. frulssiduddgymatamsssuiesiulase senuuuliidu “Aufinisdousiuats” daunse
avTousnanuaivesiosiu (Wu mslidyay vieamatsanedesduiumriiniou) lnenaunaunnusay
adeintumuBsuivesTas TR ALoE A

2. pudnwauzgldinuuazanumania ngudlinundn (@19138 yaans uagtind@ni) danmuaands
soflufififistasllunmine1dedn fesanunsaneulszaunsaifinlanin fsgaarwaula wiluvusFeafu
domdesgesuazyharndnlaldie

3. fukIeNsdaiuikasUszaunisel undawansasiinnudangugs anunsasessuianssule
AN ULUU LavAdsiiun1soenwuuiassfaunus (
3edluiingInuaniivsetiaufen

Interaction) SeniNaf YA UNUN WINNTINITALLGE

4. imuwalulaguarisunaue nMsdszyndldmalulad (1Wu ARVR) desdanuaugaivainuieudne
vosTansysn lidudeulumsldausnniiuluniluanmeunmeveaionudn
5. fuanuvimeluil uii gty anuiimendnfenisdsufiuil Tauansddrusinidusly
nanenduiiuiifideumine (Meaningful Space) FafosorfemsdanedaiinsgduliiAnnsidusunasldiom
Seuineluiinsseniseg1auiate
5.4.2 MIATEIUEUIMINIEN LA TS s TuTa suTisALERS
fufidauansilflumsssnuuusunuuiidnuusnduriesdindsuiiui autm 150 nsamns deoganslu
AUGINLTITU B1A1TRRAIMNTIY 2 uInendenalulagsivusaaday Jaminuasswdn Teamausunisdnge
118 eglndunaaseud uasilugudnuianssuiuinusssuvesindnw nsiesigiusundiiunislu 2 i fe
1. IAn1un1w (Physical Context) - M3 TArafiufl 3RS IEiLEs fiamean f\;ﬂamﬁu’wwvl‘vmw—
An-des waganudasndy Aitladsanuduiusserivaninenssuuaznisdnuans (Tzortzi, 2015)
2. fAn93ausssy (Cultural Context) - NM359UTIMTaYATNI e dnanuaivedlAs1y (WU anany
fun Useind idosmunifiudles) Tnsmaane vietandnuiniougminan “asveu” aslu Texture vaslanna 3
317 waznIEIUIIMVRIYUYY
5.5 msdanszidayatisaurulfandlduinns
Mndayanulssduddayiidmateuuamanisoonuuy Tiud anudesnsliiuidauanshminiidu
“fufinnaiFouddamalie” fazvieusndnvaivesiosiu, dnuefvuinie1ass yaans uazinfnw Aifesnis
Uszaumsalwdaning uditnladng, msldmealulagiesaunaiuanuiseuiievesinusssy lidu lidudouiuly,
nsdntiuiinrsBangu sessuRanssulivarnvans uasduduiusinninsdaingdauanadiososaien
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NMsdansgideya Ialdaniiunis A3 Site Analysis, Bubble Diagram LﬁaLLamI«fnuﬁuﬁﬁﬁzy
Usznaunie loudousu lgudnuanivan leuudunus wazlvufanssuasy, Function Diagram W owans
m’mauwuﬁmﬁw&maawwmiaamw‘u Circulation Diagram L‘wm'mLaumqmimumﬂuww ueasiidums
Anszarudiiustesiuiifiildniandie Interaction Diagram duneusina ™ uanKIuAMNTIATIER Fail

Figure 2. Physical Characteristics, Lighting Direction, Ventilation, and Limitations of the Exhibition Space

NHANTIATIER 91Asiumtlumeiiamie SRuRiuszuna 150 ans1auns druntivesdauend
corridor 81IAABALUY dauﬁwgﬁuﬁﬁmmmi FovillallFFunansEUINUAsSITNYIA wazauTiunanvnaiie
nzusenidoanie lunasfisundwesens pg I UTiAld wazdndisnsmasaun Wlviudisauans 165
wasnazanusoulurrsuisunniivly wazlasudninasnanfinnannisiiansTunndosldroutwnn us
\osanituiidauans Juiufide n3sesduumanlunisyiwadansn ieruuiidumds e backstage
zoning Wag equipment storage area

L:,NTRM\LE

— Most. Emtmd
—_— Mﬂderqte,\a (orrelated
— |ess Coreeloted

Bubble Diagram Function Diagram

Figure 3. Bubble Diagrams and Function Diagrams Showing the Spatial Zoning and Functional
Relationships of the Exhibition Areas
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L5 Hihlign

Zowe

k.0

Figure 4. The Circulation Diagram Showing the Movement Patterns of Visitors within the Exhibition Area

Zoning
Entrance ")
Reception zone ® (/ [)
Highlight S o * o
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Relatianship Exhibition 2 @

Interactive zone °

= 2 Additional activity zone
At gallerry .
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Figure 5. The Interaction Diagram Showing the Points and Characteristics of User Participation with
Various Elements of the Exhibition

6. Wan13338 (Results)
6.1 namTAAsIzvivannIseBnuUURNsATuainssansivuzsufuUsunTausssuia iy
Kan1sAEiienats usuniud uasnsdunvalidemng 5 918 Fuaseildudnniseeanuuy 4
Usenis leiud (1) @enlesmsioudiuudunmenm e uazSamsssuveslasa (2) Walemalsidvuains
AuveNUsraunsaluazdufduiug (3) Tnszuiunsesnuuunuuddusiuuazsiudlhdugudnans uaz
(@) Mineluladifuniesdioatvayuion Tasddsdsamdoude anubangu nsdyas was anudou wa
F0911ATDIDIATLAL maé’mﬁngﬂLLUadLﬂwﬁ'aﬁmummiaamt,vuLLasﬁqmmé’uﬁuﬁ‘mm“ﬁuﬁﬁqLLamﬁlu Figure 2.
— Figure 5.
6.2 HAMIWALLUUTINTIAN1II1a0q 3 1A ioFeasdndnualiiasiu
HANTAAUIAULUUIIN Prototype V1 g Prototype V2 fae SketchUp wag Blender lahuulingseinis
$1809 3 TAEMTUANUA 150 arsrauns wuadu 4 Tou ldun Reception Zone, Main Exhibition Zone,
Interaction Zone uag Additional Activity Zone T¥aananesuazfanidenlesfusndnuallasdlugunuusuede
wiendmuasiunisdendvauazgaufduiug ARVR Inoisfadumaedaes uas anufou anudangu uas
fufindsann nadndmsseniuumadenuanslu Figure 6.
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Figure 7. 3D Models of the Exhibition Showcasing Alternative Design in Option B
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Figure 7. 3D Models of the Exhibition Showcasing Alternative Design in Option B (Cont.)

Table 1. Results of the User Evaluation of the Suitability of the 3D Exhibition Model (n=370)
Evaluation Dimension Mean S.D. Rating

Contextual and Constructivist Learning 4.93 0.17 Very high
Audience Participation 4.46 0.52 High
(Participatory & Human-Centered Design)
Cultural Interpretation and Local Identity 4.94 0.22 Very high
Emotional and Experiential Design 4.90 0.20 Very high
Learning Outcome Assessment 491 0.15 Very high

Overall 4.83 0.21 Very high

NeT1INUI Jiusziuuuudtassinssanisanudlaesineylussdudunn (X = 4.83, S.D. = 0.21)
Wiefiansamnsiadiu dunisianuazdndnsainislmusssuiiaadogeqn (X = 4.94, SD. = 0.22)
sesawnfe suviunnisBeuiuaranudnla (X = 4.93, SD. = 0.17) funisussdiunadugninisiBes (€ =
4.91, S.D. = 0.15) wagAuUszaunsainIeIsualaynsIUs (X = 4.90, S.D. = 0.20) @A uN1sildIUT VDS
Fuuiireduman uideglusedud (X = 4.46, S.D. = 0.52)

Table 2. The Results of the Expert Assessment of the Suitability of the 3D Exhibition Model (n=5)

Evaluation Dimension Mean  S.D. Rating

Learning (Contextual & Constructivist Learning) 500  0.00 Very high
Participation (Participatory & Human-Centered Design) 500  0.00 Very high
Cultural Content (Cultural Interpretation & Local Identity) 5.00  0.00 Very high
Experience and Emotion (Emotional & Experiential Design) 483  0.28 Very high
Technology Use (3D Modeling/AR/VR) 4.00  0.00 High
Application and Development Potential (Feasibility & Scalability) ~ 5.00  0.00 Very high
Overall Evaluation 5.00  0.00 Very high

Overall 483 041 Very high
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NN filemng 5 Nevssdiumnumnzanvesiuuiaesinssamsauiilnesiueglussdud
11N (% = 4.83, SD. = 0.41) frumsiFeud mafidudm Wevnmedausssu dnoamlunisussgndlduaginun
wazmsUsediunmsudaaasluseduiinnn (X = 5.00, S.D. = 0.00) vaisfigudszaumsaiuazensualiianade
Tusesuiunn (X = 4.83, S.D. = 0.28) uwavaun1sidmalulad fanadsluszdud (X = 4.00, S.D. = 0.00) Fady
suildazuuumanuazndussiuiimslinuddglumsthiuuululdass

HANTAUNANGANTTH (Behavior Mapping) veei tlun1snaasauuudtaeslingsanisaiuiia (n=370)

o

ATOUARUNYANTTUNTSHAINTIN Avwaula Al URAsemeersual waznisidiaan m1s1ei 3 deil

Table 3. Behavior Mapping Results of Users in a Three-Dimensional Exhibition Simulation Experiment (n=370)

Observed Behavior Domain Observed Behavior n %
Participation & Interaction Pointed to or discussed exhibition objects 354 95.70
with others
Participation & Interaction Showed uncertainty or attempted to 346 93.50
understand the content
Participation & Interaction Paused to examine specific details longer 335 90.50
than usual
Interest & Emotional Displayed positive emotions (smiling, 326 88.10
Experience laughing, or expressing appreciation)
Interest & Emotional Showed attentive facial expressions or 320 86.50
Experience gestures while viewing
Interest & Emotional Asked additional questions about the content 310 83.80
Experience
Time Use & Response Commented after completing the viewing 321 86.80
Time Use & Response Spent longer than the allotted viewing time 190 51.40

311 Table 3. Wy Jid1vudulugdnginssudeviniuluseaugs Ingludunisiidiusiuagnis
Ufdunius wunginssunst viewnaeiiaiuingluiivssanmssiudugBusniian Anduiosay 95.70 (354 Au)
sosawnAonisuansimaneieiianudlaiion fesaz 93.50 (306 au) uaznisugagIwazBenazY
wunduni Fewar 90.50 (335 aw) lunuanuaulawasUszaunisalnisensual wulid1guuanensualideudn
Yovay 88.10 (326 A1) wardinisnudnmduduietuidomienay 83.80 (310 au) dwsudunislinauay
MsnaUaNDs NUINdHLanIANANIUTaIUNSSUTLTeYA 86.80 (321 Au) waslhldiavuiunitivundn
Wufevay 51.40 (190 A) Feazvioufeseiuauaulaiddnvesivuseuvuiiassingsanis 3 14

7. #3Unan13338 (Conclusion)
7.1 nansInziudnniseanuuUiisinsiuazinssansivansauiuuiuniausssufiodu
NENTERUATIZRTIN NMsponLUUaNTIANdimusssuluuunves ans. Saunsdeulos 4 wuAnndn
leun User-Centered Design, Participatory Design, Contextual Model of Learning wag Constructivist Learning
Theory lngldusunnunnuazdndnwal Tausssulasudutdadoind uwumesenaniiliniseenuuuliuen
welilafeenanitlon wildinalulafifuedosdioatuayudumematous mafenu uesnsiidussmos
7.2 NANIT9DNUUULATNAILILUUINADIINTIANITAUNALTITAIUS I
wuusaesiinssAmsaudifidniuiug 150 asraaaslésumsiaundu ¢ Tou liud Teudeusu Tousn
wanadn leuufduiug wazleufenssuaiy Inehatnansuas Taniideslosfusndnuallasvunanvewdy
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psAUsENRUT WA wazivuadumisdmiudeddvauas ARVR Weatuayunsiiidsdeyauaznislinoudu
o AuKUUGNIRILIAIN Prototype V1 Kun13nsiadeukarUiulsaudu Prototype V2 neun1suseidiu

HansUssiuaduayuiduluuiaumanzasdmiumsiluiausie Tnegldinsuuugaauluiiunis
Aanuuasndnualmatausssy diudunsidmsmdazuuuinitdudu vusifidoinaliasuuus
waluladininfidduduiy Seagieuinsiauidenisiiussdunsiidusunazananududeulunisld
wialulad

wan1sdAANgAnsTuTIsesuIsnansUssdudsUiinm Taenunisaunu nssasianm NSNEAR
Teasidyn Larnisiansensualieuintudadiugs wansiduwuvanansansefunsiuduiusuasanaulala
Tuszozmmans egalsinu fléursdiuddldnafuraosniifiain Sanseenuuuidumassefudeyal
gnngusianULANA9TENINIUARA
7.3 nan1susziliuanumanzaukazuiu N sussgndléinalulad AR/VR

idleysanmsaaangld §i3e1ve) uay Behavior Mapping wiamsmsltinaluladfivsnzanfonisly AR
dmsutoyaiesuuasdolsnoulugaiiiesnissieasdoaiiadu 14 VR dmiulszaunsalillianansating vie
anufinsanuandld uazeenuuuszuulildnuite lisunumssuiauamieiamusssy nan1sUseidusy
wieluladvesiBerwey (X = 4.00) Buduisziiuddglilsmaifinmaluladlviuniian usifunisidenl 1
aonndasiuiilon gl uazdosinvasiiuiiase

8. afiusenan133dy (Discussion)

