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ABSTRACT

This paper investigates the gseometric shapes of parts on 3D scanning for reverse engineering. The aim was to
develop guidelines for scanner settings with various shapes. Five different geometric shapes were scanned and
compared for surface detail reproduction across More details, Standard details, and Less details settings. GOM Inspect
software compared standard triangle language files, point clouds, and polygon meshes. The results showed that
different geometries lead to different point clouds and surface details after scanning. Point clouds generated with the
More details setting are a substantially larger amount compared to those generated using the Standard detail and
Less details settings. The mesh size exhibits an inverse relationship with point cloud data. A reduction number of
point clouds corresponds to an increase in mesh size. Geometric shapes of triangle, cone, cubic, and sphere can be
created with the standard detail, while geometric shape of cylinder requires less details for optimal scanner settings.
The reverse deep-drawing of cups was an example demonstrating the benefits of the developed guidelines to show
the curved part that is often a problem for the industry and causes thickness variation and tearing during forming. A
comparative analysis of the reverse deep-drawing of cups utilized standard details compared with the computer-
aided design file. Errors were minimal on the smooth surface, largely within £0.10 mm. The nose radius of the cups
presented an error range of approximately £0.200 mm. When tested with a die created using high drawing speed, the
improved nose radius was found to be in the range of 0.470 to 0.480+0.014 mm.

Keywords: Geometric shapes, 3D scan, Point clouds, Polygon meshes, Reverse engineering
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1. INTRODUCTION

Three-dimensional (3D) scanning has become
an important technology for acquiring the shape and
dimensions of physical objects. This technology,
employing non-contact measurement techniques, is
adapted for applications in reverse engineering, quality
control, and rapid prototyping. A method that can
capture intricate surface details and complex geometries
has revolutionized various industries, offering enhanced
flexibility and reliability in measurement, analysis, and
storage [1]. Reverse engineering is a technique used to
create three-dimensional models of physical objects. 3D
measurement devices are employed in this process.
When no technical drawings, scanning the object
becomes necessary to obtain a 3D model. The resulting
model is then digitized and refined using software before
being used for production [2]. However, the accuracy
and reliability of scanning are influenced by numerous
factors, including the scanner calibration, environmental
conditions, surface properties of the object, and the
scanning parameters [3]. One of the primary factors
influencing the accuracy of 3D scanning is the geometric
characteristics of the object being scanned [4]. The
shape, size, and complexity of the object can
significantly impact the quality of the scanned data [5].
Objects with intricate geometries, such as sharp edges,
deep cavities, and complex curvatures, pose challenges
for optical scanners due to occlusions, reflections, and
variations leading to inaccurate measurements. To
address  these challenges, optimizing scanning
parameters can help mitigate the effects of reflections
and variations in surface normals, enhancing the
accuracy and reliability of the scanned data [6].

Geometric features introduced inaccuracies in
3D scanning due to several contributing factors.
Specifically, corners and edges, characterized by abrupt
shifts in surface orientation, induced diffraction and
scattering of the projected light, thereby compromising
the precision of the resultant measured point cloud [7].
Surface properties, including color, texture, and
reflectivity, profoundly affect optical 3D scanning
outcomes. Dark or absorbent surfaces may not reflect
sufficient light back to the sensor, leading to data loss or
increased noise. Highly reflective surfaces can cause
specular reflections, distorting the scanned data and

creating inaccuracies [8]. Rough or textured surfaces may

scatter the projected light, reducing accuracy, while
smooth, matte surfaces generally produce better
results. Addressing these surface property-related
challenges involves a multifaceted approach,
incorporating techniques such as applying temporary,
diffuse

specialized scanning technologies less susceptible to

coatings to alter reflectivity, employing
surface variations, and optimizing scanning parameters
to enhance data acquisition quality [9]. Environmental
conditions during scanning substantially influence data
quality. Ambient light can interfere with the structured
light or laser patterns projected by the scanner, causing
[10]. Thus, the

environmental conditions effect on the raw data

noise and reducing accuracy
obtained from 3D scanners often contains noise,
outliers, and missing points [11].

The density and distribution of points in a point
cloud are intricately linked to the geometric attributes
of the scanned object. Curved surfaces often exhibit
varying point densities due to the changing angle of
incidence of the projected light or laser beam, with areas
perpendicular to the scanner yielding higher densities
compared to oblique regions [11]. Sharp edges and
corners present unique challenges, as the scanner
resolution and accuracy limitations may result in
blurred Additionally,

intricate  and complex geometries can lead to

rounded or representations.
occlusions, where certain surface areas are hidden from
the scanner line of sight, causing gaps or missing data in
the resultant point cloud. Compressing the measured
point data while maintaining the required accuracy is a
crucial task during the scanning measurement process
[12]. The geometric characteristics of the scanned object
significantly influence the creation of polygon meshes
from point clouds. Subdivision surfaces provide a
compressed shape representation well suited to shape
analysis. A method to estimate a subdivision surface
from the triangular meshes common in shape analysis
[13]. The accurate reconstruction of sharp edges and
corners in polygon meshes may require the use of
sophisticated algorithms. Moreover, areas with high
curvature or intricate details may require adaptive
meshing techniques to ensure that the mesh accurately
captures the object geometric complexity. This is
achieved by refining the mesh density in regions of high

detail while maintaining a coarser mesh in flatter areas
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[14]. Objects with intricate surface textures or fine
geometric features necessitate a high-resolution mesh
with a large number of polygons to accurately represent
these details. However, employing a high-resolution
mesh for simple shapes can result in an unnecessarily
large. Inversely, a low-resolution mesh for complex
objects can lead to a loss of important geometric [15].
The occurrence of the surface “guessing” and deformed
patches in the resulting 3D model during the scan [16].
The effect of geometric shapes on 3D scanning
significantly affects data completeness [17]. Thus,
geometric shapes of parts exert a considerable influence
on the resultant point clouds and polygon meshes
derived from 3D scanners [18]. The geometric shapes on
3D scanning for reverse engineering was investigated,
focusing on scanning modes performed across five
distinct geometric shapes. This approach facilitated a
detailed comparison of surface reproduction across
varying levels of detail: More Details, Standard Details,
and Less Details. The analysis of STL files, point clouds,
and polygon meshes was conducted using GOM Inspect

software.

2. MATERIALS AND METHODS

The prototype workpieces were machined from
medium carbon steel with different shapes, namely
workpiece A (triangle), B (cone), C (cubic), D (sphere),
and E (cylinder), as shown in figure 1. Before 3D scanning,
AESUB, SKD-S2 spraying a coat on the object surface will
help reduce the optical effects. GOM, ATOS Core 300 is
used to scan workpieces. Technical parameters of ATOS
scanner are in the table 1. Optical system calibration was
subsequently performed utilizing a calibration object
mounted on a rotary table. This calibration was
instrumental in ensuring the dimensional consistency of
the measuring system. The procedure adhered strictly
to the recommended guidelines provided by the
manufacturer, GOM GmbH. The computer controls the
operation of the 3D scanner using a Dell Precision model
M 4800. 3D scanning used for the three-dimensional
measurement of objects parts combined with Gom
Inspection software. The modes used for scanning parts
include Matrix mode with surface data collection
includes More details, Standard details, and Less details.

A comparison of the scanned details is

performed to determine the mode and settings that are

appropriate for the prototype shape. The appropriate
mode was selected, and experiments utilizing sample
cup components from the industrial sector were
conducted to evaluate the degree of deviation.
Subsequently, design and create a deep drawing die of
cups, test, and verify the results of the deep drawing
process. Finally, inspect the thickness at different

locations from the cross-section of the workpiece.
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Figure 1 Workpiece shapes and drawing
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Table 1 Parameters of 3D scanning

Parameters Details
Measuring area 300 x 230 mm
Point Spacing 0.12 mm

Sensor Dimensions 361 x 205 x 64 mm

Camera resolution 5 million pixels

440 mm
28 deg.

Working distance

Angle between cameras

3. RESULTS AND DISCUSSION

A comparative evaluation of the scan results
emphasizing surface details, point cloud data, and mesh
data is provided for each workpiece in figures 2-6. The
scanning results for workpiece A as presents in figure 2.,
revealing negligible differences in point cloud and mesh
size between the Standard details and Less detailed
settings. Conversely, employing the More detail
configuration results in a greater quantity of point clouds

and a reduction in mesh size.

Surface Characteristics
File

More Details Standard Details Less Details

Al Point
Data

Point
Top - View

Mesh
Top - View

1

Figure 2 Scan results of workpiece A.

Moreover, the presence of unorganized point
clouds is noted at the edge and corner regions of the
surface. Therefore, the utilization of Standard details and
Less detailed settings yields satisfactory scan results for
workpiece A. Workpiece B, geometry is a conical surface
as depicted in figure 3. The point cloud distribution is
uniform. Similar mesh sizes are observed for both More
detail and Standard details settings, while the Less

detailed setting exhibits the largest mesh size. Given the

enhanced texture reproduction, More detail and
Standard details settings are recommended for this

geometry.

Surface Characteristics
File

More Details Standard Details Less Details

"
*
* I
+
+

Al Point
Data

Point
Top - View

Mesh
Top - View

*
* I
e
+

+

Figure 3 Scan results of workpiece B.