NaNTITLATUAYNINNNTYIUINTT User-Centered Design, Constructivist Leaming, Contextual Model
of Learning Way Participatory Design ﬁzhEﬂ,ﬁﬂ'ﬁaaﬂLLUUﬁmmmiL%ﬁ@uuﬁiiuﬁmmaamﬂﬁaaﬁgﬁm;ﬂ% n13
Bouf wardndnuaiviesiu lnenamsUssidiuegluszdugaiegannluvansd viadl nmsfeumadumsfionsn
Mnadfdmssauwarloyatinann Jlidunsvaasuauwnnsnadeeadia

ogslsfny Welasundavieuievluusazia nuindidsu msildusmvesduu (Participatory
Design) l#SunzuuuinInfifdu (¥ = 4.46) uidseglusziuge Seazviouinusinmssenuuuazidalenalivudl
Ufduustuiden udseduvesnsdidiusawenadsegludnua “Interaction” 1nnnin “Co-Creation” nanite
feudunumluntsneuausssede uisslilifidusulunisadis wiermunidominssanmsegiauviass Ussiiu
flaenndosfuuuAavas Simon (2010) ATI1nseonuuuIEaiidudwifuseansnwarndafuiligvudu
“@madennumang” lllddies “gSuansddldneu”

Tuduveensiseus nan193988uduiuuIAn Contextual Model of Leaming (Falk & Dierking, 2013)
ke wag Constructivist Learning Theory (Hein, 2012) ﬁuwmwﬁﬂﬁ%ﬂumiaaﬂLLUUﬂisaumifﬁﬁmiﬂmi
Tnsianznindeulsaiomivuionmeiausssuvesan SstaeliiAanmsimunasadaeumnelussdudn
odlsfinu wadwsinaniagiiouin maGeudiintudnlvadegluuiumes “nmefuiifalssaumaniszer
du7 mnndimadsunandmginssy vieviauailuszezen fadudesidafiaaslésunmsdnuiiudulu
auAn

Tudszifuvesnislémalulad namsuszdiuangifesnamuindu msldmalulad (ARVR) Taziuus
nidiAdy (X = 4.00) wifazegluseiud Feagviouliifiudedoditnuradsenns 1wy arududouveanisldo
AradonvesgUnsnl iemuaenndestuuunaesiiuiiaie Ussiiullaenndosiutoiauovos Din & Hecht
(2007) MFouimslimalulaglufifisisinsiiunumdu “edosdoatuayy” innimadu “unundn” veq
Uszaumaal wnldimalulagloslimhisdeuin o1vdwmalTiannaunuAMs TS TTLTiFe NI HoaNS

uenani wansdanangfAnssu (Behavior Mapping) wandliiinguiisziumsildusuuazauena
g9 LU NITAUNUT MITAIAINY LLaumﬂ‘maﬂumiiwwmamumu Feazvioufednunmuesnsoonuuuide
Uiuaumsaﬂumiﬂiyquﬂmiaug otslsfiny msfdsdlfruunsdiu (Wszana 48.6%) Mdnanlunisiuraies
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nfimanisal eatsiisarusidulumsseniuulsraumsaifiiamainuatouazasnsaneUaLeHoAT I
wanensve ldluseduymaa (Individual Differences) ‘Ui:ﬁLﬁuﬁaamé’mﬁ’vLLuaﬁmU%deauqﬂﬂa (Personal
Context) lungui] Contextual Model of Learning 484 Falk & Dierking (2013) fioSungdmgAnssunisiFous
wazszerafilflulinssamstu gnimuslasussgda anuaands wageuauladafuvesdideuudagae
msoenuuuisiudusesainadumeniafousiidangu esessuanuvanuansiogudususss

Tavasy nansideiliifiesdusunuaenndosiunsounundammgul uddadliiuis “desine” 7
ddfylunseonuuuiinssamsdeiausssa Wun svfuvesnsildusauiidslifielu Co-Creation dosinuasms
T melulagluuiunass uazanuiimelunisadanadnsnaiFeudssoren deUszdundriannsaldidu
wwamslunsimneideuazniseenuuulueuian

9. daiauauuzaUIdy (Recommendation)
9.1 dalauauuzIBI¥INIg

Nnrafisumsiidusumesdldiiiadomnindudu ( = 4.46) mswmuinseunisesnuuuliivduan
n15l#naU (Interaction) Tugn1331maia (Co-Creation) 113y tiu N dalviruuasyuvuiidufmuaiade
dlev wiegUuuuAanssy uazmsiammaniaifeudsrerenieUssidumavdsunlasituanudlauas
waundzinsAnyinSstealildTnlngmse
9.2 Yarauauus B Un

idesaniifnmgliazuuudunisldineluladainifiddu ( = 4.00) mahdunuululdasensiden
waluladindidndu senuuudwdndelildnuine wasaasunumionvesgunsainugrudedinsuuas
il uarnsdes venndaasldszuudauansiibanguuas Yanfideulosfuuiuniiesiu iiesesiuiingsanis
yudguazRaINTINTIMAUYIYY

NnuaATeRnuhldussnasesar 48.6 1arsurutesninnguileguuiAunaniidmun asinw
AULANANTENI Y ARARALDDNLUUEUN NS T sunassedy TauaTsuifisulssaunisalsening
TnssAnsuuusRLFUInssANSAl Immersive Technology warvenengusitegeluduinieu Invieudien
uazuvUYiDsty eifinauasalumsssdanaludsngudlifvanmane

10. wauszleviildFu (Contributions)

naUsleviiildsuddey 3 Usenns toud (1) WWLINTOUYIUINTUUY Input-Process-Output fidoules
Uiunituiuar Tausssudunguinmaioud nseenuuuuuuiauson uazniseeniuuiiidugld (2) wasnseu
fanamgnszuaumaiaukuuseosinssamamuind miuiuifaussaluminedosadutuneu fu
MIATIEUTUNAINAMIsUSEEIY way (3) Tindngiuanngld QL%'smmy wag Behavior Mapping Lﬁa%ﬁmmvﬁa
susndnuainarUszaunsal saenaulszifiuiimsiaundunsidusnuaznsliinelulad feamsouszgnd
Huuuamsdniuaniunsinuuasiuiitansssuviosiusuls

11. dodinvain153dy (Limitations)

1. fodina1unguiegns (Sample Limitation)nqusietnsdiulvgjilue1ansd yaains wasindnw
meluiminendomaluladssusnadau Falldnvaziamslusussiumsinw Yssaunisal wasanuduiag
fuwealula fafu nansideenalianunsadrsdailuludmnguusesnsdu iy dnviondieaialu uioyuu
viesiuluuuniuansefuldlnenss

2. Yodnfinduuiunn1snnaes (Experimental Context) N15Useidukuuiingsan1sdnass anfiunisy
UuUUsULUY (Prototype) uazanmiandouTiaes Feoraunnsnsnmisliauaisduiiuiidauansifidosin
dunan fufl usgngRnsaugidnuiivannvans dwalinadnsilldoragend vieuansnsninaniunisaiaie
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3. Jodnfinduszeziial (Temporal Limitation) nsiiudeyasatiunsuszdiunaluszesdu lneianasiu
Anudianaly NsdduTm wazn1ssuiluginamaassldauringy dddldfanunaluszezeny 1wy n1s
wWaguwlasuvieuai anudladdn viienginssunmseusnyinusssy
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Abstract

This research aimed to (1) investigate guidelines for developing a learning management model
based on the engineering design process integrated with artificial intelligence technology, (2) develop the
learning management model, and (3) examine the effects of implementing the model. The sample
consisted of 30 Grade 8 students, selected through purposive sampling. The research instruments
included an expert interview form, lesson plans, a learning management model, learning support tools,
a creativity assessment form, a problem-solving ability assessment form, a learning achievement test, and
a satisfaction questionnaire. Data were analyzed using mean, standard deviation, reliability coefficients,
and t-tests. The findings indicated that (1) the development of the learning management model should
integrate the engineering design process with artificial intelligence to support students’ thinking, analysis,
design, and product development through project-based learning and authentic problem-solving
situations with ethical considerations. (2) The developed SUTLUM Model comprised six stages: Survey,
Understand, Think, Launch, Upgrade, and Manifesto, along with four key components: teachers, learers,
Al tools, and learning modules. The model demonstrated a very high level of Quality (M = 4.65, S.D. =
0.47). (3) The implementation results showed that students’ creativity was at a very high level (M = 31.90
out of 36), and their problem-solving ability was also at a very high level (M = 21.60 out of 24). In addition,
students’ post-test achievement scores were significantly higher than their pre-test scores at the .05 level,
and their satisfaction with the learing management was at the highest level (M = 4.68, S.D. = 0.46).

Keywords: SUTLUM Learning Management Model, Engineering Design Process, Artificial Intelligence,
Creativity, Problem-Solving Ability
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afuayunaiFeud wudssiiumuAnaiuassd wwuussdueusunsolunsudtym wuneaounadugy’
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msthiaueranuLazaziounsious sunuull ¢ esduszneudny Teun daeu fiSeu ta3osdledyn Useivs
wazluganisiseus susuuiinuameglusedudsnn (M = 4.65, S.D. = 0.47) (3) namsldgunuunisdanisiseus
nud1 3.1) dniSeu danuAnasassAsglusedudinn (M = 31.90 970 36 Aziuw) 3.2) dniSeu fauaiunsaly
mMsuAtlymeglusedufiunn (M = 21.60 90 24 Azwuu) 3.3) dniFeulnadugrimamaiFoundadouganineu
FouegadiedAgmneada Aszdu 05 uaz 3.4) YaiFou fanuieweladonisdanisifous eglusedu
1niign (M = 4.68, S.D. = 0.46)
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1. uni (Introduction)

Tuanisswdt 21 lanmdsirudngyausienisiuasuudasedislivgads aeldviunveslangaund
(BANI World) Afialdemnndszuns amidanina anunimaildon waganududeu suduna uian
nszualamAfadivihlsidoya ¥10a1s wazesdausindeudreldogasinslinsuunu saufsnnuiamih
voanaluladasaumanazdgygyussivifiiauegaiiinselan dsdemanoiddinnsiay wazgluvy
N13438U3 V0 ALBEY19TALAU (Siripangpa & Ketprom, 2025) anunsalfenaviliszuunisdneialan
sosusuifiomungSouliausamdgfunnuivdsuwauazanaliudusuiiintuludruyendvaldegad
Usgavsnm TsaFeunazandunsinuiajaiaunguuuunisiGoudiitangu aunsadidslévniinana ua
nevauswsengAnssuves3ougalmimidulnniumaluladfidsia (Kiatsarutsakuln et al, 2025) aneldusum
fanam mswamTnueddny luanissud 21 Seianudidueteds Tne Battelle for Kids, 2019) léiauensau
Wnwe 4Cs §9Usznoudie n13AmdeIniny (Critical Thinking) AvuAnas19a55¢ (Creativity) N34 0a1s
(Communication) uazn1sveusaniu (Collaboration) tlewrsuanumiesmesgiFoulunisissinuagsiha
lulangaln vinwe it 4 gruiiduialed ey I siawdiSeuliauisoaiiesranuiuazuinnssulaime
AuLes (Trilling & Fadel, 2009) M5¥an1si3ausluAnisseil 21 msyafunisiSeusuuu Active Leaming N3
Fougriulassnu uagmsldinaluladilewmuninwenisniinsed n1sAnaneassd n1sdeans uagnis
witlymeenafussuu Bt madsuulassounaluladssdmaliunumvssagudsunngenonauilug
mMadugduisanuaraInuazeenuuuUszaumsainsSeus Ingldinseslondvauazuinnssuileladuaiig
FnenmuesgfiFeuliausaiseus Wegseilouazasnndosiuuunuestanyalysl

wildlunmeddgiiaenndosiunsiauinugdnan Ae n1sdanisifeuinunszuiunsosnuuy
393mn331 (Engineering Design Process: EDP) Ssgniwunlilundngmsununansnisfinuduitugiu wnsdnse
2551 (RUUUSUUTe w.A. 2560) nquansensiseuiinemansuavinalulaglaeyaiuligiseuaiuisoasiuas
W Tsnsuitymvietunuiinevaussdedamunisaiessldesradussuu (Karimi, 2022) nsvuiumsesnuuy
WmnssugsUalonmalidiseulaysannisanuinnuaieaans inunsasdouiRase nsinsieidam
N1599NLUULLINIUAT YN 1aznI5HIUTINAUOENATNATIA NTZUIUNITENLUULTIIAINTTUT AU
Wnuwgdrdnluanissed 21 lnslanizn1sAnesdinsugiunsuddym wagnsfnadiassd anudn
adnassiduaruausalunsdenloswunfnuarainaisnisTvdlunisudtam (Amabile, 1996) daunudn
afuassAUsznoufesdUsznouddy loiun amnuAndidy mnuAnadesady ArwEamdu uazauazidenase
(Torrance, 1966) ‘um:ﬁmmﬁma%’waﬁﬁlﬂuﬂszmumiﬁmLL‘UU@Luﬂﬁaﬁ‘zj'wiﬁuﬂﬂaam*ﬁaa%aLLmﬁmléf
ANTALUAZLANAIINRY (Guilford, 1950) NT¥UIUNMTOBNLUUAIIMNTTHEANTAdLETIDIAUTENB VRS
AruAnadsassldesnadugussaiiunisin vnaes uarUiuusmanuegisaiios Snvisdaduuuimadidy
lunswauineensuidymuaznisanegraduszuu (Dym et al, 2005) Fagduaiuniuainisa Tunis
Anrzitgmuasdnduladonuuinud et avinzay (Sheppard et al, 2008) Tauvistaeidoulosesd
And AunsufURaTernuntsnnass USuuss uazazieunansiseusegasieiiies (Cross, 2008) ddsualsi
HsumnsaiannuinnssulazuwAnfinevaussiemLFessve il deg iz

wonINNIsIEnIEUINNITERNLUUTIAINITuLaINM s aluladAdviauas Uy UssAvguildlunis
dnmaseuisiunumdiAglunsiandiseulugedia laenslimeluladiaialunsdaniniGeugdieaing
Usy aumammnwuw&mmu waztUalonalviiSeuaiuisaseus lan1udnaninvesnuies (Wongyai &
Patphol, 2019) mmvwmammmm TPACK aammmﬁmmumawimmsammwmmuLuam F5aeu uay
waluladidrdiedy i ssonuuuAanssumsiSousivanzay wazfiussansain (Mishra & Koehler, 2006)
uananil Yy sshvsanunsntisatuayumadsuiuuuienisyana Anseiiaunmsvesiiou wavduasu
inwedAy LU ANUANIATIZN AUAAESINETIA LaznsuATymlaeg1eiiuszd@nsain (Holmes et al., 2019)
vauziieafunsusegndltimalulad dyauseAvgsufuniseonuuuionssunisiiou i mnzauaiunsa
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PreduasunisAniiangrinssouinudnenmeesdisou uaznisldinalulageg1adiansugyiuliegied
UszAnSnm (Autthawuttikul et al,, 2024) Gaeviouliiuin msysanmmaluladdegusziuglunisdnnig
Fous ddwdrdydeniswauinued suduluanissui 21 veui3eu uavasandestuunuufuinis
sutlyauseRuguiand ne. 2565-2570 Tsjsdaaiunsly Al iesnszdunuammIAnYILag TR
mau@ﬁ'aﬂﬁaammﬁ”aqﬁ’umiLﬂ?{ammawaﬂiaﬂiuamﬂm (Ministry of Higher Education, Science, Research
and Innovation & Ministry of Digital Economy and Society, 2022)