In the case of workpiece C, as illustrated in
figure 4. The More detail and Standard details’
configurations led to the formation of unorganized point
clouds. Conversely, the Less detailed setting produced
a uniform and distributed arrangement of point clouds,
and sufficient for scanning. According to the data
presented in figure 5 (workpiece D), the More detail
setting results in a higher concentration of point cloud
data. The Standard detail setting yields a more even
distribution, although some areas exhibit higher point
density. However, the Less detail setting produces a
uniformly distributed point cloud but is characterized by
a larger mesh size. Workpiece E as depicted in figure 6.
The More detail and Standard detail settings generated
a distributed point cloud, which facilitated the creation
of a fine mesh and complete surface coverage.
Conversely, the Less detail setting resulted in a less
dense point cloud and a coarser mesh, leading to the
presence of numerous surface imperfections. The
magnitude of point cloud data was directly proportional
to the selected surface of detail during the scanning
process. More detail settings correlated with a larger
volume of point cloud data. Conversely, utilizing
standard detail or less detail settings resulted in a lower

point cloud density.
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Surface Characteristics
File

Standard Details Less Details

More Details

All Point
Data

Figure 4 Scan results of workpiece C.

Surface Characteristics
File

More Details Standard Details Less Details

Al Point
Data

Point

Top - View |

Mesh £
Top-View |

Figure 5 Scan results of workpiece D.

Surface Characteristics
File

More Details Standard Details Less Details

Al Point
Data

Point
Top - View | :

Mesh
Top - View

- - -
Figure 6 Scan results of workpiece E.

The results were compared point cloud data for
all scan workpieces in figure 7. Workpiece D had a larger
magnitude of point cloud data than the other part
shapes in both modes of More details and Standard

details. The Less detailed mode of all workpieces

showed almost identical point cloud data. Thus, the
shapes are influenced by point cloud distribution
because scanners transfer beams onto objects and
receive them back. Point cloud reactions vary depending

on the shape and surface types [19].

4.0 - Workpieces
—a—A
3.54 —o—B
-l C
= v
E 3.0 —v—D
& —E
‘9 254
g
£ 204
a
B s
s ¥
1.0 4 - .
0.5 : \
Ci‘f\“\“ —
0.0 T ’_

Standard Details Less Details

Surface Characteristics
Figure 7 Point cloud data of workpieces.

More Details

Generally, the highest resolution

scanning was crucial, as low-resolution models often

during

yielded poor detail quality, blurring smaller elements
and only clearly displaying larger, basic components.
Although higher resolution scanning facilitated the
capture of finer details, this approach also resulted in
larger datasets, thus augmenting the requirements for
processing power and storage capacity. As a result,
engineers were obliged to reconcile the necessity for
detailed data with the practical limitations of data
management.

During the scanning process, two categories of
errors may arise. Accidental errors, stemming from
unpredictable anomalies within the scanning system,
lack a discernible pattern of occurrence. These errors
manifest as outliers or pulse noise during 3D
digitalization. In contrast, systematic errors follow
predictable patterns arising from identifiable sources.
These may include calibration methodologies, sensor
sensitivity, attributes of the object under examination,
ambient conditions, and the proficiency of the operator
conducting the scan. The manifestation of such errors
frequently involves the generation of spikes, which
subsequently induce irregularities in the resultant curves
and surfaces. Surface reconstruction is contingent upon
the initial rectification of these errors via point cloud

data preprocessing. Filtering, in this context, comprises

|

Ui 20 atiuil 1 uns1Ax - quieu 2569

Vol 20 No.1 January — June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

two essential operations: the removal of pulse noise and
the smoothing of data-points. Post-filtering, the resultant
point cloud often contains redundant data-points that
can hinder processing efficiency and potentially
introduce errors. Mitigating this involves employing
techniques to reduce the prevalence of these
superfluous data-points. Finally, geometric modeling
and preprocessing of surfaces involve either surface
approximation or polygonal approximation techniques.
Typically, point cloud data undergoes a transformation
into STL data file or triangular mesh models through a
process known as surface reconstruction [20].
Consequently, point clouds often retain a degree of
redundant data, exemplified by Workpieces B, C, and D.
This redundancy primarily impedes and decelerates data
processing, and in some instances, may introduce
inaccuracies. Employing data reduction techniques can
resolve this issue by eliminating superfluous data points.

However, the presence of irregularities in point
distribution and mismatched alisnments can occur in
certain patterns, specifically observed in workpieces A,
C, and D, when employing the More details scanning
mode. These artifacts arise as a consequence of the
intricate  surface geometry of these workpieces,
compounded by the inherent limitations of the optical
scanning process [21]. The irregularities in point
distribution stem from variations in surface reflectivity
and local geometric features, which can lead to
inconsistencies in the scanner ability to accurately
capture data across the entire surface. This is particularly
evident in regions with sharp edges, or complex
curvatures, where the scanner's line of sight may be
obstructed or the reflected light signal may be distorted.
distribution

mismatched alignments can also occur, particularly

In  addition to point irregularities,
when the scanner struggles to maintain consistent
registration between adjacent scan passes. When the
laser scanner scans an object, it calculates the three-
dimensional coordinates for each pixel on the object
based on the principle of 3D triangulation, as it measures
distance, angle, and height of the instrument provided
by the user [22]. This phenomenon arises from subtle
shifts in the scanner's position or orientation during the
scanning process, as well as from accumulated errors in

the scanner's internal calibration.

The completeness of a point cloud, which
refers to the extent of digitizing gaps, and its accuracy,
which is associated with the measurement uncertainty
of a 3D point, serve as key indicators of point cloud
quality. Moreover, the geometric properties of an object,
specifically its dimensions and shape, introduce
complexities in achieving uniform data density across
the entire surface during optical 3D scanning. Shiny
metallic surfaces present substantial challenges in the
realm of optical 3D scanning due to their inherent
reflective properties, which can lead to specular
reflection instead of diffuse reflection [6]. While 3D
scanning and point cloud data with even distribution
points are orderly can lead to high-quality STL files and
a 3D surface model. Table 2. presents scanning
suggestions for different workpieces according to shape

characteristics.

Table 2 Scanning suggestions for different workpieces

Workpieces More Standard Less
Details Details Details
A v v
8 v v
c v
o v v
e v v

The Standard details mode is generally suitable
for scanning all workpieces, except for workpiece C,
which benefits from the Less details option. The More
Details mode is specifically advantageous for tasks A and
B. Conversely, the Less Details mode remains effective
for workpieces A, C, and D. However, the case of mode
Standard details that most users usually choose to use
with the scanner. To quantitatively assess the accuracy
of the scanning process, a deviation analysis was
performed, comparing the resultant 3D model with the
original CAD file. Based on the reverse engineering of the
deep-drawing cup part utilizing Standard details. A
comparison of the reverse engineering results with the
drawing or CAD file, as shown in figure 8. indicates
minimal error from scanning and modeling. This is
supported by the color bands, where green indicates a
difference of -0.1 to +0.1 mm. The curved or concave
edge of the cup shows yellow and blue deviations up
to £0.2 mm. However, deviations exceeding +0.2 or
other colors were not apparent on the scanned

workpieces.
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Figure 8 Reverse engineering of the cup shape.

Following the scanning and reverse engineering
stages, the design and production of the deep drawing
die components were executed, as illustrated in Figure
9 (a). The die components were fabricated from S50C
steel as illustrated in figures 9 (b)-(i), while the
components in figures 9 (j)-(m) consisted of standard
parts. Figure 10. presents the assembled deep drawing
die within the stamping machine and the workpiece. The
initial blank, a rectangle of 304 stainless steel with a 0.5
mm thickness, 110 mm width, and 170 mm length,
underwent forming. Subsequently, a cross-sectional and
thickness measurement of the formed sheet metal

blank are detailed in figure 11.

(@)

Backing

i}

Spool retainer

G

1.3
Insert lower

1)

Dowel pin

Figure 9 Deep drawing die design.

Figure 12. illustrated the thickness variations at
specific locations and their relation to differing punch
speeds. The integrity of the cup surface was maintained
across all workpieces, with no evidence of tearing
detected. However, the rim or flange (location (a)) and
the bottom of the cup (location (e)) exhibited consistent
thickness across varying punch speeds. The thinning
phenomenon was primarily observed at locations (b)-
(d), attributable to metal flow during the deep drawing
process. The nose radius at location (d) exhibited the
most pronounced metal flow, correlating with the area
of maximum thinning. Distal to this point, the extent of
thinning diminished along the cup wall (location (c)) and
nose radius (location (b)). Elevated friction within the
flange region promoted material migration from the
nose radius and sidewall toward the periphery during
forming [23].
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Figure 10 Deep drawing die and workpiece.

gb .

Figure 11 Thickness measurement locations

on the drawn cup.