1NN3TANIsiTeuMsaeusIgIvInalulaguazuinnssuidsaineassd 1 vadlsuioudiuuuls dune
wuRy Ymiaaaugisnd lunaSoudl 1 Insfnwn 2568 wuin dniouduisendnudi 2 duidodiie
sunuAnasasstazanannsalumsuitiym TaefhdadafulnAndy 1iaauAeiiEy mnuedesuad
anuBangu wagliausaimuunanlugnanuidugusssuldenadanu demalsmamsiSousliduluny
Wvaneresedn UssnoududesifndunaFousasdeniiaseuaquitamanguinas maufod sl
FnRvnssuifiomuinuedinandwiudunsidlidiudnonm anmigmdnanasioulsiduin msdans
Seuslugvwuuinuddliaunsedaasuanufnasisassduaraiuaunsalunisuidymuesiseuldegiady
szuu Fsflanududulunistaungvuuunisdanisifoudiaunsaduaiumsimuinnudnasiassduas
ANuarsatunswitdynivesieulaegeluse@niain wavaenndesiuidmungvesnisinnisfnw
Turmsswil 21

fewn il itelddldianguuuunisdanisioud SUTLUM Model faduguuuunisdaniaifous
MINNTEUILNITERNWUUIBTAINTSuTwiumalulag Uy Usedivg lagldlugan1siSeuiuu Google Classroom
509 “a$19assuinnssusg EDP & Digital Tools” Wudeatuayunsiious ileduaiumiudnaisassduas
ANuasatunsuAlgmuasinEeu HaunsysanIsnssuIunMsteui B iaTiudunsldmalulagaisa
warlayaussAvgodnaluszuy guuuudnanydaasuliiFouaunsodnseilym afnassdwua W
udnnssy uazUszgndldaulunsudtymluaniunisaladsldogramnzay vuzidodtu agvimdiidug
g118ANAEAINIUNTSBUS (Facilitator) TnemagliAuugi nseAunsaAn Annuanui1miveiseu
Titelausuuy wazUsziiunanisieuiliog1ueliamuszuy Google Classroom Suaztisensziunadns
nsseuslidenndesiudmunevesseinn saensudunwimdunsimuinisdansseudiunaluladuas
uinnssuilanunsauszgndlfluuiunvesanudnulsognaliussaviam uazsesfunsiinunanssausvesdiSeu
Taenndesiuvinuzisnduluanissui 21

3

2. WMaUsrasAsuIVY (Research Objectives)

1. WlofnwinumnisianngluuumsinnisdsudauunAnnszuiumsesnuuuiliainssus iy
wallaBtyguszivs dmduinideutulsen@nui 2

2. Wit eftmungUuuunsdanisifsuimunuAanszuiunmseeniuuidaiainssusauiumalulad
Uayayusehvg dwduitnSeutulsendnuti 2

3. WiednwinanisldeugvuuunisianisisoumuumAanszuiunisesnuuuideimnssus iy

a

wialulagUyayusehvg veuniseututseufnundi 2
3. mivmmu’aiimﬂswuawqwﬁﬁlﬁ'm%’a& (Literature Review)
3.1 JUuuuNTINNISEELS

sUuuumsdamsiieus fe nseunwiAnuaznszuIuMsTlFFuMseenuULLArTweE sz U 1edn
ﬂiuaumimﬂmsw%‘lmmmLiau Imamﬂawumumﬂmwgﬂmiaui VANNITAOU WATNITOBNWUUNENENT
Fausznousneeduszneuddny len ndnnis Fngusrasd JunsunisinnisBeus unumuesaoutaziSeu
sruvatuayy uaznsinuasUssdiung L‘W@I‘Mﬂiumummmﬂ'msaugummaamﬂaaqﬂuL{]mmmaumumm
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Aoy duasulagSeuimunnug finve wasaudnvuzduiiclseaslaegieiiuse@vann (Saylor et al., 1981;
Arends, 2012; Joyce et al., 2004; Khammani, 2010) lumsisenet] nuddeildhunanginanulddunsou
Tumsimunguuuumsdnnisseu; Ineysunisnssuiunseaniuudadmnssusiuiumaluladdygyiuseivg
AelduuAnnisaisesrauImenuies (Constructivism) M3i3euiiegn (Active Learning) M3l38u3NN1T
auloUUR (Experiential Leaming) ka¥N13A1T09AIINWANG 1958 NI19UAAE (Individual Differences)
\ioduaSuanuAnasiassd anuamsalunmsuilam wasrinueiisndulummssui 21
3.2 NTTUIUNTTDBNUUULTIIAINTTY

n3TUIUMTERNLUUIBSIMINTSY Ao nsvuaunsuddymetiadussuuilidelenal i iFouysanns
anudnvanuatsmanslunsiesgitlaym senuuukumaudly staun veaey wasUiulgadununie
FBsliaunsanevauesdennudesmsnelitediinvesaniunisalassimuaeludindszdriu Taonszuiums
fananteduasunmsfnegsiBansuga nsfnadassd n1sdeans uagnsviausaudu Sudurinueddry
dmsunaieuiuarnismssdisluamssed 21 nssuiunseenuuudvimnssulsznoudae 6 dunou ldun
1) m3szydgm 2) mIsundeyanaziundndiiiendes 3) mseenuuuisnmsuidym 4) mInunuuas
aniunswidam 5) nsmeaey Yseliung wasUsuusauily uag 6) nstauenamsuddymuiotuay
FerelifiTouannsouszy ndldanuiuasinusainvarnuatsanvlunisudtgymludinas aldegied
Us¥aAnSamuazdafu (The Institute for the Promotion of Teaching Science and Technology, n.d.)
3.3 malulagUayay1uszhvg

Jayry1Useaug (Artificial Intelligence: Al) Aoavmiswesinganisaouiiatmed iy simunszuunie
in3esdnslianunsavhauldlndifssyed Tnefiawanunsalunisifous msfn nisdndule msuitiym uas
msUsziianadeyasgeliuszdnsan Al lunsinsziuasdnnisdeyaldegasinsy widwdidedinlusmunms
FUsiBeonsual Ussamduda uavn13dndulaiieasusssu (Russell & Norvig, 2010) ANuEIN15avR Al @11750
wisoeniu 3 sedv Taun JgyguszRugiBauau (Artifical Narrow Intelligence: AND aiiu Al ivhaueme
duluveulundia 1y Chatbots 130K ¥1889a5 827 nouauoaA1d slan1z (Russell & Norvig, 2010)
Hayausziivgnly (Artificial General Intelligence: AGI) Faifu Al iansaieuiiagyihaulsvainvaendne
s (Bostrom, 2014) uazdya1UseAvguuuidy (Artificial Super Intelligence: AS @aidu Al fifidnenw
wilannuywelunnau Wagumstn mauilym warnsadieasse wieduluuunnluewan
3.4. ANUANES19ETIA

muAnazisassd fe Anwanmsalumsidenlosmnuy Uszaunisal uasdoyaanumaasing 4 wileadng
wnAnrs e smilunisuidaym Waunau vieasmmadnsiwanmainuuamadu Insedeiuauinsuay
nsAneg1emaInmany JsdenadesiuuuIAnues Torance (1974) fussinanudAnaiisassdidunmausa
TumsAainarnuansuazannsaiauld annsdunsgsiwunAnaiunsaaglesdusenauls @ du ldun
1) AnuAn3EY (Originality) e AruaunsatunsaswAaludfiunnsng 2) Anudnngeuads (Fluency) fe
mmaansalumsAnldvannmateiuImset el 3) mmAndangu (Flexibility) A Auannsalunisusu
yuNawarISAnlAvaINTaTY uaz 4) ANuAnazdenave (Elaboration) fla AMAINNIAlUNT VL LA ALY
wuAnlsitiseazBnauysaibey
3.5 Auasatunsuidsyin

ANuaunsalumMsuAlym mnefs anuaunsavesyanalunsssykasyinaudilalgm siusiuuae
Anneideyaiiiieades finsanuunmssemadendng 9 faduladenismsfivnzan wagdidunsudtym
ografuszuy el iussqidmaned fusldegaiussansnm lngerduanuy nvgmsdn uazmsdnadula
ogafliapa (Polya, 1957; Jonassen, 2011) 9INM3ANYNTIUNTTIMALEUATITIULIARTIABITRY anansnagy
asAdsznouresnuausalunisuidamld 6 funou leud 1) msszyiygm 2) msnunadeyaiifeides
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3) n1stesiianvaveslan 4) n1sivuakuInawitdym 5) nsalluniseidgvisasyssidung was
6) msasUiaviauenan1sAlam

4. NIDULUIAMNIIUITY (Conceptual Framework)
N1IRAILITURUUNITTANISIT BUS AuLWIAANSEUIUNITRRNRUULT T AINSsUS A umAlulad

Hyguseivg Weduasuanudnassassduazanuanansalunsuddymvesinssudussendnudi 2

finseuumAnlunsimuniidaamesinnuun ngul weevdnnsiiieades fuandunmuseneudeluil

identification, information gathering, solution design,
planning and implementation, testing and improvement,
and presentation of results or products.

Engineering Design Process Artificial Intelligence Tools
i | The Engineering Design Process (EDP) is a systematic The integration of Artificial Intelligence (Al) in instruction
approach to problem-solving used to develop solutions supports the Engineering Design Process as a co-learning
i or products in a structured sequence. In Creative tool that enhances knowledge construction and student i
i Technology and Innovation 2, it is applied to guide engagement. Its application is categorized into five i
students in creating tangible outcomes. It consists of six dimensions: information retrieval and analysis, idea
stages: problem identification, information gathering, generation and design, prototype development,
solution design, planning and implementation, testing evaluation and improvement, and presentation of
i and improvement, and presentation of results (National outcomes (e.g., ChatGPT, Gemini, DALL-E, Canva Al,
STEM Education Center, 2014). Kodular, Python, and Gamma).
Creative Thinking Problem Solving Ability
The creative thinking ability of learners refers to their The problem-solving ability of leamners refers to their
capacity to generate original and appropriate ideas for capacity to identify and address problems
problem-solving and innovation development. In this systematically. It is assessed using the framework of the
study, it is assessed using the Torrance Tests of Creative Institute for the Promotion of Teaching Science and
Thinking (TTCT), consisting of four dimensions: originality, Technology (IPST, 2014), based on the Engineering
fluency, flexibility, and elaboration. Design Process, which consists of six aspects, problem

Development of a Learning Management Model Based on Engineering Design Processes Integrated
with Artificial Intelligence Technology to Enhance Creative Thinking and Problern-Solving Abilities
of Grade 8 Students

v

Learning Management Model A learning management model developed based on the Engineering Design Process
integrated with Artificial Intelligence technology. The researcher developed the SUTLUM Model, which consists of six
stages: Survey, Understand, Think, Launch, Upgrade, and Manifest. The model comprises four key components: teacher,

learner, learning module,rand Artiﬂcialﬁlntelligence technology.

.
v v v v

Creative Thinking Problem Solving Ability ] Academic Achievement Satisfaction

Figure 1. Conceptual Framework of Research
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Figure 3. Learning Management Plans Based on the Engineering Design Process Integrated with Artificial
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Figure 4. Google Classroom as a Platform for Classroom Management and Learning Support
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NAN15338 #4 Table 1.

Table 1. Synthesis of Guidelines for Developing the SUTLUM Learning Management Model Based on the

Engineering Design Process Integrated with Artificial Intelligence Technology

Findings from the Study of Learning
Management Guidelines

Implications for the Development of the
SUTLUM Model

Aspect 1: Learning Management Based on the Engineering Design Process Integrated with

Artificial Intelligence Technology

The experts consistently agreed that learning
management should employ the Engineering
Design Process (EDP) as the primary framework
for learmner development, while integrating
artificial intelligence (Al) technology as a
learning support tool throughout all stages. Al
should facilitate problem analysis, information
searching, idea generation, solution design,
testing, and refinement of products. This
thinking,

systematic problem-

approach  promotes  analytical

decision-making, and
solving, while encouraging the critical and

ethical use of technology.

The findings were applied to establish the
principles and learning procedures of the
SUTLUM  Model.

Process was adopted as the core leamning

The Engineering Design

framework, while Al technology was integrated
as a supporting tool for problem analysis,
information searching, idea generation, design,
testing, and systematic improvement of
products under the principles of critical and

ethical technology use.

Aspect 2: Content of the Creative Technology and Innovation 2 Course

The course content and learning activities
should be connected to real-world situations
and learners’ contexts. Emphasis should be
placed on applying knowledge of technology,
innovation, and artificial intelligence to create
products and solve problems.
should be

understanding  to

Learning
experiences sequenced from
conceptual practical
application and supported through learning

modules and digital platforms to promote self-

directed learning, collaboration, and
continuous monitoring of learner
development.

The findings were utilized to design the course

content, learning modules, and learning
activities that are closely aligned with real-
world situations and learners’ contexts. The
learning activities emphasize the application of
artificial

intelligence for product creation and problem-

technology, innovation, and
solving, while digital platforms support self-

directed learning and collaborative learning.
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Table 1. Synthesis of Guidelines for Developing the SUTLUM Learning Management Model Based on the

Engineering Design Process Integrated with Artificial Intelligence Technology (Conts.)

Findings from the Study of Learning Implications for the Development of the

Management Guidelines SUTLUM Model
Aspect 3: Creativity and Problem-Solving Ability
should

opportunities for learners to initiate ideas,

Learning  management provide The findings were applied to define the

expected learning outcomes and to design

generate diverse solutions, experiment with
new approaches, and continuously improve
their work through reflection and revision.
Teachers should serve as facilitators who
support learning and foster an environment

conducive to discussion and knowledge

learning activities that encourage learners to

initiate ideas, generate diverse solutions,
experiment with innovative approaches, and
continuously improve their work through
reflection and revision. In addition, authentic

assessment procedures were incorporated to

should be

work  processes,

sharing. Authentic assessment evaluate learning processes, products, and

employed to evaluate learner development comprehensively.

products, and learner development in order to
reflect and

comprehensively creativity

problem-solving ability.

o =
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Learning Management Model Based on the Integration of the Engineering
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Figure 7. Learning Management Model Based on the Integration of the Engineering Design Process and
Artificial Intelligence Technology (SUTLUM Model)

[13 of 22]



May-August 2026, 4(2), e4205 Journal of Computer and Creative Technology [-— r ‘J-rSSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€4205 Msansreuiumesuaznaluladaieassd J ISSN 2985-1599 (Online)

(Research Article)

29AUTENAUYRIFULUUNITIANISITBUIAULUIAANTZUIUNITRRNUUUTIIANT TSR UWATulaE

Jynyruseiug Usznaudae 4 asdusznau deil

aedUsznoUdl 1 faeu (Facilitator) fasuviviiiidudeenuuunszuiunisinnisiouinnsuny
Aanssu afuluganisfeus Auunaniunsaitgm wesduuznindouiliaenadastunszuaunisesnuuy
LTIAINTIY iauﬁuﬁaﬂLLazﬂizqﬂsﬂ%m?aaﬁamaiuia§ﬂmmwﬂszﬁw§1ﬁmmsauﬁumsmummf’fﬂmm
Tuwsingdunou daoudwihmiindidugsiusmiuasain Widuusih uaglideyatounduundFoussaseiiios
naaANsEUILNISI oS 1l edaaiunisAnadneassa msAnegaduszuu wagnismuIAINEINITa
lunsuidgymegredusednsam aaenvulgnilslviiTeuldnaluladdgyayrussiviodrslinsugyinuay
fa3ysyaulumsiseuiiarnsaiiuiin

eAUsEnaudl 2 Tuganisi3eus (Learning Module) TugansiseudiduynfanssumsiFeuidnsasy
fiusznoudeidion Aanssn lunu waswuulsadu Seaousenuuuliaenndesiutiuneuvessuuuumsdanis
iFud SUTLUM Model LitefmuinnudnasisassduazanuanunsalumsudtamivesiiFou sauraldidu
i3 esilalunsiingy nsavaey uazUsediunanisiSeuiodiedeies Tnsudseanidu 6 Tuga leun Tugad 1
Survey @513uazszydaw) / Ygudne lugad 2 Understand (inlauazsausiudoya) Tugadt 3 Think
(ponuUULIIMaLATla) Tugai 4 Launch (Mausuuazsdumsuitaym) lgadl 5 Upgrade (naaeu Useidly
uazUTuUs) LLaﬂuq]aﬁ 6 Manifesto (YlauanauuazaIUng) / agunanisiseus

asdUsEnoudl 3 maluladlyUsshvg (Artificial Intelligence) waluladiynusefvgimii
\HuirdosfloatuayunisiFoud Yaglumsdudu Jinseht uasdanszideya nsvdunisinaiiassd msesnuuy
wmaudtym saensumsadideuaanuvesiizou lnsgnihunldludnuuzveuaisdlorisiaiudnenm
nsisews LilddununssuiunisAnvesisey

aedUsznauil 4 fi3eu (Learners) {iSsuidugudnarsveanisifous fTunumdidglunisdina
ATzt ponkUY axlloUUR ndeu wastnawenadu Inedeulaldrnug inve uasmalulagUyanusehivg
TunsuAtgymuazasnassANaUIINAIUNITaass damaliinnIsiauIAUARE vaTIAlazALEILTa Y
mawnlgm aaenaunsldvaluladognauninzan I1asugu wardasesssuagiusednsnm

TunauYaIFULIUNTIANSITBu AuLLIAnsEUIUNITERnuUUIEsTAan s R umaTulad

Jynyruseiug Ussnaudae 6 Sunay dail

Tufl 1 nsdsrauazszytign (Survey) JasuthiauaUszifu nioudsdniy wazeniang1g

£%

anumsaliiintuaseluiinuszdniureadisou Wenseduauaulauaznsfnegaduszuy Walenmalifiseu

q
o A

Fudsia wandsupnufauiiu wazssyussiuvidginsdeuiueldgmitmsfionsan wiousiuduinug

£

WansnensiSeuiluunSeudy ieadausyslanazanunsendndniuddAgveaient lnediSeuaiunse

UszgndldinalulagdyauseAvglunisdududeyaiiasiu insgvaniunisal vesiusiudeyaniieides

v
=

ileatiuayunsssydgmifienudaaunasaseunquundstu

uit 2 lauazAiaszvidlyun (Understand) daeutuugligFourianudilaussifundotigm
o duszuu Inefinnsananumune veulwa [euly wazdadofiiAeites nieumumuanuiidn wazdnw
Aununfn ngud nénnng viedeyaiinAuiiAsadesiulam eadsnrandlauazilusegndltluns
Ans1ganIunIsalog 1N aL uaﬂmﬂﬁuﬁnamﬁmJ53qﬂm“l&ffmﬂT,uIaﬁ“fjfgfg’lﬂizawﬁﬂum%ﬁamﬂumi
Aunt 5905 Snseifou wasdieseideya Weatuayunisdauaszinnuiuasldifudoyausznaunns
oonuuuLIMensuitymluduneudaly

Tuil 3 Aauazeanuuuuuamauidgmn (Think) fi3eufnuduairdeyanunasFeusvioluga
msBeuifasuiawionly sudsnslémaluladtygussivglunisdufu 1ias1esi LareenuUULLININIS
uitiym nurandsumuAndiu seauanude wagvhausuuldu Wedmuuumenisidoud uuie
viouumauddamfinainnatsegeadieassd tneldnmsfnddimsgilunswSoudisuwasdndonuuini

[14 of 22]



—f
May-August 2026, 4(2), e4205 Journal of Computer and Creative Technology ’==f I-_I f ISSN 2985-1580 (Print)
S/J 2 ISSN 2985-1599 (Online)

DOI: 10.65205/jcct.2026.4205 MNsasmeNiwesuazvaluladadneassa breperoed

(Research Article)

funnzauuazansaufiRldase el meluladtygussiugihminiduedodoatuayunsszaunnudn
mis'NLLmﬁw?agﬂLLUUL‘ﬁ'yaqﬁu nstUTeuiisununig wagnisamadeunudulyldveswuimaundegm
Taegisoududldgasfitalumsiiened Usuiliu uazdnduladenuuimsiianzauseauies

tuii 4 dudiunisuazasiioUfoR (Launch) i3sutiuuAnvdeuumafidonlfunaunuuas e
Fupounsdndurueradusruu nduasdiouiRiads Wy maveees nsadistunu madafanssy wionns
ﬁwnwazmumml,muﬁmaﬁ Tnguszgndldanny nsesdle maluladdyyussivg waznineinsiimunzay
il wLsaummam%mﬂiuiaﬂ{]mmﬂiuwﬁmumiawamaﬂumLLayLUiﬂumawammmnmam gunaal wie
ninensiunganiunisadimany sufviieneided osin uaranumzamesarmaden wiouss
duiinnszuaunavheu Jym quasse wagIsnsuilofifstussmiensindue

Fudt 5 ﬂnsuﬂuwamuuauﬂsumuwa (Upgrade) mLﬁaumwaauLLauﬂﬁuLuumamimmumawamu
yosmuas ameiitod Jed91Mn uasnadnsAntu snduthransUssiiuuastoiauouurangaou iou vie
walulagUgauseivg Widlunisensedu Ysudsauily wagiauinanunionssuiunmsiieus iiday
wangaukariusEansnmand sty Taomeluladdaygsziugrimihiiduniesdioatuayunsiaszsinanis
fuliunu msnsvaeudeunmias wazmsiausuuziuImMslunsUiuUTINaNueg1eseLies

Suii 6 Ynauenauuazazfoun1Fouf (Manifesto) fi3uuiiauerasny uuAn vionsvuauns
Seuiiildainfanssy diunsya madeu wiedeguuuudng 4 lasuszgndltimaluladdygyUseaugluns
ponuuULazIANdeUsEnounstiaus wiouisariieunsin n13Seus uasdszaumsniildsuannazuiunis
wavmn faouliideyatounduiiloiaiuusuastivusuummddunsimueson mntudidsuaglosdniug dofn
Ald$u wazazviouunumuvesnisldinalulad dygruszAvglunsaduayunisudtaminaoanszuiunis
iethludssgndlilumsieunseanumsaidulusunan

310 Figure 5. aguladn3usuun153InniIsiseus SUTLUM Model Usenauniae 4 asdusenau taun
faou Tuganiaidous melulaBdqaussivg waesdFou ndounssuiunsoud 6 fusou ldud n1sdsiauay
seulym msvhenudilasasinseilgm nsfawazeenwuuwimaidym nsaniiunisuarasiieujus
nsUSuUsmanuLasUsTdiung warn1suaueNaULazarioun1sous tneyIInNIsnNIEuIuNIToRNRUY
WamnssusniumalulagUyyiusshivg
6.2.1 NaN1TUsZIUAMAIULUUNTIANTSIS NS

HANSIIY A9 Table 2.

Table 2. Results of the Evaluation of the Appropriateness of the Learning Management Model

Evaluation Criteria Mean S.D. Interpretation

1. Systematic Structure and Conceptual Foundation of the 4.67 0.47 Very Good
Learning Management Model
2. Learners’ Roles 4.67 0.47 Very Good
3. Facilitator’s Roles 4.67 0.47 Very Good
4. Learning Management Process Based on the SUTLUM 4.60 0.48 Very Good
Model
5. Integration of Artificial Intelligence Technology 4.61 0.48 Very Good
6. Expected Learning Outcomes 4.67 0.47 Very Good

Overall 4.65 0.47 Very Good
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fanumuivaulaesiueglusedufuin (M = 4.65, SD. = 0.47) wansliiiuingusuudaudussuy
flesduszneunsuiiu uavannsnhluussgndlflumsdansiGouissiutsondnudildegamnzay
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afeassAuTiinTeiuazasUnads Table 3.
Table 3. Creativity Assessment Results of Grade 8 Students

Dimension Assessment Criteria Full Mean S.D. Interpretation
Score
1. Originality 1.1 Novelty of Ideas 3 275 044 Very Good
1.2 Appropriateness of Ideas 3 2.68 0.47 Very Good
1.3 Use of Al to Support Novel Ideas 3 267 048 Very Good
Subtotal (Originality) 9 8.10 0.82  Very Good
2. Fluency 2.1 Number of Ideas Generated 3 278 043 Very Good
2.2 Continuity of Idea Generation 3 280 041 Very Good
2.3 Use of Al to Increase Idea Generation 3 272 045 Very Good
Subtotal (Fluency) 9 8.30 0.71 Very Good
3. Flexibility 3.1 Viewing Problems from Multiple 3 263 048 Very Good
Perspectives
3.2 Adaptation of Problem-Solving 3 260 0.50 Very Good
Approaches
3.3 Application of Information Generated 3 257 0.50 Very Good
by Al
Subtotal (Flexibility) 9 780 0.86 Very Good
4. Elaboration 4.1 Completeness of Details 3 255 0.1 Very Good
4.2 Logical Sequencing Based on the 3 257 0.54 Very Good
Engineering Design Process (EDP)
4.3 Use of Al to Enhance Details 3 258 053 Very Good
Subtotal (Elaboration) 9 7.70 091  Very Good
Overall 36 31.90 1.45 Very Good

910 Table 3. namsiiasgianuAnaisassrvesinFeudulisoudnuli nuesddsenausa 4 A1y
wuin siiFeulienedesiuiniu 31.00 MnAsuuiy 36 Azuuy Feeglussdufun uarddudoavumasgu
Wiy 1.45
6.3.2 wansusziduanuanansalunsudiymessinGeutudseufnu i 2

HaN1sUsEuANansalunsuA Uy vesdniSsunenaen1sinn1siteus nuwLIAnnNsEUIuNIS
oonuuuidsimnssusiutumeluladtygdssivg suidetihazuuuildnnuuulssdunnlessiuavagy
szAUANAIITatuNTLATgYM 63 Table 4.
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Table 4. Results of the Problem-Solving Ability Assessment of Grade 8 Students

Assessment Criteria Full Score Mean S.D. Interpretation

1. Problem Identification 4 3.40 0.52 Good
2. Information Gathering 4 3.80 0.41 Very Good
3. Solution Design 4 3.80 0.40 Very Good
4. Planning 4 3.70 0.47 Very Good
5. Testing and Evaluation 4 3.60 0.50 Very Good
6. Presentation of Solutions 4 3.30 0.53 Good

Overall 24 21.60 1.90 Very Good

910 Table 4. nansUszifiupuannsalunsuidamuesindeudulsenfinudi 2 amuesdusznausta
6 s wud dnisufianadesauittu 21.60 anAzuuLLil 24 Azuuy JeegluszduAnuasiidudonvy
WANTFIAU 1.90
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ATeiUssuTsunadugninanisSeuresinis sudusenfinundil 2 deusaswddldsunisdnns
SeuiauuuAnnsruIuNTesnkuulImnssswiumnalulag Uyanuseivg Tnglduvunaaeuianadugys
nINsiEeuLuUUse vliadennau 4 fuden 919U 20 98 619 Table 5.