In the deep drawing process, variations in punch
speed did not influence the thinning behavior observed
at the flange and bottom regions of the cup. Conversely,
at locations (b)-(d), an increase in the drawing speed was
associated with a greater extent of maximum thinning.
This can be attributed to the accelerated strain
hardening of the sheet material at higher speeds, which
consequently restricted its capacity for uniform
deformation. This finding aligns with observations
reported by Mohammed [23]. However, exceeding this
drawing speed resulted in improved maximum thinning,

implying that higher speeds may have promoted

enhanced metal flow and reduced localized thinning.
This phenomenon was observed with a drawing speed
of 1,500 mm/min, especially at location (d). Thus, the
best results were obtained from the drawing speed of
1,500 mm/min according to the uniform thickness
distribution and the

Increasing the drawing speed reduced maximum

lowest  maximum thinning.
where the thickness was
0.47+0.0142 mm. The nose radius at location (b) with

thickness was 0.48+0.0141 mm. Compared to reverse

thinning at location ( d)

engineering, the nose radius deviations were up to +0.20
mm. It enabled the thickness variation of the workpiece

to be reduced to an acceptable range during forming.

0.60
0.55 - #300 mn/min ®900 mm/min ® 1500 mm/min
0.50 =
£ 045 - i i I
£ 0.40 -
 0.35
% 0.30 1
£0.25 -
E 0.20
= 0.15 -
0.10
0.05
0.00 -

a b c d e
Measured thickness at locations

Figure 12 Relation of thickness measurement

at locations and punch speed.

4. CONCLUSIONS

The research highlishted the importance of
carefully selecting scanning parameters to maximize the
precision and reliability of 3D scanning outcomes. The
geometric characteristics of parts significantly impact the
accuracy and effectiveness of 3D scanning processes.
Specifically, variations in surface curvature, the presence
of intricate features, and the overall complexity of the
geometry significantly impacted the quality and
reliability of the generated scan data. The results of
scanning revealed that employing Standard details
settings facilitated the creation of geometric shapes A
(triangle), B (cone), C (cubic), and D (sphere). However,
geometric shape E (cylinder) necessitated the use of
Less details for achieving optimal scanner performance.
An example of the reverse engineering of the deep-
drawing cup with a bank thickness of 0.5 mm using
Standard details. It was found that the errors on smooth
surfaces were generally within the range of +0.100 mm.
The curved or concave edge and base of the cup

exhibited an error range of approximately £0.200 mm.
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Testing with a die created using high drawing speed
indicated that the improved nose radius fell within the
range of 0.47 to 0.48 +£0.014 mm.
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Abstract

This study aimed to conduct a pilot study and explore differences in lean manufacturing practices between small-
sized and medium-sized manufacturing enterprises in Thailand. The assessment focused on five dimensions: (1) management
components, (2) process analysis tools, (3) production waste, (4) post-improvement measurement, and (5) continuous
improvement. The research began with the development of a checklist based on lean manufacturing concepts and relevant
literature. The checklist demonstrated satisfactory content validity, with tem-Objective Congruence (I0C) values ranging from
0.60 to 1.00, and high inter-rater reliability, reflected by 100 percent agreement and a Gwet’s AC1 coefficient of 1.00. The
checklist was preliminarily applied to four small-sized and five medium-sized manufacturing SMEs in Thailand. Descriptive
comparison indicated that both groups exhibited similar lean implementation practices across several dimensions. However,
preliminary observations revealed differences in operational characteristics. Small-sized SMEs achieved a higher score in
management-related components associated with lean implementation at 87.50% and demonstrated a higher level of 55
implementation at 92.19%. In contrast, medium-sized SMEs showed a greater tendency to utilize process analysis tools in a
more systematic and diverse manner, with an average score of 32%. Both groups placed equal emphasis on continuous
improvement. The findings provide preliminary insights into lean implementation practices among manufacturing SMEs in
Thailand. They may serve as practical guidance for supporting lean adoption in manufacturing SMEs and establish a foundation

for future studies involving a broader range of industries and organizational contexts.

Keywords : Lean manufacturing, Small and medium-sized enterprises, Checklist
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ABSTRACT

This study aimed to improve the efficiency of a copying-machine production line at P.J. Chonburi Parawood
Co., Ltd. by applying the ECRS (Eliminate, Combine, Rearrange, Simplify) principles together with 5W1H analysis and
time study to redesign workflow and enhance coordination between workers and machinery. A before-after
experimental design was employed under actual production conditions. Data were collected between May and
September 2025, with 5 repeated measurements conducted under each production condition. The number of
operators was then reduced from 5 to 3, and the workstation layout and work sequence were redesigned to improve
workflow continuity. The results revealed that total labor cost per hour decreased from 250 to 150 THB (-40%), and
labor cost per unit dropped from 0.1515 to 0.1047 THB (-30.89%), while the average output declined slightly from
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1,650.07 to 1,432.39 pieces per hour (-13.19%), remaining within the factory’s target range of 1,300-1,350 pieces per

hour. The improvement reduced employee waiting time and redundant movements, resulting in more efficient labor

utilization and lower labor costs per unit while maintaining production output at an acceptable level. These findings

indicate that appropriate human resource allocation and workflow design can enhance organizational efficiency and

contribute to the sustainability of the production system.

Keywords: Work process; Copying machine; Workforce reduction; Performance improvement; Production management
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nsifiuANuRNANsamuedlasing Sinseinisnasmdsnulnihvesssuunanliiimdsnuuaseniinduunaunauuy
wderdaslUsunsY PVsyst version 7.3.1 wazthradnindnulnihanlusunsuanduinnisanfnaidounssan a1ntuth
anfidnaldanduru msfunuvedlasinisezdissoznatanas nonsdiinwintsesniu 4 nsdfnw 1éun nsdi 1
Lifiansanaisuewnsin n3dil 2 3 uar 4 fansanafuewnsinszaziian 14 Yisiaisige s1Ateds wazs1Agean
pudiu nadwswuingadtagtiugns Snsnaneuununislu uagdndiunansuunusiefuNLYeINTEA 12 3 uay 4
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ABSTRACT

This paper presents an analysis of carbon credit retuns from rooftop photovoltaic systems and their role in
improving the economic viability of renewable energy projects. The electricity generation performance of an integrated
rooftop photovoltaic system was analyzed using PVsyst software version 7.3.1. The electricity generation results
obtained from the simulation were then used to calculate greenhouse gas emission reductions. Subsequently, the
revenue generated from carbon credits was incorporated into the economic analysis to offset project costs, thereby
shortening the project payback period. The study was divided into four case studies. Case 1 did not consider carbon
credit revenue, while Cases 2, 3, and 4 considered carbon credit revenues over a 1d-year period based on the
minimum, average, and maximum carbon credit prices, respectively. The results indicate that the Net Present Value,
Internal Rate of Return and Benefit-Cost Ratio of all four cases demonstrate favorable investment feasibility.
Furthermore, the project payback period was shortest in Case 4, where the highest carbon credit price was considered,
indicating that carbon credit revenue can significantly enhance the economic attractiveness of rooftop photovoltaic
projects. The project payback period was reduced from 8.493 years to 7.939 years.
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ABSTRACT

This paper presents an analysis of carbon credit retuns from rooftop photovoltaic systems and their role in
improving the economic viability of renewable energy projects. The electricity generation performance of an integrated
rooftop photovoltaic system was analyzed using PVsyst software version 7.3.1. The electricity generation results
obtained from the simulation were then used to calculate greenhouse gas emission reductions. Subsequently, the
revenue generated from carbon credits was incorporated into the economic analysis to offset project costs, thereby
shortening the project payback period. The study was divided into four case studies. Case 1 did not consider carbon
credit revenue, while Cases 2, 3, and 4 considered carbon credit revenues over a 1d-year period based on the
minimum, average, and maximum carbon credit prices, respectively. The results indicate that the Net Present Value,
Internal Rate of Return and Benefit-Cost Ratio of all four cases demonstrate favorable investment feasibility.
Furthermore, the project payback period was shortest in Case 4, where the highest carbon credit price was considered,
indicating that carbon credit revenue can significantly enhance the economic attractiveness of rooftop photovoltaic
projects. The project payback period was reduced from 8.493 years to 7.939 years.