Table 5. Comparison of Students’ Learning Achievement Before and After the Implementation of the

Learning Management Model

Statistics
Test A
n Full Score Mean S.D. t Sig.
Pre-test 30 20 10.27 2.99
6.65 <.001
Post-test 30 20 15.03 2.33

910 Table 5. nansiUSsUTiBUATLULKaRIgVENINSTBunBULAL LS BY WUTn AvULdEnds
Fou (M = 15.03, SD. = 2.33) gandneuwSou (M = 10.27, SD. = 2.99) egefitsdAnmisaddfiszdu .05
(t = 6.65, p < .001) kanvhgUnuUNTIAMaFeusTiiAuTuansadaaTuadugnBmMamaFeure s Feuld
P llUTEANEA N
6.3.4 namsuszsfiuanufianelavesinGeuduisennundil 2 AfidensdanisBeunnunuafnnszuiunis
danuuulIAINIIuswiumalulag Uy usehivg
mui%’aﬁﬁummw%’agaLLazﬁwmauﬁmiwﬁmﬁ%a?{aLLazdauLﬁmwummg’m f4 Table 6.

Table 6. Results of the Satisfaction Assessment of Grade 8 Students toward Learmning Management Based

on the Engineering Design Process Integrated with Artificial Intelligence Technology

Assessment Criteria Mean S.D. Interpretation
1. Content and the Engineering Design Process 4.73 0.44 Very High
2. Learning Activities and Student Participation 4.62 0.49 Very High
3. Use of Artificial Intelligence Technology and Digital Media 472 0.45 Very High
4. Promotion of Creativity and Problem-Solving Ability 4.65 0.48 Very High
5. Learning Materials 4.66 0.49 Very High
Overall 4.68 0.46 Very High
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Abstract

This study set out to (1) build an integrated-data Decision Support System that targets, screens,
and tracks assistance for poor households; (2) examine what happened once it was deployed area-wide;
and (3) gauge user satisfaction alongside the system quality and suitability judged by experts.
Development followed a system-development approach within Participatory Action Research and the
System Development Life Cycle. The system linked three databases, TPMAP, ThaiQM, and PPP-Connext,
through an API tied to the Government Data Catalog and the provincial City Data Platform, then added a
standardized two-track verification mechanism and a three-level monitoring and feedback process
(tambon, district, province). Two instruments were used: a five-point satisfaction questionnaire for 56
trained officer-users, and an expert-assessment form for five information-technology experts. Five experts
confirmed content validity (IOC 0.80-1.00), and internal-consistency reliability was Cronbach’s O = 0.89
and 0.93. Once deployed across 657 agencies covering 21,521 households, the redesigned process
replaced scattered offline records with a single real-time platform. Assistance reached 4,613 households,
and every identified hardest-hit (“Living-with-Difficulty”) household was referred into state welfare. Users
rated overall satisfaction high (X = 4.34); experts rated overall quality and suitability high (X = 4.44),
though processing speed scored lowest (X = 4.00). Two caveats matter. The study did not measure
changes in household income or poverty status, and the Ol values describe the instruments, not how the
system performs. Even so, the evidence suggests that pulling fragmented poverty data into one DSS can
sharpen targeting, shorten the time needed to reach information, and make assistance more transparent,

giving other provinces a model they can adapt where data readiness is comparable.

Keywords: Decision Support System, Integrated Database, Poverty Targeting, TPMAP, Evidence-Based
Decision Making
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1. unii (Introduction)

anugnanludmiauasssdududulgmawalng anmsdrissazaeuniudeyavedlasinis lng
51&5@1‘14‘1’]’633@ Thai People Map and Analytics Platform (TPMAP) U 2565 (Thai People Map and Analytics
Platform, 2022) Sufunsasituf nuadideusinay 21,521 ASSU 59U 81,561 AW ns¥anglu 32 8ne tu
Sruuildnlvgnminugendn Gevay 87) lufifiduinfuduvewuies Gevay 53) uaiinnznildugs (Gosay
43) (Program Management Unit for Area-Based Development [PMU Al], & Nakhon Ratchasima Rajabhat
University, 2025) i’]zymmdwﬁ%%@mmzL%auiaqﬁuﬁaﬁﬁﬁﬁnﬁ@%ﬂuﬁuﬁ

nhguassafiuriaiawesmsuitymldlfegiinisnasulssnandiosegiafior wisgiszuudeya feunth
fdoyanuaunszdanszarsnamiisny dafuuuvooslad ldiduiagty wazvransusefununindidu
wAsgIU NaReLine A AIARBLABIN: UeAaFeugniuTaueitliau (Inclusion Error) vuefindaiouau
939ndunviay (Exclusion Error) Mstiewdedsandn s1dou uaznaraith Wedeyaliils fusmsfidadulaan
Usgaun1salnninmangu

uinedesvsguasvdulugiusamine §oidaiuil (Area-Based University) Saitaidumiae
nmsdrunanslunisimunszuudoya U‘wm’mﬁiwamumiﬁ’@umﬁzwaﬁuayumﬁﬁmﬁﬂﬁ] (Decision Support
Systemn: DSS) Uugutesaysans Asdeyaanuansuvasdifuunanosudoyaysannsseiuiminies
sruufie et danses Annunsthemdensaidousinau uavatuayumsdnduladelous Vel
#ean1svesliiidugiuvesniseonuuuszuy Idainnsiinsgsinnudesnislununeuntin (Popitikul &
Chimplee, 2026) Fas1aa1unaliuensnemn UﬂnmmﬁﬁwLawwmsﬁmmLLasﬁﬁzUU"LUW warlinIuNanIg
AATIzinLFDINTE

2. IngUszasAsuITe (Research Objectives)

1) ieiaunszuvativayunsindulavugudoyaysannis dmiuiih danses uagiamunistieimde
ATITouNUlUTMIAUATTIWENN

2) ileAnwmamsihszuululdludeiud fanisaseunqunisliou msdsdernutiomde wagns
atvayunsindulagauleuy

3) WleUszidiu (n) erwfianelavesldiisonisldnuaznisiuiuszlovivesssuu uaz (1) Aanmuas
ANUWINzaNYasTTUUAUan UnensIy Auvasndy n1sysaun1steya wasanuvinzauveunalulad ax
mM3Usziiuvesi ey iumalladasaume

3. MIMUMIUISTANTINLATNgufitieadeq (Literature Review)
3.1 ssuuatuayunisangula (Decision Support System)

szuvatfuayumsindula (0SS) Asanszuvasaumnanly assildlfifissdaiuuasnenuteya us
Anngsiteyariuuuuiassuazduanzinngudeyaiieiaenadenlunisdnduls Taswumsidnouiugly
(Scott Morton, 1971; Sprague, 1980; Power, 2002; lamsiriwong, 2011) 58131 DSS AR Uszneufeddiu Ao
LUUTIReTIATIER grudeyalanieia Anuaisavesrdndullunsianulym wasanuansavesssuuly
nslemeuAugld iy Kiattikomol & Kecharananta (2008) Wiuin DSS Hagdszananadeyafidnduuazuszii
maudeneguseumu lugadayarwinlng DSS lawaudniussuugsiadiniezuasmslinsizvideya (Business
Intelligence and Analytics) AlitesaiBsuszindaduayunisindulavesifuims (Sharda et al, 2014)

DSS sessunsinAulaauszdumutunisdanig Ao JEAUEY (Mvuauleu1e/gnsaans) sEAunang
(1NUNUENTIT) wazsEAUAY (AIUANNISUJURUTEINTY) wae mmmui’]z:u‘mqumimqaiwaqiuuimqaiw
(Armott & Pervan, 2008) 41lkun DSS aaﬂL"duﬂau Personal, Group/Negan‘uon ey Data Warehousing Uil
Shim et al. (2002) p5UIBFNIFUILNTT DSS Lua3Iug1 (terative) '1/|Lswsumﬂwﬂmmmaaauﬂau Tuusun
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Ay DSS ddgyonisduindouulouisuuusai (Targeted Policy) fil#teyasnensaieudeniunmsinass
ninensog1udusssy ﬁqﬁwws’]ﬁuﬂ’fyzjﬁmiu%‘mimuuazmﬂﬁv?ﬂwnm%’gmuiwuﬁﬁﬁa WA, 2562
(Digitalization of Public Administration and Services Act B.E. 2562, 2019) fiwualviviignuvesszinvideya
TugUuuuAdva uasdeulsswanidsutoyasevinetu fadugumengmnevesmsysannsdeyalumaded
3.2 guteyanuauysannisuazn1idl

n38Lde1nau (Targeting) fiarudssansduiaue Ao n1ssaugliaudun waznismnvaudauaie
Qmm‘wLLazmmmaUﬂqmaagw%’aaﬂaLf]uﬁaﬁmummmLLajuEﬁﬂﬁmamﬂ (Coady et al., 2004) Uszinalng
WAIUITZUU Thai People Map and Analytics Platform (TPMAP) Lﬂugm‘ﬁayja‘?}llﬂ’]

AMNEINAUTEAUUTEINA T D uSufInugausien1sasunuteyaninauny (Thai People Map and
Analytics Platform, 2022) pg19lsAR %auawmum’mmLuawmmmmmi’mmlﬂ mSLﬂmLauUimm’lwaua
masziaduieulvd Ay ammimmuemszjauua gituaulUssla (Janssen et al, 2012) lunusguia
3\8nnsefind (e-Government) 15\ diauseduszuy (Interoperability) Lﬂumau"lfum’mmLiﬁmmmwamaa
N5YIINITeYan1Asy (Scholl & Klischewski, 2007) uaznsiamuninlasedvainmslvdeyagnisysannis
Wiasu (Layne & Lee, 2001) vuideilsiosandenistn TPMAP snysanmsfugiutoyaduuazsioiude DSS
ilelitoyaudandumsdndulalsnds
3.3 AnudnIakasn1sUszliussuuasauma

msUsziiunrudifavesssuvasaumnatouluuusiansues DeLone & McLean (2003) fiadnmuniw
szuu AN mdeya wazannmuinmsuiimmaaufisvelawasnisldusslend diunnseausuredldedue
fBLuUI1aas TAM (Davis, 1989) ﬁ%ﬂwmi%’uiﬂiﬂwﬂummmdw

Tunsldnummunniseensu sassd Nielsen (1993) 2neswdnnseaunisiday (Usability) 9uidedss
UsniiussuuidnuarufisnelavesgléaiauazUssavnmiBanadalned oy
3.4 yATsTiNEIdauazvasinenside

mu?%’ﬂuiwwé’q%’hmi%Lﬁ’lmm&JWﬂﬁ]uL%qﬁIuﬁWLmu&TW’faamﬁi’amwaamm%’ayjawmaLma'qashq
\Jussuu 1u mia%ﬁdﬁmﬁmmEJ1ﬂauﬁjdﬁuﬁmﬂﬁay’aqﬁaﬁaumFiLLaz%a;ga‘iuu’mstg Putri et al. (2022) uag
nslilassadreiiugruativayunisdnaulawuuesulatiifioysunnisulouedeiui (Ran & Nedovic-Budic,
2024) yauzfifaduanudnsadAyvesteyaniaigieg i seiuadinizvesmsvinnusufuvesteyadiu
w189 (Data Interoperability) SswaneUszinad winlgluiiiud (Wahyuni et al., 2024) dewfleutuemumani
sruuitimunluuneuiifanuunniauagenslmiauusens fo (1) maysannsgudoyanuauvaisgiuves
ne (TPMAP, ThaiQM, PPP-Connext) #7114 APl L9 nduunannesuien (2) ﬂalﬂaaumuqmmwsﬁaagaﬁwmu
nszUIUMINIdInsesrLiUMInTIRausaluld uas (3) fuaiuayumsdndulafidndduaudiemde
uazAnmumanuuasEiuRLTunIsUITS Sududuiissuuieyaruauifuvedinedna

4. NIBULUIAANIIUITY (Conceptual Framework)

nseuLRnTRsITeiiosussTuumumLELTuS LU RS e -nsEUIUNS - NaREA-Na WS (Input-
Process-Output-Outcome) IngUadeidn Ao Yayaniiisouginauainualuwnas (TPMAP, ThaiQM, PPP-
Connext uazdoyaniuioulszuwemiionu) nTsUanns o MsysuNsToyarIu APl N13aBUNIY
ALATNTBLAABINTEUILNTT LasMTliaT o fndiduautismdedaetu DSS wandn Ao unwuedaiinsiei
wuuiSealnd nsuansraleiiansaumea MITaaiuauswiureniiteu LarssuuAnnunsdwe du
wadws Ao aruusiudilunmstil anunagilumaddcioya mafinnumstiemde uaseudfisnelavosld
Fadonlostuingusrasduaziadnnsussdiulaonss feilinsrviunsinnunasdeundudoyaauszdu
(Fa-sune-savin) dwmansinnudeunduluvsugmunmieyandiogisdeiles fa Fisure 1. Faidu
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nspuLnAMBmIINzYesAfeiidentuinguszasduasiaiin unnieain Fisure 2. (Fafo 5.2) Fauansane
nslyavestoyauaznalnnsdndulavesssuuludajun

Multi-source poverty Integration &
data analysis

* TPMAP * APl integration

* ThaiQM (Government Data
* PPP-Connext —— | Catalog, City Data

* Agency Platform)
vulnerable-household * Two-track data

data verification (social +
automated)

* DSS analysis & priority
ranking

4
1
I
]
]
1
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1
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]

]

]

1

1

]

1

1

]

1

]
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1
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]

]

1
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Results & indicators System deliverables
e Targeting accuracy ¢ Real-time dashboard
* Faster data access * Geo spatial (GIS) map
* Assistance tracking <—| * Household priority
(4,613 households) ranking

e User satisfaction * Assistance-referral
(linked to research tracking

objectives and
indicators)

Three-level monitoring & feedback loop (tambon, district, province)

Figure 1. Conceptual Framework (Input-Process-Output-Outcome) of the Integrated-data DSS for

Area-Based Poverty Targeting and Assistance Tracking

5. A5AUU9UI (Research Methodology)
5.1 3111,wumﬁifaua3ﬁuﬁ

A dunsidudetannszuu (System Development Research) fisniiunelinsifoidaufofing
wuuld@Iusan (Participatory Action Research) LLazLmedL%ﬁuﬁ (Area-Based Approach)IﬂEJLLm%Nﬂgﬂam
vulszanudiluutardurenaasmaiaunssuu (SDLO) namfe maddedsfoanmsuuuiidusulfludy
\uanudeanisuarasumudayasaudun@luiiud wumadeiuildmuunvouamiisiiasgsisedu
afdeuua-sune-Surta warmsivasyuumn SDLC Iluduiinseyt senuuu Waun negeu wazdwey
ﬁuﬁﬁwLﬁuﬂﬁﬂiauvswam%’wi’muﬂiiwﬁmﬁﬂ 32 9109 Waradantu 4 81LNUITY NITWNAILIYITINAUAIA
\w3pY1e 17 ey amadenis N1AST MALNTY kazn1AUTEIFIau lngunIng1§us1vA quUATIINENN
Wumdedanmsdiunans miaaﬂLLUUmumaaauu%mmmmmmwmmumwmmﬁwimmﬂmsamﬁﬂmmm
Fosmsuvunaunavluanuneunii (Popitikul & Chimplee, 2026) unaruissliviauensyurunisfivan
Foan1391 wisteunsulatnudesnismandudusruuildnueie msidedindunsnmeldnisiuses
93533038 lunyed uvnInendesviquassedn il HE-142-2567 (Gusesiuil 27 fugiou 2567) A
nanufeysy1ieadan (Declaration of Helsinki)
5.2 MINAUISEUULAENITYIUINTSTRYa

NSNAIUITA9ATNITNAIUITZUU (System Development Life Cycle: SDLC) (Sommerville, 2016) safiu
LUIAATEUUYTUING (Integrated System Approach) 13 4910y suInsgIudeyanatsunas laun TPMAP,
ThaiQM Uagg1utayansisouras PPP-Connext Imm%au%@gamu Application Programming Interface (API)
fislofu Government Data Catalog w94n1A¥5uay City Data Platform v0334vin wdrsauAudidunnannesy
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foyaysanmsseiuimin esdusznouiiiauniulszneude wavesninsziuuuiFealnl mauansadend
ansauwmna (Geomatics) kUU Thai People Map $¥UU DSS VAR UALTUAITIANT LAZITUURARINLUY
Feedback Loop @uszau (Mua-s1une-191in) ﬁgwumaamwuiﬁaaa%’uqﬂﬂiaim?{auﬁ (Responsive Design)
dieldaunnauy ssuuRadae Node js dmsutuuinisuay REST APl uazld Python dwiunisysunns
Toyaunznisiiset (ETL/Analytics) aifuuugiudeyaidaduius antnenssuuiaduddu (Presentation,
Application, Integration Uz Data) wiennsdunsesdosaniu POPA Tnsdriunsinavesieyaduudundstoya
N5YsUINIT Msaeumuaunm laudnalnnisdndulavesseuu (Msliazuuuyunsislin 5 48 n1530
nauaidou nmsdndiduaussdan uarnsfuguyiemie) uansda Figure 2. isdlvauivansiaunly
memummumwauaﬂi’;LiaummuuwmmmiLLawuuivuuauUauumwmauia @1 PPP-Connext ua
City Data Platform (fussuuiifiegifuluszduimin/sana fanuiidoudoduntiu APl nalnddyfivinli
Toya1u T ofi0A DN1TADUNIUA AWV ULIATFIUN ILADINTEUIUNTA T NTEUIUNTN1EIAN (Social
Process) AUszauthyuvuLazeddnsyuvusiua 289 uialsdudutouaninauiy LaxATEUIUAITNG
walulad (Technological Process) fil#n1smsraaounmnndoyadnludf nsfauiuiadu 3 dunous 14
Nanssugey Ao 1NUNWITAILITEUU Feedback Loop WmunszuuRnnuuay Feedback Loop wazajusneuma
nsfnnu Mmiudweukazaustmeneansldiuudidnii 56 auain 18 uhea

L 72 =l
Poverty databases Consolidate via API
* TPMAP * APl integration
e ThaiQM —— | * Match by national ID
* PPP-Connext and area code
* Agency * Deduplication &
vulnerable-household reconciliation
data

DSS: SCORE & CLASSIFY VERIFICATION

Decision mechanism Two-track quality
(1) check

e Score 5 livelihood <«—| * Social process
capitals (community)

* Classify: e Automated checks
living-with-difficulty / ¢ Reduces inclusion /
hard / getting-by exclusion error

|

DSS: RANK & MATCH OUTPUT & DECISION

Decision mechanism Act & monitor

(2) e Dashboard / GIS /

« Priority ranking (crisis |~ ™| referral tracking =
level) * Evidence-based

e Assistance-menu decision (4 policy
matching dimensions)

Three-level monitoring & feedback loop (tambon, district, province)
Figure 2. System Flow and Decision-Support Mechanism of the Integrated-Data DSS (Data Sources —>

Integration — Two-Track Verification — DSS Scoring, Classification, Priority Ranking, and Assistance-

Menu Matching — Output and Decision)

[6 of 14]



May-August 2026, 4(2), ed212 Journal of Computer and Creative Technology I-=f I-=I ISSN 2985-1580 (Print)
DOI: 10.65205/jcct.2026.€4212 Msasreuiimefuazaluladainsassd =/ ST ISSN 2985-1599 (Online)

(Research Article)

nalnnsadvayunsinaulavesseuLULNAEILEEN1TINEIRUANEAY Tldiiean1suansey
NATIAB SYUUTMUNATITEUNNTEAUAININGR (Crisis-Level Priority) Tnguseliunun1smssdn 5 45 lawn ynu
uywd UNIBAM UiATHEY MUsTIINIR uazunedenm windnnauasiseusenilunguegdiuin nquegen
wagnauwoagld Mniuiugngutmanefumynisdismdeaniziiui (Area- -Specific Poverty Alleviation
Menu) LLauLauammummLiamuﬂuaamiaamaimuwmmavimuwmim nalnivilfssuudidnuamdu Dss
Audastoyaidumadennisinduls lillvifisunsuosasenusalusumsysanmsteya seuuidendeyasn
wiazguienstugaiuieuiuarssSiisrsunassiaiuil udrwdadeyat (Deduplication) #ans
deyalinsuiiunaztoyataudenisngn1ssiudeya (Data Reconciliation Rules) nauKIUNITHRUNIUADY
nIEUILMS TedanuaamedouTesnstihismduaesussan Ao Inclusion Error (MstfusauataiFeuiiliay
939) wag Exclusion Error (M3mnvauasadouiiauase) mseanuuunssuiuntsaeunussananivnuidassaing
yosnnuAadeutiaes ag1tlsfiniy nuitedusadunadinariludinssuiunisuagnsiuivesdld fl¢¥a
§m31 Inclusion/Exclusion Error kazszezinandfseyaduddiasieu-vdsaeldnsesnuuuidmaans 49
Hudedriaiszylilusdooiusena
5.3 nmsUseiliuszuu

Uszifiuszuuasasnuauuuinisuszidumnud i evesssuvansaume duiinis anuilmelaves
L%’mﬁﬂﬁ;ﬂ%muﬁq 56 AU FUFNUULLNEA (Purposive Sampling) annidwihfifiiuniseusumsldaussuy
AILUUUADUNINNINTUTEUIUAT 5 SEAU ATOUAAN 5 AU Ao ANazAINtuNTsidau nsuaning anugnaes
asuduvesdoya Ustlovidensatuayunisdnduls wazanufiawslanmsin Mudiaes quniwiazady
MU AUUDITLUY UszLﬁuimEJQL%m%wﬁmmﬂuiaﬁmiaumﬂ 5 Al (System Analyst, Data Engineer,
Cybersecurity Specialist, Software Architect wag Database Administrator) 7 A ALE DNWUULIZ 9N ILAINY
Bomgiitisadeslnonss aseuagu 5 su Ao aandnenssunaznisesnuuy anudasadsdeyaniu PDPA
arunalumsdsznana n1sysan1sgIuteyatu APl uaramngauvoualulad e nsusudivlne
Jimmqdunisionsanquamuazanumnzansnsesnuuy flimsiaussansamdanaialaonse 1y
nameuaussvideswulindouty uuasunuisaesyerumsnnaseuaunsadademilaediFeinn 5
au ldduiimuasnados (10C) semine 0.80-1.00 (10de 0.92) yndesiiunaust > 0.50 Iinsresidaeradouas
drudoanuuinnsgiu wananunasives Best (1977) waznageuanudesiunuuanuaenadesniglusie
&udszAvuearvesaseuuin #A1 0.89 uag 0.93 mudidu egandunast 0.70 Taernilagiounuideiiuves
wuuUseiiiy dlyuseaniaimnsinauvesseuy
6. Wan13398 (Results)

Han153detnanenuingUizasraiude fe wide 6.1 neuinguszasdate 1 (MsNwWITEUL) Hite 6.2
nauingUszasave 2 (kan1sunsyuululy) wasiite 6.3 uay 6.4 neuinguszasates 3 (MIUsuiiiusyuy)
6.1 wanismuszULaTUayunsiadulavugutoyaysannis dmsudidl dansas uazAnaunis
PrewmdenidFousnauluiminuasadun
6.1.1 aa1UnenssuuazaAusznauvaLsEuy DSS

unasosudeyaysannsivimihifulassadeiugutesanarmesimin Weudoyadoinauanvane
57U (PPP-Connext, TPMAP, ThaiOM kazdadan$ai3ouiUs1zun99eaniieausiig ) d1ussuianasiuiy
sAUsznaUndnuaziiagulilu Table 1.
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Table 1. Components and Functions of the Integrated-Data Decision Support System

Component Function

Data integration Consolidates TPMAP, ThaiQM, PPP-Connext via APl to the Government
Data Catalog and City Data Platform

Data-quality verification | Standardized verification combining a social process (community
confirmation) and an automated technological process; reduces

inclusion/exclusion errors

Real-time dashboard Real-time analytics on poverty status, trends, and model progress;

mobile-responsive for field use

Geomatics visualization | Thai People Map / GIS view for cross-area comparison and spatial

targeting

Multi-level DSS Same data, role-specific views for upper, middle, and lower

management; model-based analysis of options

Feedback loop Three-level real-time tracking (tambon-district-province) of assistance

status and referral

o ' ¥ R 3
6.1.2 H19819UTIN1TTUUNNRUIVY

A081NNUI99IZUUTNRAUITULAAINT Figure 3. (a) (b) (0) Usznaumisuaguainiiasizinuuiiealng
ATWARINATINUN (GIS) warsEUURNAILANTAIRDAIINTIEEaNSDY Timeline

P A Duhbowd oot RS- )
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AMuYwmAsAiITou
JamFauasirein " "

= i
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A
' ‘i’ N e @ 105,602
sl =i _=\ |

ot wgano # " douii o
O ] Sagunm st
212 » T
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o eutdonnivire
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- T S—

5 B
I e —— meites
Lo~}

(a) Real-time analytics dashboard

Figure 3. User interface of the Developed System: (a) Dashboard, (b) GIS Map, (c) Assistance Tracking
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375 15 360 203

Timetine A tieanfionan

WwAns dormredin 56 wenriiv:

S
2 =3 =3
oo

250

(c) Assistance referral and tracking (feedback loop)

Figure 3. User interface of the Developed System: (a) Dashboard, (b) GIS Map, (c) Assistance Tracking (Cont.)

6.2 wanisihszuululdludenud vannsaseuaguansldan msdedaninutiewmde waznnsatvayunis
andulaeuloung
6.2.1 uan1sihssuululduazuanszny

szuugnildasadluaenine Inefidld 657 wireau wiadumiesnuszivulouis 32 wieanu aedns
UnAsesdusiaadiu 336 U uazesdnsyuTiUA 289 wis grudeyaiugudnseunquatIieusnIu 21,521
AsISuU (81,561 au) Tu 32 81Lne 253 d1ua 1,839 miUnu lanzl 2567 ssuurumiaziudutayaniiisou
g nauld 2,553 auseulu 4 dunetses

wan1sthszuululdassiounisusunseuiunisdeyaanidudidadunuusenlal uondiu wazvianis
Useiuamn i lWgunamosuysannisuuuidealnififinsaeumuaeinszuiunis nseenuuulmithjsanang
1391A598519984 Inclusion Error wag Exclusion Error LLazﬁa&flﬁé’ﬂﬁﬁ’ﬁwurﬁwﬁﬁmﬂamLﬁmﬁ’uiﬁmm%a%u
aiinmaiUFeuiisunou-ndsdunuilidunmadioudisudanssuiunis (3 Table 2) fl§TnAUszansamnisd
Whuazszezaninfedoyaduduavieundaineldnmsoenuuuidmeass dmsunadeuTinuinsaasuld
szuvdaiernutiemdeliiniaseulste 4,613 afadeu uazadadeunguegdun dadunguiusizunsiigeaiign
it Ixsumsdaiadngatafinissgasuynaiaiou Gesar 100 veanduegdiniigndiln) ilelieunald
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anees mu?%’aﬁmuﬁa%ﬂ’mﬁﬁmlifﬁqﬁ Uszangnmnisaidn (Targeting Efficiency) #un884A1U@I1150U04
szvulumsszyaiaeusinuiiuiaidliasudauuazgneas Inclusion Error vsnedadadiunsuieudigniiu
sataitlaiauais Exclusion Error manefsdndauaiaiouiisusiusinnvau szoviaadifedoya (Data Access
Time) munedsaiglildlunsiongieyansaseudiseanis uazdnsnisdaiodse nuneddndiuniabou
nquiimanefildfumsdsiodngatains lunudsnmmsdwiodidataldiduduay dusdtadulsaduds
N3EUIUNs AensilSeuiieulu Table 2.