Keywords: Carbon Credits, Photovoltaic Rooftop Systems, Payback Period, Project

Uil 20 atfuil 1 uns1Ax - Squieu 2569 30 Vol 20 No.1 January - June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

1. unin

Tudaqdu mswasundasaningienniald
nanaiduuseiiuddnysedulandidmansenudeduindon
\Aswsia uazauNNTInvesUszanneilan viateUsuined
Iisundvsnesudanndeuiiesjigaimdunaama
A5UBU (Carbon Neutrality) wagn1sUassfingisounszan
avdLdugud (Net Zero Emissions) meluszeziianiiiivun
[1] ileanwansenuannnglanfounazatuayun s
pg1adsdu fedu n1sannisudesfedeunszaniuiuy
WrannedAdildsuanuauleegiiniieng lnefinng
duaunnsnsEng 9 1wy mslimdanunyudeu nsiis
Uszandamnsldndenu nseusndndeany nsugnuas
ﬁuﬂdﬁ?uﬁﬂﬂ sufan1siauInalanIwAsugAansA
Asueu Leatuayunsuasuriugdenuausuniesig
ey Whmnesuanwaiiennavesusemealneg fauansly
g 1

A.A. 2021

Uszwmdlnguszmanusnsdifuniaudeuudas
anmgiianialunisuszeu COP26

b

ihwunensiidousiufiusamaniviua (Nationally Determined

Contribution: NDC) aamsusesfineiaunszan foeas 30-40

— A.f. 2050

Auidunatennemrsvau (Carbon Neutrality)

A.A. 2065 4—
msudesfwifaunszangnsidudud

(Net Zero Emissions)

a v a
2N 1 Lﬁj’ﬁﬁmamuﬁmwgmaﬂmﬂﬁuawis WW‘T"LV]EJ

N9IATILININATYTAERSYRIsTULLYANSIad
\Retesiusunu nmsaiemeld wazuszansnimmensiiy
Tngsaunaonoignisldanu n1siasieivszanid
Auddyeg1abadenisdnduladmiulasanisngdsanu
wage1ing AYnITIATIEEINIRATYgANERs Laun yaen
Jagtuans dnsmanauununiely uagdndiunanauuny
AORAUYIU UAY STELLIAINITAUNY

luefindlauidedasizriniusugatans way
UselliuAsuauLAsAn 819 Rakesh Naskar Lazaouz3de (p.e.
2017) 7i s College of Engineering ti84 Kalyani Uszina
duldly dn1sUsziliuuasitasieiasuauASAnSYaELIaT 25
U ynlsalindsnuiaseindaun 5 dlading wWisuiiesy
NSAUYURUURDITAN kagldfinNTIAISURLATAN NANS

wuhsvezaduyuanas 4 U Welinisteuemivouasin
[2] K. Hermawan Wazangide (A.f. 2017) 99nluuknias
WUy uIsud mTvauIudu Kalimarau 194 Berau
vesiflgingiusen sruuliiandsnunaserinduuin
250 Alatna a@1u1saannisuassnigaisueulaoanlan
19 219,949 AlanSuarsueulaeenlan [3] alana Seamsng
LaYAMEITY (A.A. 2024) UszifiuAnsuauasanainszuulnin
WHIULEIDTININRITLUURNANRETUVUIA 25.68 AlaTnn
UselliumSUoUATANSEEELIaN 25 U Nan1s3denuinA1susu
WASANTTELLIan 25U Ao 368.29 AuA1susulnesnlyn
WisuwinAaduku 11,162.74 U [4]
diesnszdeuanznssunisesdnisusmssanis
Freideunszanindaevdninast 3ams wazdeulunsfinnsan
lasimsanfingisounszanmaadaslanmuunasguveslsewme
ne (T-VER) .. 2566 11130 4 o 22 Na1ine1glasanIsniy
fo 6 (psmsUsznymdasnumyuisuriondsnuitlivauny
Fowndaoada) 1Hio1glasens 7 ¥ wasilonnglasams
Augmanansostennglasinslian 7 Y sy 14 9 (5]
FrfurAseiinisdesenainaiselurssanssy
Usrimdlaun n1sdanmaienglasenis 14 Yves T-VER
Wszgnaldlun1sussidiusiniusaasuay 3 seaU uas
AATIANUATEFANENTTINAUNITNINTUIAITUBULATAN

]
v

2. UATBINYIT99

2.1 Awiseunszan

Agdaunszanidfaluduussernavestan

A lovh adueulaeenlas (Carbon Dioxide: CO,) fimu
(Methane: CHe) lumSaaanlan (Nitrous Oxide: N2O) wag
Talau (Ozone: Os) “Asusulavanlemiisulrin’ #3e
“COseq” \uriildosursfadounsyanaieg Tumiae
e [6-7]

nsuaalnfianndeindseadaiinududuves
ASURY harUSuIANTUGS USunaufianaswosieiou
nszantusgfuanududurasnsveu uastiinuniuiou
Mnundandanuiignunui ndsnunuisudanaduty
yaer13UnY wazdSunannudous [8] ssuusivgli
nsdifinsindsloandwad suandlunwd 2

100kW 60KW 100kW 40kW 100kW

2
ﬁ TR. Bus3
- Bus 4 Bus 5

Bus 1 Bus 2 ‘|
v v
Y A

v - L
100kW 60kW ZDOI(VVﬁ 40KW 100kW
Solar
100kW

Generator
400kW

AN 2 SEUUIMUNensaTnsRnRaanswad

Uil 20 adudl 1 uns1Ax - Nguiou 2569

Vol 20 No.1 January — June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

A 2 ledndeszuuleaniieadiida 3
3u1m 100 Aladad ndsnutmuedinanlaviniaerndaludh
#unia Ao 400 Aladad 1eanszuudminegnuniye
wduuanszuuleaniead nsinsslyansimasiussuy
Swniedmaliannsldndanureadasinesostiialii
fumadunisanideunszaniilesantaiigniastleans
wadlenasnuaINnInanas

2.2 MIATUIUNITAANYITIUNTZAN
AsALIAINNsan RS eunsEanluunaALlY
YBULIANITAIUINALITNTHER T AINNA STy
ionaununsldliinnnszvudmieszuudivineidng
sruvaanulasingg T-VER [9] Fafamununainnalnns
Waruflazonn [10-11]
nsrwInUSunansUdesfnmdeunssaniianas

(Emission Reduction: ER)

ER, = BE, - PE, - LE, (1)

Tnedi ER, fio ﬂ’%mmﬁ"wﬁauﬂimﬂﬁgﬂﬂéaaamm
T y (tCOe/V) BE, fio Usunaufnwi3eunszaniignuaos
anaslud y voansalgnu (tCOeA) PE, fio Usunauiwisou
ﬂizaﬂﬁgﬂﬂéaaamaﬁuﬂ y v04lasinslul y tCOeA) LE,
fio maudesfiwiounszaniieguenveuialasinslud y

BEy = BEEG, y= (EGconsumer, Py X 10-3) X (2)

EFecpyy

Tnoil B, Ao WnafneEounszaniignudosves
NINARNaRIUINNIATUY y (tCOseq/year) EGeonsumer sy
Ao wasaulwiln
voslanfiwadiindnldludl y (kWhiyean EFec py, Ao fn9
Feunszanannszuunsuanndsenlninfignudesvedn
39 (tCOeq/MWh)

EFgia 1uuwmm§é’w§amﬂﬁ”wﬁaummﬂﬁgmJa'EJEJ
nmswaanasulniy/mstdlnihdmsulasinis wazine
FeunszaniignannisUaesannianssy n.e. 2568 lasans
HanlNANNR U udBuUSTANLAteRg e 0.4682
tCO/MWh

2.3 35015938
SIANTBVILANSUBUATAMLENANNUTELANIATING
(WAINULAIDTAE) 4 TUN 14 UNTIAY 2569 AILARIIUAIN
K

wavouudvonnag
UsLrumssone (tCO,e): 681
syndhaa: 2150

$IME0da: 500.00

s yMI0aY:

T N A —

RN - TR o

AN 3 SIANYBVIBANSUBLLATANLENAIUUTELAN
1A59N15 (NI ULEIDIARY) [12]

9121 3 S1AYBIANFUBLLASARANER (21.50
U) W9AUTIANGeEA (500.00 VM) WARNS 478.50 UM A
Hudesaz 95.70 siA1vesanuauLAsAnadY (47.49 Um)
¥19fUS1A1g98A (500.00 VM) HARA 453.67 U Ay
Sowag 90.502 wNUAMNTIATIEN Fauandlunmi 4

DONUUUIEUUNAR WA WA 1 LLAI0 MRS LU URALRETLUUWA AT

I

Anszinsudanasnuluidelusuasy PVsyst

l

UssdiutSinnuazyadvasnsuauasinonndnuliih

I

Amazimaaseganansiaoly 4 Auus liud NPV, IRR, B/C

ratio wazszeza1AuNUlngliTUTUATY Excel

I

Anngimaasegaanisauiunisiarsanaiiueuasin

§

AR 4 LNUAINNITIATIEN

1A59N1558UUNAR LTINS uLaseing iy
NEUNETUNAINISHNER 149.80 Alaine TUUaIvWIA 535 a6
$19U 280 WHe Buesinasun 100 Ala¥as S1uu 1 e3es
Tsalddasanluilinisindarugiinim Yssian 3 Aanns
YUINNAN UIIAU 22-33kV 8RTININYINIANBINITL (Time
of Use Rate : TOU) Arnaaauluilngae Peak 4.1839 umsie
w38 Off Peak 2.6037 UmsiaiiY AUNUIATINTVBITLUY
NaS LTINS suLaseing Aa 5,827,220 UM ASEANYINNG
3meﬁmqmwgmam%mawwmmﬁuﬂqaamﬂu q
nsel@nw Lo

Uil 20 adudl 1 uns1Ax - Nguiou 2569

32

Vol 20 No.1 January — June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

- it 1 lifinnsanasusuasin

- 5@l 2 pssanesuouAsAn 14 U fis1an
fgn (21.50 Umslesi)

- nsdifl 3: nsfiansanesuswasin 14 3 fis1an
Wde (47.49 VsBsu)

~ n3dil 4: msnsanasueuasin 14 I fisen
§9an (500.00 U NFBFL)