Table 2. Structural Before-After Comparison of the Poverty-Data Process (Qualitative)

Aspect Before (2021-2023) After (2024-2025)

Data system Fragmented, offline, not real- | Integrated platform / PPP-Connext; real-time

time, siloed across agencies dashboard; APl to Government Data Catalog

Data quality No standard QA; Standardized verification (social +
inclusion/exclusion errors technological); higher targeting accuracy
Referral & tracking No systematic follow-up; Five-capital referral; real-time feedback
delayed reporting loop; 100% welfare referral
Decision support No DSS; decisions from Multi-level DSS; evidence-based policy in
outdated data/experience four dimensions

6.2.2 uan1satiuayun1sanduladuleung

Tudsnssndula unanrlesuiisossunsldnuauuuy o nsaunu msinmuma waznisiadulads
wleune AUsmsseruiminldteayanseunau 21,521 ASATOUINUNUENSAIERS 5 U (W.A. 2566-2570) SYUUL
Module nsesdoyanasfin (grudeya Teuuszana fudl uazdnuuedam) sldnusuuuuyadhld dregs
nsdadulafiAnduade iy Wessuudnnguesaioundadunduegduininazuuuyu 5 Safidlufuiioy
o1fBuazLATYEAY SEUVITdRd IR UMM uLaT oLy StemAeTiaenndes 1y mIdedoitgataing
duflogordeuarnisaaviiniaudou udfamuaniugnisdsierussuy mafanuravuuuFealndiuuas
vefauarnsuanmadsiui daumsfndulauugiuteyadessinteseunay 4 Ussiiuddy fo niuenseuy
Fofivh aunamTIn waznisAnun maideudoyaniu APl fU Government Data Catalog §adnlvinsaaaey
Foundsld dredurulusdlauasanuiuiaveuvesnsaiiununindg
6.3 wan1susziliuauitanelevesffléiiitdemsldsmuaznnsiuiusslovivasssuy

HAN5ITY S18azLdLAna Table 3.

Table 3. User Satisfaction with the System (56 Officers, 5-Point Likert; Cronbach’s Ol = 0.89)

Evaluation item Mean S.D. Level

Ease of use 4.34 0.75 High
Interface and presentation 4.41 0.65 High
Data accuracy and completeness 4.39 0.71 High
Usefulness for decision support 4.34 0.77 High
Overall satisfaction 4.23 0.76 High
Total 4.34 0.74 High
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910 Table 3. wuin Wmihdigldau 56 aulssdiumufisnelalunmsiueglussduinn (¢ = 4.34, S.D.
- 0.74) 3 asilefimuidosiugs (Cronbach’s O = 0.89) fuilldazunugegaAerumsnuLaznIsIanwa (¢
- 4.41) uazmnugNFBIAsUTIUTesTeya (F = 4.39) Azuuuynsuasiauslusefuunn
6.4 HAN1IANWIAMAINLATAMNWINZANYRITTUUA AT nEnTTN ANAYaRAdY A1sYIaN1sTaya
wazauwInzauvaamalulad munisusafiuvesdifsrvgdumaluladansaume

Ademaiumalulaasaumna 5 auUssidiuguanuazanusnzasvessruuluammsEs N (X
= 4.44) eia3 eadoUszifiufinnnand osfugs (Cronbach’s O = 0.93) suilldufigadeaniUnenssuuaznns
99NLUY AMUABAREAIY PDPA LazaNNmanzauvosmalulad (X = 4.60 i) vaigfiamialunis
Uszanawaldazuuusign (¢ = 4.00) Ssaenndosriutolausiuzvesdidormalyiiu Cache Layer dwsudoyai
Benques finanisussiliuiagioununmuazanuingandinisesnuuununsinnsanvesiifeg i
MyinUsgansnmidanaiamenisnageussuulaenss 1wazdenads Table 4.

Table 4. Expert Evaluation of System Quality and Suitability (5 IT Experts, 5-Point Likert; Cronbach’s Ol = 0.93)

Evaluation item Mean S.D. Level

System architecture and design 4.60 0.55 Highest

Data security (PDPA) 4.60 0.55 Highest
Processing speed 4.00 0.71 High
Database integration (API) 4.40 0.89 High

Technology appropriateness 4.60 0.55 Highest
Total 4.44 0.65 High

7. @3Unan13398 (Conclusion)

mideilussginguarasdande il autnguszasdde 1 i DSS vugruteyaysanisfis
TPMAP, ThaiQM Wag PPP-Connext LU1aeiun 11 APl wiauuwaguasaiealnyl nsuanmaidendaisaumna
NalNAUMUANNINABINTTUIUNTT kavnseuIuNsinauLasdaundutoyaausedu muingussaside 2
sruugmirluldaielu 657 mirsaiu aseuaqu 21,521 afudeusdmin Insdsoninuraemie 4,613
¥1Feu uavdwiensadounduagduniignitidngatafinissgesunnatadou Tnenssurunstoya/dsuan
sorllatduazuendruduysannsuuuisealngd uagsesiunsdndulavugiudeyateszdndlu 4 fhuleue uag
auingusrasde 3 {19 56 auflanelaseduun (X = 4.39) wazdFervgy 5 Audszidiuqunmuazady
WnzaNTessEUUIERUNN (& = 4.49) TasiaTesdiousuiliufiennuidodiugs (0L = 0.89 uay 0.93 mudndiu) fiail
ATl daguitsruvanmuenauresadadoulanss esnddldldanisudsunasiuneld iy
M30a01UEAINYINIY Lwiiwmhﬂaﬁuayuﬂﬁ%yl,ﬁ’l msfianumstiemde uazmsdaduladeiud

8. afius1enan1333e (Discussion)

nansauaenndesiundnnisues DSS Aauanlildegfinsiiudeya uiegfinisudasteyaily
madenmsindula (Shim et al, 2002; Power, 2002) ialsufuauilisides ssuuilnalUlufirmaiontu
Ran & Nedovic-Budic (2024) #iinlassadeiugruaivayunisdndulatisysanmaulouiedsiuild uazaen
$uifu Putr et al. (2022) f1MsThANuenaudsiuiidemaousndoyanasunds udrnsoenlunssiiond
ysanmsgudeyanuauveiniasglvevasgrudsheiu uasiiunalnasumunuamdinaiunszuiumsnis
FinuvaaguautunInsIvaousaludd dameulonddedidnsunisyhausiwiusesdeyatrunirsnud
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Wahyuni et al. (2024) seyindaduguassadidny uenainiinisesniuy DSS wuumassedusmsatutums
Famsanuseiu vlvfuimsusazsziuliteyaymieiulugume s fuunumey drunszuiunsinny
uazdounduasiioudnuairaniugives DSS Adeusuaruutsmnuadoundu luudnmsussdiu {lilvnsuuudy
AugnsevesteyawavUselovdnenisdndulaluszduuin aenndetuwuudiasninudisavessuy
asaumeafiiguamsruukazaunndeyathlugnsliussloviuazmnudianela (DeLone & McLean, 2003)
othalsinn shuanudlumsdszananaldasuuusiign (e = 4.00) fafugaidiossulsadanada uagaini
Fetuvensdesile (@) WuiRsudtiauaenndosnmeluresuuuusadu Slandngududuussansamnns
UVRITEUY

ot9lsfd nsfnuniliifedidaiifesssy Usenausn dudunislumiauazssuuiien Usznisiiaes ms
Wisuifisuneu-ndududenssviunisuagnisiviveeld WldYaussaniamnsdidi §asn Inclusion/
Exclusion Error wagszeznatnfseyaidumiiavnou-ndaneldnguiuiouiiisuidmaass Ussnisiia
Favn1stluldsesulasanis (657 Mueu wag 21,521 asSeu) Wukasuvasknannasusesuiamin Al
a3t DSS teadiita uagUsen1siid nsUssiduldils 56 aunardidennie 5 au fudintesdioasiimnuiesty
39 wimsvenenguiusziiunasnaaeuluiunimiadulunussly

9. daiauauuzauIde (Recommendation)

1) Forausuurlunmsthluld: ansanmsuszfiufishuamiuiilunsyszmanaldrziuuiian msUiuuss
UsyAnBnmdamainogadugUsssn 1wy naifinduuat (Cache Layer) dmiudeuafiiongues msusuus
N139AN15 API LLasmaU%meiagm%’asga (Query/Index Optimization) wenandasdaUuunanesuididy
Tassadeiugrudoyaniisvestanin wienresssnivateyauaznisdunsosioyadauyanam POPA Ti
Forau Hedimsvenenaludidmindunisideulvnnundoureu 1 snsgrudoyaiaenadesiu anusuie
sgriamieau Tassadiiugumaade wasyeansgauaszuy Tlanisvenssalasiiui

2) Forauauurlunsifondsdely: mseenuuunstananou-ndadausinaiinguuisuiiou o s
UsgAnEnmn133ii1 §a371 Inclusion/Exclusion Error wagszeziiadndedoyasgiadussuu tindiuauuas
ANuvaInvatgves lglun1suseiiu Uimﬁu@mmmswé’wLﬂ%‘anﬁauwm5§wu (19U System Usability Scale)
uarAnmumasreveniwadEimgueamsly 0SS denstithuasnatiemdensaieusinay

10. AnAnssuUsznA (Acknowledgement)

unenuiiJudunil wedlasinis “msimukazenseduwnanlasuianisuiledymanueinau
Jm¥aunasswdun” @ygnavil A11F670139) aﬁuaqﬂmwmw%mﬁLLaxfﬁ’mmﬁquéfﬁuﬂﬁﬂ’muﬁsﬁuﬁuﬁ
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Abstract

This research aimed to (1) to compare students' critical thinking before and after the intervention
within each group; (2) to compare critical thinking between the experimental group and the control group
after the intervention; (3) to examine the effectiveness of the learning activities; and (4) to examine
students' satisfaction with the learning activities in the experimental group. The sample comprised 42
undergraduate students obtained through two-stage cluster random sampling. In the first stage, eight
academic programs each offering two parallel class sections were identified; in the second stage, one
program was randomly selected, and its two intact sections were randomly assigned as the experimental
group (n = 22) and the control group (n = 20). The research instruments consisted of lesson plans, a
critical thinking test, and a reflective thinking assessment form. Data were analyzed using mean, standard
deviation, t-test, and the effectiveness index (E.l). The findings revealed that (1) the posttest critical
thinking scores of the experimental group (X = 26.32, SD = 1.36) were significantly higher than their pretest
scores (X = 12.59, SD = 1.44) at the .05 level (t = 31.04, df = 21, p < .05); (2) the posttest critical thinking
scores of the experimental group (X = 26.32, SD = 1.36) were significantly higher than those of the control
group taught through conventional instruction (X = 17.65, SD = 2.28) at the .05 level (t = 15.14, df = 40,
p < .05); (3) the leamning activities implemented with the experimental group yielded an effectiveness
index of 0.5008, higher than that of the control group (0.1722), indicating that GenAl combined with
reflective thinking activities effectively promotes students' critical thinking; and (4) students in the
experimental group reported overall satisfaction with the learning activities at the highest level (X = 4.60,
SD = 0.62). These results demonstrate that applying Generative Al together with reflective thinking
activities, as a tool supporting reflection, can enhance the quality of learning and constitutes an

appropriate approach to instructional design in higher education in the digital era.

Keywords: Generative Artificial Intelligence, Reflective Activities, Critical Thinking, Higher Education
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1. uni (Introduction)
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Figure 1. Generative Al-Assisted Reflective Learning to Promote Critical Thinking
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Table 1. Comparison of Critical Thinking Development within the Experimental and Control Groups
(Paired Samples t-test)

Group Testing n x S.D. t df p
Pretest 22 12.59 1.44 31.04* 21 .000
Experimental
Posttest 22 26.32 1.36
Pretest 20 13.00 0.92 10.95% 19 .000
Control
Posttest 20 17.65 2.28

Statistically significant at the .05 level.
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17.65 (S.D. = 2.28) Insfazuuundoiadu 4.65 Azuuy kaNMIvABUNUTIARLLLNEIFoUTDIABINGLZIN T
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HAWSEUTIEUNMSANTININESENINNGUNARDILALNAUAIUANMEINTVIAGDY Aakansly Table 2

Table 2. Comparison of Posttest Critical Thinking Scores Between the Experimental and Control Groups

(Independent Samples t-Test)

Group n X S.D. t df p
Experimental Group 22 26.32 1.36 15.14* 40 <.001
Control Group 20 17.65 2.28

Statistically significant at the .05 level.
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Table 3. Effectiveness Index of the Learning Management Approaches by Group

Group Sum of Sum of Maximum E.l Learning
Pretest Posttest Possible Progress
Scores Scores Score (Full (%)
Score X n)
Experimental Group 277 579 880 0.5008 50.08
Control Group 260 353 800 0.1722 17.22

6.4 aAnuianalavasinfnenddenisiafanssunisiseuivangunaaas
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a¥9assh (X = 4.62) wazsnuil 4 Uszlowifilédsu (¥ = 4.61) dausuifidedesiano sudl 3 nsduaiuns
ARTIINING (X = 4.55) Aauandlu Table 4

Table 4. Means and Standard Deviations of the Experimental Group’s Satisfaction by Dimension

Assessment Dimension X S.D. Interpretation
Learning Activities 4.65 0.53 Highest
Use of Generative Al 4.62 0.53 Highest
Promotion of Critical Thinking 4.55 0.66 Highest
Perceived Benefits 4.61 0.63 Highest
Overall 4.60 0.62 Highest
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fiamelalassiueglusziusnndign (¥ = 4.60, S.D. = 0.62) wazdanufiemelannsdueglusziuuniiagn Tnefu
AanssunsiFeuiiiandsgean (X = 4.65) sesawnfesnunislityausziviideaiisassd (X = 4.62) s
Usslewifildsu (¥ = 4.61) uagdunisduaiunsdnidaining (X = 4.55) sudiu uanslidiuindndnw
gonTuuAzilviruARdIUINANTIARINTTUNMTTUTTUMUUATNET

8. 8AUswNAN13ITY (Discussion)
8.1 nan1sSeuliisun1sAnideinindvestinAnenauuazudinisiananssunisBeuinieluusasngy
nanmdenuiindnwnaumaasdiliunsinfonssumaisouslaelitiyanussiviidaiieassd sy
AanssuagyioufndlnzluuNSAATAININERSUSTEU (X = 26.32, S.D. = 1.36) ﬁﬂﬂ’J’]ﬂ’aULiUu( =1259,SD. =
1.44) pgaiitedAgyn1eads (t = 31.04, p < .OOl)ImauﬂsLLuummuLaaa 13.73 AzlUY YzlAInUY UnAny)
ﬂaliJﬂ’JUﬂu%ﬂlﬁ%umﬁj@ﬁﬁ]ﬂi'iiJﬂﬂiL?EJU%JLLU‘U‘Uﬂaﬁiuﬁuﬁﬁ]ﬂﬁmﬁzﬁauﬁﬂiﬂEJlﬂ‘Zf‘UfUmﬂﬂﬁzawﬁ%ﬂﬁ%’mﬁiiﬁ
fnzuuunaduseY (X = 17.65, S.D. = 2.28) gandineuiisu (X = 13.00, S.D. = 0.92) egreildydrAyneadia (t =
10.95, p < .001) Inefiavuuuiinduade 4.65 Azuuy LLamI‘wmmwm]ﬂiimmiLiaugmaamamﬂqummm
duaSuimumasunisindainnsld safivsaesnguiinzuuugeluannsoesuisldannisidnAnuldsy
AanssuazviouAnograduszuu FalalemalsiiSouneumanuassioudn Tinswivszaunisal 1@eutuiin
axviouAn Ll,asmumu?aﬁlﬁﬁwﬁ” nszvIunIsRena il seulilasudeyaiieseg1asien Lwiéfaaﬂmsm
Uszaunisal ANUAR Lay mmmamamul,adamﬁawmu Z‘T@fﬁ]ﬂaadﬂ‘ULLU’mWUEN Dewey (1933) floSunednms
Lﬁauimm‘umﬂﬂ15wmimwﬂiuaumimammﬂa oo uay aauuwumumawaﬂmu SMIRRYES Schon
(1992) Lﬂ&nﬂUﬂﬁawauﬂmxmwmaﬂgum (Reflection-in-Action) wagna4n15UUR (Reflection-on-Action)
FeeliiFouannsonumuuasUsuUsnszuaumsanvesmueadls sgslsfinu nauvasosdazuuuiviuly
WBINIIUUIINAIINGUAIUAY Fao19050181640 ChatGPT L'flum%"mﬁaL‘WmLauﬁlﬁhﬂa%'wnamumifuﬂlﬁﬁﬁauéfm
Farnu nTadeumney Jinsgitona wWisuisuyuues uazUfulgsteaguresnuiosesesoiios
IneAanssulumsideluldmmualid Souseniudmneuain ChatGPT laense uilildinoudinarududeya
dmsunnsmsIndeukaTaYTauRn nvuIumMsauTuSTuesAUsznouvesmsAmdinny taun n1sseray
M53ATIEN NsUseiliumena NMswWisuiieu LLazmifﬁwﬁaaqﬂwﬁugmmawﬁﬂgm Feaenpdeaiuuuian
293 Facione (1990) LaglulAnN1TazIDUAALIAININEYDY Mezirow (1991)
8.2 HaMsU3uLigUNITAATIININGIZNINNFUNIAADILALNEUAIUANNEINIINAGDS
mwé’f&mwmaaqﬁﬂﬁmﬂ'mq'wmaaqﬁﬂzLLuuLaﬁlﬂmiﬁm%ﬁmmﬁ (X = 26.32, S.D. = 1.36) 409"
nAnwinguaiunu (X = 17.65, S.D. = 2.28) sgsilduddameadia (t = 15.14, p < .001) Ineilazuuuiadegs
ndnguaauAn 8.67 Avuuu Hadanauandifiui ngldifeulaiiiaesnauldsuRanssuasioufinsuiieatu
nstfia ChatGPT Wi luiduesssdleatiuayunszuiunisavvisufnduius fuseiunsAndImndndadoud
qﬁu&uam&jwmaaq Fofunuiienvesuigldanununues ChatGPT Tugnue “gAavneslaar” uinndnisdu
waermaudsagy Jissuaunsaaunuildneunaieseu FaFnuseriney vefesunsiiniy Wisuley
RGN LLaxmwaaumqwaﬁ Al dnaue neudndulaasnstaagumeniies nszuiun1sana i lidiseulasy
fhedensanuAaiinannvanenimsazteuRnaniiiom enans n1seAuse wardayadounduangasuiies
ogafien lnslanizludunsiiengitasdsuiuiinasfiouda damsidemualifFeuldnssuiumsdnids
w4 f1u liud nssedan (Inquiry) M33LAs18M3980 (In-Depth Analysis) msldud wmieiseuiiou
(Argumentation/Comparison) wagnsuszgnalinius (Knowledge Application) Hadsna1iaenndasiu Nasr et al.
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(2025) I FouRiuduiusiu ChatcPT meldnseumanuuarnistiognaduszuvansaiaun
nsrvIuNsAvaauaInmIsRamaulugnsysainisuagnisUszy naldanug e vaed AlFattal (2025)
TiwannnsligiBouadrsdmeuvasnues Wisuifisuiunandnves Al uazideuagiioudn deiensedulifizou
fisananuuanAsamaaazdndulanmuIuN wenaInil Suriano et al. (2025) §531n15ld Generative
Al dziAnnaldsuandenisiieusidedSoudedinng nsaaaeu uarUsziiunadnsain Al unumssudmeululy
Taonsa Kady Auuensessrisanangudslalldvunennudt ChatGPT v Anunug 3oy usaziouds
Usgleriivasnseanuuulil ChatGPT Wuiinszdunszuiumsdn Inedieudeaduinsaaoundngiu Jnszi
mtdede Wisuifisumaden uazdndulasemnnareiniies
8.3 nan13AnwUszAvENavaINITIARINTIUNTSITIUS

N139AANTIUNISITEULaelY ChatGPT Sauduiianssuasvioudnvengunaasilr1avilusz@niua
(Effectiveness Index: E.I) Wiy 0.5008 vi3eaailumnurimthmenmsieudiesas 50.08 Feinunausiniiivun
13 0.50 vauzfinguaruauiandviiszavsuamiaiu 0.1722 wieAndunuinivindesas 17.22 nadsnan
wandlsiifiuinnisdaianssunsiBousiiysanns ChatGPT WfunszuumsasyieuAniiussavsualunisdaaia
anufmeunsAndalnntvesiiFou Uszdninadananenainainnisinfanssudlailely ChatcpT
Juifsaedosilofumieatiadmney wirmuaunumues Al lWatuayunssuiunsAnegiaduddy dausins
fafniy MIRsafney mMInsvasuteya naieuidieundngiu nadsutuiinasfiouda aufisns
Usggnaldanuiluaniumsaflve Suilnnsld Aldeulestunszuiunisnves]iSousgreiiles nanside
aonAdofiu Sangnarin et al. (2025) FmuinmsiFeuslagldmnusimedugiusiuiu Generative Al a1wnsa
W uaansalunsAnesnaiinsuanmesdGouls wazaenndesiu Suriano et al. (2025) Ainuinnsys
WIN13 Generative Al SaufunisassioudaiissAnsnasnndudieldsmsuuvutuiinasiioufn n1seanid
Tassadns wazmsUsuidiunaegradusyuu wenaind Xu et al. (2025) feaSurgimsatuaywidaeidyyieis
\Juszuvluanimuinden Generative Al a1unsadaiunismiunsisoudiionuleuazLii uguAMYes
Uszaunsainsseusle nafsnanideativayuwnfndi UsednSuaves Generative Al n1ans@nwililainain
aruannsaveunaluladifissdiiiy ustuogfunseenuuunssau Manuaziioudn BBn1srsivaeunadnsan
Al wazmsinfuvesaeuiviiligSoudindiunumlunisin Jesedt uasdadulameonuies
8.4 wan1sAnwaNuimalavesindnwiifisenisdnfanssunisBeuivengunnass

Han153Tenudn dnAnwinduneassdanuimelanenisinfanssunisifeusineld ChatGPT Saufu
Aanssuazviounlagsiueglussiuanniign (X = 4.60, S.D. = 0.62) uaziilefiansansnesunuimnsuoglu
sefunniian InesuianssunisiSouiidedogean (X = 4.65) sesaandesunislddyyiuseiugids
a¥19a33A (X = 4.62) Fuusgloviilddu (X = 4.61) uazdunisduaiumsandainng (X = 4.55) auddu
agvouliiiiuindiseusensuuaziiviruafi@suinsenisdnfianssunisdeuifngn enadunanndnuazves
AanssuilUalemaligiFouiiufduiusiu ChatGPT Idagradeiies ausassdniuuarldsudeyadoundu
Tuituft sasildfugpmeneuumsiivarnvaneifiolUldlumslinsesiuasdouasiioudn vilvgiGouiidou
fufuianssuaransnFeudmusaiunetoasduvesmmadduiniy sgdlsinnu mafidiunsdaaiums
Aadsinny e1vazviouigifeusuinsruiunsandsinndinduianssuiideddanuneisiunisanudn
WINNIINTTUIANUEaEAINYsaANaulaaINNslY Al laense kasenaaennaediy Suriano et al. (2025)
AswauingBsuimnufielalussiugailotyyuseAvgidsaiisassdgnysannssuiunisagiioudn was
aenndeaiiu Nakbure & Leknoi (2025) finudnnisysanns Al luAanssunsioussefuuiyniduiusiv
AU INelauaNTALY DUAATIUINYDIN LT U woNINt Xu et al. (2025) FadliiiuiUoygrUseAugds
a¥9assd anunsafingunmvssUszaunsaimsieuslaiefinsatuayudseAdyguaznsiiunsldan
gg MY faty nsaseauianelalunisiseudmetyy1useAviidasisassaliaisiuiisinuazain
vionnumndilumsldudnou winsesnuuuligBsuiidusnlunisiadan asaaoutoys Wisuido
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HUNY dvviouAn uazasndeasumenuies lnegaeudinslunuimdAglunmsimundiming miunseuiunis
wazUseliiuANIMYeINIsITeus

9. YaluauugaUIFe (Recommendation)
9.1 daiauauuzlunsimanisideluly

1. mMsdLEsUMITRUIANENNYB4019158R @O UMM TRDNLUUAINTTUNM ST Bus Ty Jeyayusehivg
\Fedd9d35A 9uvensldinaiia Prompt Engineering waznsUseiiunuawvesnadns (i elianunsnld
walladdsnanifuniesleativayumsisousliedisiivssavsnmuaziinnuiuinveu

2. gasuluszdvanudnwimsyssyndlddyanuseAvgideadeassasiuduianssuasyieudnlunisin
Ranssunaous Tnseonuuuianssufidaadalifidoudermon Jinseideyn Ussiliuanuinidefiovesdmen
uazazvieuAnndeyadounduesiygusiviidsaivassdnnnimsliifieaiudneuiissediafon
9.2 Faisuanuzlunmsisuadeialy

1. mrsAnwnareinslilyanussAvgiteasassaniuiuianssuasviouAnluszezend ieUszdiuaiy

o
7

AINUYDINITHAUINITAATINING TITIHARBN1TAAUNSSBuAenuLe N15AnTe Aty LLazwaé’qué
NWNTI58Y

2. ﬂ’JiLU?EJULﬂEJUUi%ﬁVI%Nﬂ‘U@&Lﬂ%aﬂﬁaf]mm’]ﬂisﬁwﬁﬁumﬂﬁhﬁﬁ'u LU ChatGPT, Gemini, Claude,
Microsoft Copilot #38 Al Tutor uag@nundnuuzvesmsldneuiiu Al fidwademsiaunsAnddmnbunian

3. sAnwnsUszgndlidyaussAugidaiiaassdsiuiuguuuunssafanssumsiseusdu 1wy
maseuilegldlgwnlugiu (Problem-Based Learning: PBL) mstseuslngldlasasmudugiu (Project-Based
Leamning: PjBL) ¥ouiSeunauniu (Flipped Classroom) #3an1siseusiiuusiuile (Collaborative Learning) i
Wigusunasien1simuNsAadnnduasaussourdAyveegisou

10. msUawmenslilyayiuseAugiBeaineassd (Declaration of Generative Al)
qwu?é’aﬁiﬁﬁ’lﬂmmﬂﬁzﬁwﬁimaiﬁﬂiLLﬂﬁu Al: ChatGPT ¥aelunisudaundngeainntwilnedu

M dnguisisananuiianainainnsulasmenuies finsldmdslumsaieamusznovandeyadisinuns
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