3. NaN15IUAZRAUIIBNE
3.1 HANT5IVY
naansn1sUsEIlunseannasulniuaz s
AsuemAsAnszEzan 14 U fauanddunsiedl 1

A15199 1 Naansnisuseeiuniseannasuliiway
USunauAsuauAsAnsraziian 14 U

NIWAR Al Usuna
U wdaouldh  @wnsaaald ensusuesan

(MWh) (um) (tCOeq)
1 200.378 735,693.31 93.82
2 199.275 731,646.99 93.30
3 198.173 727,600.68 92.78
4 197.071 723,554.37 92.27
5 195.969 719,508.05 91.75
6 194.867 715,461.74 91.24
7 193.765 711,415.43 90.72
8 192.663 707,369.11 90.21
9 191.561 703,322.80 89.69
10 190.459 699,276.49 89.17
11 189.357 695,230.17 88.66
12 188.255 691,183.86 88.14
13 187.153 687,137.55 87.63
14 186.050 683,091.24 87.11
kRt 2,704.99 9,931,491.80 1,266.48

NAGNEN15UT LT UNANDUBLNUYBIANS UBULATAS
seozan 14 U dakandlunisnen 2

A1519% 2 HAENSN1SUTELIUNANBULNUVDIASUBULATAR
szeziian 14 U

yaAAsUaULATAR (UTN)

i ign gegn \2fy

1 201707 4690849  4,45537
2 2,005.97 46,650.49 4,430.86
3 199488 4639250  4,406.36
4 1,983.78 46,134.50 4,381.85
5 197269 4587650  4,357.35
6 1,961.60 45,618.51 4,332.85
7 195050  45360.51 430834
8 1,939.41 45,102.51 4,283.84
9 192831  44,844.52 425933
10 191722 4458652  4,234.83
11 190613 4432852  4,210.32

12 1,895.03 44,070.53 4,185.82
13 1,883.94 43,812.53 4,161.31
14 1,872.84 43,554.53 4,136.81
33U 27,229.37 633,241.16 60,145.25

91NA15797 2 ;ﬂamméuaumﬁamﬁwqm 490 wag
wapsw 14 7 flyarn 27,229.37 UM 633,241.16 UM Wag
60,145.25 U pudfuMUTEUTBuYaA1ASUaULATAN
ﬁ"wqmm gean 14 U Fauandlunmil 5

50,000.00

b—o—d-.—l--.—t-t-._..--._.__._‘

fumal

40,000.00

30,000.00

20,000.00

P

TIRTATUDELA TRA

10,000.00

P S

1 2 3 4 5 6 7 8

b
—e— mmiifusuwsRnign

9 1011 12 13 14

= o =T IwunuATARGIER

MR 5 NsiSeuiisugarimiveuAThn
Agn uavgedn 14 U

INNNT 5 Yar1A1SuaULATARAIER uazgen Ty

P '

77 fyann 1,950.50 v Uag 45,360.51 UM AUARY
a@hm%vaumiﬁmﬁwqmms g9gn T 14 fyann
872,84 U WAL 43,554.53 UIN ANUAIAU HABNSNIT
seiluyan1Uagdugniuazdnsinanauununiely

seevlIan 25 U (naene1gvedlasenis) Aduandlunsnad 3

U
Y
1
U

A19199 3 Hadnsn1susziiuyadrdagdugniuavens
Hanauwnuneluszesia 25 U (haena1yvedlasenis)

yae BNTIHANDY
nsel Uagtugns ununelu
() (%)
1 246,849.612 10.570%
2 261,300.440 10.604%
3 278,769.139 10.644%
4 582,915.388 11.356%

q

Ainan 10 % wadwsyartagiiuavivesnsdld 1, 2, 3 uas 4
A9 246,849.612 U, 261,300.440 U, 278,769.139 U,
WAy 582,915.388 UM AINAINU 93N 1, 2, 3 waz 4
fianduuin nanfeyariduandiuinnityariuanesn
(WMUZALLANITAYU) RATNTERTIHanBULUAElUYDS
nsdifi 1,2, 3 uaz 4 A 10.570 %, 10.604 %, 10.644 %
way 11.356 % AuEIFU F9ns@a 1, 2, 3 uag 4 dandu
UINUaLTUATARIMIAN NAABIMNIZARANITAIVU HASNS

1NA1519 3 nsawIyaidagduans 1edns

Uil 20 adudl 1 uns1Ax - Nguiou 2569

33

Vol 20 No.1 January — June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

N13UTEHUENTIAIUHARNDULVIUARAUNULAS TEE L IANAUYY
sreziian 25 U (naonenguedlasenis) dawandlunisad 4

A1571991 4 NaANEN1TUTHIINERTIEIUNAR UL IUS DALY
wazsTEEIaIAuYUTEYEIaT 25 U (Maene1gadlasanis)

o , 088N
DAINEFIUNANDULLNU

nsed . Aumu
Aadunu @

1 2.771 8.493

2 2775 8.468

3 2.781 8.437

q 2.879 7.939

15197 3 way 4 Wi 1 89 18 nszuaduani
swldunanauszudalniuasasuewasin T 15 &
25 AszuaRuaniisielauiannauseudaluduiieaogig
wenlagludsnglaanaisuoulasan

maé’wa’é’mswdmmamaumeiaé’uvqnmaqﬂiaiﬁ 1,
2,3 haz 4 Ao 2771, 2.775, 2.781 Wag 2.879 ANUAGY 6?}&
n3l9 1, 2, 3 way 4 fdannniuis naAegeusuluns
ALdulATINIT N15LUSEULNBUTEELLIAINITAUY LYY
Tnsenns sananslunnd 6

4 7.939

g 3 8.437

B

£ 2 B8.468
1 8.493
0.000 2.000 4.000 6.000 8.000 10.000

szuzafunu @)

= -:4 = &
AINN 6 ﬂrﬁL‘Ui‘c’J‘UW]fJ‘UiﬁﬁJSL?aqﬂqiﬂuwumaﬂiﬂiﬁﬂqi

1l 6 sreznainsAuuveslasinislunsdli 2
snafunsdlil 10025 9 Andufesay 0.29 szevianisiu
nuvadlasenig lunsdil 3 drefunsdil 1 0.056 ¥ Aaudu
Youaz 0.65 svazimnsAwyuvadasamslunsdil 4 dafy
nsdift 1 0.554 U Anidudoras 6.52

4. d3Una

unarilauonisUssfiunuouasin wagns
anTzeElIANIALUYedlATINTg IATIERNITHEANEY
Ivesssuundalnfindsnuuaseinduundaninie
TUsunsu PVsyst version 7.3.1 UagIlATIEIN1TANTEELLIAT
n1sAUNUAIETUTWNTN Excel Useiliuyanvesnlivau
1sAn 4 Gouly loun lifinsanasueunsin fansand
mms‘i’wqﬂ (2150 VW) 59ALRAE (47.49 VW) UATSIAN
g9an (500.00 Un) HagnswuIyar1dagiiuans ane

q

HanauLnuNely LardnI1dIUNANDULNUADAUUYDY
n3difl 1, 2, 3, uAg 4 IMANEANUANNTAIYY AaUTEEEIAN
nsAuyuveslasinis Weuled 4 fansuniisinigege
anunsnfunulfiiaiian
whhseldanasueunsinazdieiiuanuduen
NUATYAANTUATANTTEELIANAUYUYDILATINITIFUY
walaiinEsruuasorfindld uddunuiietostunisiu
e UgulATINTT N1INIUADU KA¥NITTUTDINANITANNY
Sounszannelalasenis T-VER 819dwwansenusaniy
AuAvadlasin1svueLanesaltuddey

ety Tassnrsudanliiwdsusasonfindvuialng ds
au1snann1syaesfinwisounseantalulsuiuuin sl
ANUALIEANLAZALAMEN1TALTULATINTAISUBULATAR
117 esannaunsanszateduyuasiidinaluds
USinaumiueunsindilasuldogaiussansam
Faduvnanudanmsadudnvianadentiuns
amulddaduladosandunisairsnelddnvesmanis
wazidunisuszendldnisuasuiasinsaudundanu
myuiou Fadumsfaulumsresenlunistomendany

i wagn1sTevieAsuaULASARLLBUIAA

5. inAnssuUsEnA

YpUBUAN AUTIYTIAINTIULNAN AU mnsIuAEnS
uvninegdomeluladsvusnanszuns Tlvnisaduayuias
autasdelunisdariunanuidslddaglrunaiud
d159gat0g 19y nl

6. 91494
[1]  Rugthaicharoencheep N, Ruangsap N, Nedphokaew
S. Shortening the Payback Period of Greenhouse Gas
Reduction Benefits from Photovoltaic Rooftop

Systems. Energies. 2024; 17(23): 6159.

Naskar R, Ghosh S, Mandal R. Estimation & Analysis
of a 5KWP Solar Photovoltaic Power Plant at JIS
College of Engineering, Kalyani. in International
Research Journal of Engineering and Technology
(IRJET). 2017;4(2):223-230.

Hermawan K. Design analysis of photovoltaic
systems as renewable energy resource in airport.
2017 4" International Conference on Information
Technology, Computer, and Electrical Engineering
(ICITACEE). 2017  October 18-19;
Indonesia. 2018. p. 113-116.

Semarang,

Uil 20 adudl 1 uns1Ax - Nguiou 2569

34

Vol 20 No.1 January — June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

(4]

Charlangsut N, Ruangsap N, Rugthaicharoencheep
N. An Assessment of a Return from Carbon Credit
of a Hybrid Solar Rooftop System. 2023 Internati
onal Conference on Power, Energy and Innovati
ons (ICPEI). 2023 October 18-20; Phrachuap
Khirikhan, Thailand. 2024. p. 80-83.

581 08UAENITUNITOIANITUIUITIANITA LS O U
AszANIIeENaNINT 3313 wavdeulunisiiansan
1A39IN158AM9L3oUNTEANNIRETATIINIULINTFIY
vosUseinalng) T-VER) w.A .2566 Jduinesiin .[
Fududletudl 12 unsiau 25691, 91n:https://shere
duction. tgo.or.th/th/download-tver/65-rules-and-

regulations.html.

Brander M. Greenhouse Gases, CO2, CO2e, and Car
bon: What Do All These Terms Mean?. Ecometrica,
August 2012.

Boonthienthong M, Ruangsap N, Charlangsut N,
Rugthaicharoencheep N. The Economic Analysis
Consider Carbon Credit from Hybrid Solar Rooftop
System. 2023 |EEE PES 15™ Asia-Pacific Power and
Energy Engineering Conference (APPEEC). 2023
December 06-09; Chiang Mai, Thailand. 2024.

[10]

(12]

Nelson J, Gambhir A, Daukes NE. Solar power for CO,
mitigation. in Grantham Institute for Climate Change

Imperial College London Briefing paper No 11, 2014.

szilouitnisanineseunssannnatinsladinsu
n1sudnlnfinanndsung sy (T-VER-S-METH-
01-01) [Buwesiiinl. Fuduiiletudl 12 unsiay
2569]. 21n: https://ghgreduction.tgo.or.th/th/tve
r-method/t-ver-classify-methodology/t-ver-meth
odology1/item/3554-electricity-generation-from-

renewable-energy.html.

AMS-I.D.: Grid connected renewable electricity
generation Version 19.0. [Internet]. [cited 2026
January 12].Availablefrom:https://cdm.unfccc.int/
methodologies/DB/VJI9AX539DIMLOPXN2AYOUR
INAIYGD.

ACMOQ002: Grid-connected electricity generation
from renewable sources Version 22.0 [Internet].
[cited 2026 January 12]. Available
https://cdm.unfccc.int/methodologies/DB/XB1TX7
TAZ6SLWMOBTBC6TTHHVD16JV.

from:

1A% au18 TVERs wana 1uUsetanlaAseanis
Buwesidial. [FudwiloTud 14 unsiAy 2569]. 37n:
https://carbonmarket.tgo.or.th/

Uil 20 adudl 1 uns1Ax - Nguiou 2569

35

Vol 20 No.1 January — June 2026


https://ghgreduction.tgo.or.th/th/tve
https://cdm.unfccc.int/%20metho
https://cdm.unfccc.int/%20metho

- SyUJIAa
ISSN 1906 — 0874, ISSN 2651-2130 (Online) rsaside LT nguInw

AsANLAIENIIEzRBuUNuayalan anAY

Oil Repellency Finishing for Special Occasion Wear

fs1 Auin
Pattra Kumkhet

auivinseeniuuuniy eagmaluladannssumans ininendomeluladsvusaangamm
Department of Fashion Design Program. Home Economic Technology, Rajamangala University of Technology Krungthep,
Bangkok Thailand

* Corresponding Author: Email: Pattra.k@mail.rmutk.ac.th

Received: 25-01-2026 Revised: 15-06-2026 Accepted: 15-06-2026

unAnga

nMfen S inguszasdilennaeunariinzsianiinisnienmuazautfinsasieuinturesnnuuagienii
AoulagvINIANUAsESaazouthif ilevssiuautfveshefuluni s limaunuinlnudmiunsszgndldluany
sonuuuLazdnfuyalonaiiiay Inogadunsiivandinislénuues AnudznIntumsguaine Fn1sidelszneudas
miﬂﬂmmauawumummnuauumaamlmu,a gieniu aufamannusisd faazsiouthify andurinismedeuasiiing
e Wurt tiiodh enaufassousei wasmmmuiuseousidnun sudmmaouUssanBamnsas o
TaaesriinfounasainImnussdse wagihiiiunsnnudsdifaunlfluniseenuuuuasdaduyaiees nan1ide
wui ndsnsnnuediaagviouthiiu drenfuithvindfinduain 194.44 Gy 206.23 nFudemsnauns nanisnadey
arundauswonssionudy denfudidnnuuusseusivluunduisfuwesuundudoyaduiuiin 1,418.04 uas
1,537.05 fadfu 10U 1,555.67 wag 1,817.99 Tasu muandiu vazdfinansmaaeuanuudsussseussdnvianuii dendudien
arundausstonssdnualuuuiduieBusaruunduienafiniuan 36.95 way 49.57 faiu Hu 102.95 way 110.91 adu
gy TuduauiRmsasieuthify wud dlmuasfenfuteunsnnuisdniastoutihiulianmnsoasfeuiiiuls Tae
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ABSTRACT

This research aimed to test and analyze the physical properties and oil repellency of silk and satin fabrics
before and after oil repellency finishing in order to evaluate the potential of satin fabric as a substitute for silk for
applications in the design and construction of special occasion garments, with an emphasis on enhancing functional
performance and ease of maintenance. The research methodology involved studying fundamental information on
the properties of silk and satin fabrics and oil repellency finishing technology, followed by testing fabric weight, tensile
strength, tear strength, and oil repellency performance of both fabrics before and after finishing. The finished fabrics
were then applied to the design and construction of a sample garment. The results showed that after oil repellency
finishing, the fabric weight of satin increased from 194.44 to 206.23 ¢/m?2. In addition, tensile strength in the warp and
weft directions increased from 1,418.04 and 1,537.05 N to 1,555.67 and 1,817.99 N, respectively, while tear strength
increased from 36.95 and 49.57 N to 102.95 and 110.91 N, respectively. Regarding oil repellency, both silk and satin
fabrics before finishing exhibited an oil repellency grade of 0, indicating no oil repellency. However, after finishing,
satin achieved an oil repellency grade of 5.5, which was higher than that of silk, with a grade of 5. The findings

demonstrate that oil repellency finishing effectively enhances the functional properties of fabrics, and satin fabric
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exhibits suitable properties for use as a substitute for silk in the design and construction of special occasion garments

due to its similar appearance and enhanced ease of maintenance.

Keyword: Silk, satin, oil repelling finishing, special occasion costumes
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Funuuesudluwesgnuaaeuluanizmsianuiiuaneisiy wuinfisnsdmunssiudunnsensafulednasening 0,55 fs
0.75 fdslnihilvasinunsaswareuuaiiauiios 30-50 Wedldudvearddluinilugawaduaeniindwanls wazduimdogn
Houmsdlusiuiending dwmalsiusydninmaumesszuugstu 12-15 Wedidud WafleufulssAnsnnuenias wareuun
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Aadgy: AdeaURluwes WIsnaeuuariinaesalng N1LUaUMAIUNEIY waduaIeTing

Abstract

This article presents the development of a DC Optimizer designed for installation on solar cell modules to
solve the problem of power reduction caused by module mismatch under series-connected string configurations. The
approach applies to a two-switch flyback converter structure combined with the Partial Power Conversion technique,
which processes only the power difference rather than the total generated power. As a result, the proposed optimizer
achieves high efficiency while significantly reducing the size of the power circuit. The appropriate design guidelines for
the power circuit, system modeling, and control system design are presented. The optimizer prototype was tested
under various operating conditions. The results indicated that at an input-to-output voltage ratio ranging from 0.55 to
0.75, the power processed through the flyback circuit accounted for only 30-50% of the total power generated by
the PV module, while the remainder was transferred directly to the output. Consequently, the overall system
efficiency increased by 12-15% compared to the converter's efficiency, maintaining the ability to accurately track the

maximum power point of the photovoltaic modules.

Keywords: DC Optimizer, Two-Switch Flyback Converter, Partial Power Conversion, Solar Cell.
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fnsAensosUdlues

vaa

nsltATeeuAluLges (DC Optimizer) [10]-[12]
Fanmd 1 Judnmadeniilédsuanuion Tneeeudluwes
L‘T;Jma%l,t,ﬂms‘l’ulw%ﬂismewumLﬁﬂﬁmuaumﬂmaﬂ
FundanuuazamugailiidgegaueausasTugatitods
aonasuludsduesines egrglsinunaluladnisudn
wwaduasefingldiauntuviilfunedusavsangstuagng
wn dswalidsliihvelugaiirgatu fadumsldesudly
weduuusaAnTldnsulasiumaslniwuuduiitn (Ful
Power Conversion) [13] azvinl#2935a1an1838vU A
Inai(s1A139) uonanilddmalfindymdunisdanis
A11u59u (Thermal Management) Suilaaunainaaany
gdenelunasiigeunziha

e e s ATesUlweslaanns
Uszgndldrsasudasiulninnssuansawuuraieuunaes
aind (Two-Switch Flyback Topology) saufutmaiianis
wUasiur&sunadin (Partial Power Conversion) §3agdae
anfinn (PuU1n) 193501AR189a9L6 Lagditisensz Ay
UsvAvBaweauRlumesliigedu

2. MsuUasiuNIaIuIedIu

watlianisuuasiuiddluiunsdndugiuuuns
\Bousefirwszninsnuunasse@uim) fuluan(erdiym)
gorasulasiulninszuanss Fawmnarsainnisulasiu
ﬁ?ﬁﬂ‘lWﬁﬁLLUUlﬁmg‘ﬂLLUUﬁ”JiUﬁLLﬂWﬂUﬂ’]Wﬁ 1(n) wadla
aenangniludssendldanulunainvaieniu 81y ssuu
USuaunausefuluaLmed (Battery Equalizers) 81upanie
wazwAluladnasnunyuIsy LY seUuwadiaseniing
(PV Systems) [14], [15] gﬂLmumisia’nwuaqswuLmaqﬁu
Adaunadiy anunsasnuneentailuy 2 dnwaie[16] fanmw
7i 2 () wae (@) loun

(1) 1A59a5 1L UUBUNAVUIU-LOIANA YN TY
(Input-Parallel-Output-Series: IPOS) unasde(lunateas
La19191n8) AovuruusIunisvesrsasudasdulndia
nszuanss drulnan@uiiedines) desynsuiudndunis
vonsasulasiulninszuanss

(2) 1A59a51ILUUBUNABYNTU-LEIANATUIY
(Input-Series-Output-Parallel: ISOP) unas38faaynIUNY
Fruntavesasulasiulniianszuanss drulvansevuiu
fuBnsunilwessaswlaiuliihnszuanse
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(Inverter)

<
Load
(Inverter)

<
Load
(Inverter)

(@)
il 2 () nMsudasdurdslwihuuudiaficn @) ns
LURAINUATEIUNNEIU IPOS Waw () NSUasiy
189U ISOP

1A39831932 VN TWUAIRUNNAIUN9EIU Nanalu
29 2 (@) way () mndunsalnnsenseAunsesiu (Step-
up) LASEINNEYeI DV aziduauuazuin muaIfu useiu
LWNA (V, ) WSIRULLQALARLAINAY (V,, ) WAZLIIAUT
Pvensaskladulavinssianss (DV ) Jsfinuduiud
o a
AFUNITN (1)

VvV, =V

o PV

+ DV (1)

dwiunsal IPOS Weanylliiinsagdeluiss
wUasdulniihnszuanss dndiumdslndi (K, ) Agnudasi
sk Uasiulihnszuanss (D P) serdalndiiesdng
(P,) amnsarialansaunsi (2)

DP
K = —=1-
==l

0

lay G, fe dasndiuseninausiulugalyad

2)

wasofind fuussiutendne Feilrndfenniiuils dmsunsd
NTUNTLAULTIAY

dm3unsdl ISOP dndruiddlulihiignuuasiusinu
rswdasiulniiinssuansaviniu

K. =

1
p G_V- 1 (3

asalunnd 3 uansdndrusdslnihfigewas
Fur1ur9aswlasiuliiiinszuanse Faiulddn dadou
Al fidesuasfuniursasuasdulaiinszuanss
arflananauie G, dandrlndnis wagileluTsuiiioy
581174 1A59a519 IPOS AU ISOP 3gnUilAseds1aluy IPOS
felfuseuie Adndrumdslninfidesudasiuniuics
wlasiulafinssuansesiiniansdl ISOP \iefiansaunfl
gnsd G, eIty
uananiidmiulassadiauuy 1SOP e, fie
#1n31 0.5 axfinalildiinnisicusuunlasfuiigs
VN (K, > 1)

17

—ISOP
—IPOS
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G

v

AN 3 ANUFUTUSIEINK , (U G,

amnualiuseansninveareaswasiulug

PN v o w ' a o
nsguansanlglunisulasduidaunsdudaniitu h,,

Usz@nSnmsiuvesszuunskuasiumasuedu h )
dmsulaseasiewuy IPOS HANviiy

FL
rIsys = P

PV

=1- KP (1' hdc/dc) (4)

LarEInsULATIAS 1MUY ISOP fAyIniu

_ 1- K.f (1' hdc/dc)
1+ K, (1- hyy)

sys

aslunindl 4 uansUszanSanvesszuunlasiu
e ersasulasiulnmsadiausyansaaneieg
fu FadulginnsldmadauUasiuidunsdudidlasadng
WUy IPOS ?«]3“8’3EJEJﬂi%ﬁUUi%?W]%ﬂWWIﬁQﬂ%uLﬁlaLﬁEJUf?fU
nsuUaluLUUANMATlAnaent R K, widmsu
lasasIeuuy 1ISOP Useansnnvessyuulzgnuuugalie
Tudmiuk, ardng wirdu deduiiefiansmadiu
UsEAnSn1muaznswein1syineuiianuseyeusuuslas
Aufitdaunsdule aunsaazuladnlassadrawuy 1POS &
AMLLIINEANLINNTE IS USEUUNIsUasiufidesnis
YNILAULIIAY
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—=— IPOS eff de-de=0.7
07 —4—IPOS eff dc-dc=0.8 B ~

——IPOS eff dc-dc=0.9 “m
——I1POS eff dc-dc=1.0 AN

06 - - ISOP eff dc-dc=0.7 LN
—4 |SOP eff dc-dc=0.8
~# -ISOP eff dc-dc=0.9

System efficiency (Usys)

05 *

0 0.2 0.4 0.6 0.8 1

Power ratio(K,)

AW 4 USEANSANUR95UUBUARUNANSIUNEI WU
YNTLAUBIIOUNTLATIFS 1MUY IPOS whag ISOP

3. MANNISYIIU BAZN1SILASIZN92S Wanawua

A99EINTIUTTUURUAINUNNAIUINE I

1A39E519U99T8 VULUAHUAISIUNEIULUU IPOS
aun i 2 () Sndudesiinnslirasuasiulnfiinszua
assiifinsuanlaamslinia (Isolation) sewinaednuues
yastiduiuasinnsdnnasudiiiediudunn wasulas
Ruliinszuanssviinnatsuun (Flyback Converter) 1{u
295788 wangUnsaities dsmalidunulunisnandiiud
fonegranndmsuidaluiildidy 100 Tad Fe3asia
fananinantdgrinueIealsanu (Voltage Stress) ain
Aseuadndanshafaindudsugifegluszfugs uas
Adalwihgapdogslusasurandilidmiugadundsay
nanuwmdeatiilvalunieudas dwmaliuszansnm
ganTmeuuaanaadueginn Tnsamedloidalndi
wazmNEnsaintinngstu madenldaes auuauuy
#0370 (Two-Switch Flyback Topology) Funanslunnd
5 Huwumslunsudladgmiingriundisdu Tnedidunns
vhaussesunglded

92971 1: uoaln Q, uaz Q, gndslsiinszua
(Turn ON) w¥auiu LAnnseLalaaINLIaITBRIUIAAIN
Ugupfnemiiouasiidnuasfsiuesradudaduiilian
nsavaundsuluduniedviudindn (Magnetizing
Inductance, L )

wasil 2: losoamnrisaesiagnddlsivgatinssus
(Turn OFF) nseualudiuieatviudininasszuisly
RS IR I EERE LLazSﬂdquwﬁqiﬂﬂis@ﬁmﬁwszﬁ;LLqu
1dnaluneaiia (Output Capacitance, C . ) L34AUAN
AON Q, kAT Q, 'ﬁaLﬁ'umﬁ'ﬁuaéwimLéaauﬂisﬁagﬂﬁﬂﬁm
(Clamp) Biwifuusasudunm (v, ) Weiiansthnszuaves
lalen D, uaz D, lutniwdsnuiiavaulusmiendilnasy

A o o oy A | &
Aundulddaunaadneiudunnlaeilalennsaes

4299 3: endsunavauludunieidilnanie
navANUMAITIEAUBUNAIUNNA Lalen D, uar D, Jimen

UNTEUEA USIAUANATEN Q, WAY Q, LAY

Vo = M (0

A9 5 2995uUasiunaeLuRdRIERI Rt
SYUUNSHUAIRUANRIUN9EIY

TudrindunuitaradFlusmidonivhudndn
Tugasil 1 azgnansloulddasnuiondnnvenses lunis
senuuuvialuildlalentideinsvua wsdeddiuseiuil
agviouanilanfogiiunSsimuugugiidaliiiuusiudunn
ﬁaﬁui@ﬁmmwaqmsaiwﬁ (Duty Cycle, D )d1%5u2993
Waneuuprtinaesaindsoslaiiu 0.5

defmundanduussiulugawaduateiingdse
LSIULRIANS (G, ) dndrusouveIndoulatnalsiun
(N) 9zdiosgnidentvimanza telalivasnisvianuiu
Fodriavesiginsau mudeulaluaunisi 8)

1- G,

= —— v 8
G, (N-1)+1 ®

< 0.5
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04 D 0 0.5 N N RN

0s | NN
RSN
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0

Duty cycle (D)

0 01 02 03 04 05 06 07 08 09 1
Voltage Ratio (G, )

AWH 6 USn1svinaunyili D < 0.5

Al 6 wansuiaiauiiluluaudeulyly
aunsi (8) nenuinide N fengs seuunlasiuazananse
sos¥uusadudunaldlusianing (flofiansaniiusesy
dnaasil) agnslsfimunindond N Munzauazdes
#sannmasgadsluvaaiandeutas (P,) me

_ — 12 2
cu I:)cul + cu2 — Il,rmsRl + I2,rmsR2 9)
1ne P, Waz P, Ao n1sgqdsfuaaingiulguqi
Y v <9 Y

a a o o

LASNABNUATNATNU

Y
a

wag R, A9 ANUAUNIUYDIUARINAIUUGH
niluagyReniinuainu
|

1,rms

waz 1, fie nszuailvaluvaainsulsy

2,rms
nluazRgnianuaau
1um5zﬁ1’7ﬂm5mmﬁamamiz wavituainan
(Magnetlzmg Current) §ianein 5UﬂauﬂiwLLaw1m‘Lwﬂmam
maaamumawmLLUaammmtJamwmImUuwaﬁﬁmasm

Fannd 7 lnedaurmdul,,, way Iy e AINEIAU DS

1,flat

[ o o

uNuSHURNERdIuSo UM DUUAY

I I — 1, flat (10)

i 7 nssuanuUgugiuasyiegiluiasulasiunay
wuagosaing uaznsuszanaliduiaddnaey

nsUszunalmduiaddvaonazyinlimensisuy
LOEAVDINTYHENIFDINUVDIVIBWUAY AURlARIEUNIST
(11) waz (12) suaneu

I1,rms = \lsll,ﬂat (11)

, |
I 2,rms = D_¢ = (12)
’ D N

1N@UN157 (11) way (12) WenwualiAiau
WULUUNTEUE (Current Density, J ) Tuanalnvisanniu
fA1iy ANUAIUNILYesURaIAMuUTUAnuNRe Ty

dusiusiuall
,D
R,=N?|=R, (13)
D¢

Wewnuaunisi (11) (12) uag (13) asluaunis
(9) agldaunsmdsgadesuluvaatandioudas Awaunisi

(14)
Di

wag P, Aialdanaunisi (15)

=D, Jrl, (15)

Tag 1 Ao Arwsunmudumng fagiithuniunain

(Resistivity) kar |, fio ANNENIVBIURRINYTUYT
Tnssa$rsnsudasiufdsursdiuniunind 5

nszuaieanainlugaisaduasoriing (1., ) axiduriade

VOINATINVDINTLUA i, 11U i, AsAUNITA (16)

IPV = Dll,flat + D¢2,fla1 (16)

Tneedeannisi (8) (11) wag (12) 9¥@11150a91

ANUANTUETEVIN 1, AU 1 16

!mr—r_q]h; (17
=5

waranunsadeuaun1sidsgaderiilurnainndeuda
Tyadle daaunsh (18)

P, =1,Jpt,(1-G,)

J-J_l (18)
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WaNa1sUININANNITH (18) NEN11N15YIN9U
o HaE G, AsiAmile Msagidslureainveiianas

o b+
D

8UURY UMD Foduilanduveaiginsau

Tagn i 8 wandliiiuin Lﬁ@i’g%’ﬂimuﬁﬁhqﬁu Haridu
Fenamagiiinanas dedulunisesnuuuiiiosvuad G,
wiazdeadond N Miligaviaueguinaigdinsay
TndiAaity 0.5 Fsaziinalvimsgapdeluvaainiais
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N
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Duty cycle (D)

\b + D¢
D
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AN 8 N vlualeanTu

4. NM3AAANNANE9EeEA (Maximum Power

Point Tracking: MPPT)
nsdneugaidegegaiiuandlunmil 9 1Huisms
suMULagdna(Perturb and Observe, PRO) Uwﬁugm
yoan15iUAULUAMIIY (voltage based MPPT) [15] Taes]
wdnn1sdrfgyie n1ssuntuussdulnihilugaiwad
waofinduazUsziiunanisivisundasasiddlni T
nsdfnsidsundasianaadanaldiidelnfiiugy
Sanesfivazdniunisusuiudsuussiulniigndda Voy rer)

lufimmaivegeiaiiies iieduinfougavinauvesssuuly
Li’fﬂ@iﬁgmﬁﬂéjﬂﬂ/\lﬁ”@qm (Maximum Power Point, MPP)

N ——— — — -

DC

Optimizer V, (constant)

PWM
Modulator

P&O
Algorithm
(MPPT)

Voltage
controller
G(s)

AT 9 NIAAMINIANAIFIAAVDIUKATAAWATDITING UL
WugUvINsAs UL A TIAY

N1399NLUUMAIATUANLTIIU (G, (5) ) IADINTIU
flafduselouszminedpdnsaudvussiulwitilugawad

waseniing lngdmivasasarsuuaiieglussuy
wasduidsnsdiumlassadslunmd 6 ievinnisene
TouvSnarunAeglundwhulguglansadewduims
\WsuiAgaeasnou-nusedulddanind 10 1ng ig= Ni,

uay (Dv)¢ = (DTV)

Buck-Boost Converter

<
O
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N

a v o w ' ~ a &
AN 10 S3UUBUBNRUAISIUNEIUNE UL AR T WIS NDU-
NUTLHU

Friluguiiuesiiieudsnasneu-nusesu
AINNTOUNUABUUUI1ADITYYIIUIALEN (Small-
Signal Equivalent Circuit) 49429958 U-nuszAula [17]
AU UNATDINITILIATIEIMLUUT IR eI
YuALan tagRiansannANNduusSvesUSU AU A
aunnsi (18)

c, %, Pos B (19)
n dt

Iny rnuasdusznouTAinges (x(t))

1A59a51952UUNSUUARUMATUIEI AUATNDN
5 W39 v, HA1AIAIINNTATUANYBINIBULIBILADT

v
LYY

PNUU
9%,

Dvg= - Bv (20)

e nAvEILUUT AR R MU BUVAS LT ILTIgN

AUANFEUSIF Fauandlunmd 11

NN 11 nsud i, i WaE i
i+ ig= i (2

fedunszua B anansndoulugduvulmaildded

Y]

AunusHuRal

—_
~

Po= (P/n?- i)1/0)

N (22)

wuudnaesdauvuIninuedlugauaIeIing
dannroun)iiwanuateing (T ,) bazanudusednis
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AN 11 uanuuuinaesdyaavuainvetes
Ualuwesitdiaue lne x unudsunw o 9avihnuiiasy
(Quiescent Point) 84 <x(t)>

Ingnslinseikuuiassdygiawuadntunm
7l 11 agvilildiladdunieloussninensiuasuuyausadiu
Tugaiwaduaeniindsionsudsuniasiginsam fsaunsi
(24)

) 1+=
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)= =G~ (24)
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5. N1992NLLUULLASHANTIINAFU

AuULUUATooURluLges (DC Optimizer) Uu
Tssaisfiugiuasasaneuuagesaindgnoonuuyliviney
fulugalwaduasenfindffamisdinesuanslunisied 1
wazimualiussfusuedmAsiiviniy 60 v

M13199 1 Ariiinveslugalsaduate1ing

Ainlugaaduaseiing (Frnedlagunaing
Innszuansailuswnsule)

) 200 W
36.9 V
542 A

NANEIER (Pmm

usstulaiih o gaindsgegatv, )

nssualyiih a gadsgegn (1)

Mniidavedlugatwaduaseriindlumsned 1 uaz
L3I NAreteaURluweS AVUATRIINITLUAILTIAY
Iviegseni19 0.5 1 0.75 Fatudlefinsanannsilunnd
6 Sns1drusovrnmtaulasatswuafinuizausdan
Wiy 1.25 tiearyiliigdnsnuvesnisaindegsewing
0.21 89 0.444 @FuJutneiilndifes 0.5 mudildesuislu
et 3)
dlomuunsnsnisulatussiulazrdndiusounes
vifouvasliuda Wlefiansan u gaindsgeanvesiuga (200
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wUasaIsuunFEIBHagailuf (Area Product Method)
aeldAmsiimesdug vesarsnatsuuaLanslily
AN5197 2

= a a ¢
A157199 2 Wdmesluisasiansluadeseing

gnIINTWlATIRL (G, ) 0.5-0.75
dadrumhadlih (k) 0.25-0.5
mdaind 80 kHz
wnumanieslsvi E1-40 Bin=0.12T
dndusou(1:N) 1:1.25
mwmuﬁmﬁw‘imﬂmé‘ﬂ(Lm) 83 UH
nszuavhudvanade (a,) 6.25 A
mimmﬁammma(mm) 30%
Frunudszqduwn (C,,) 100 UF

5.1 N590NLUUINTBUAIUANUIIA
dlounumisfimesiiddyananssi 1 uas 2 a9
TUluaunnsi (24) agldflardunneloussmrinensiasuuntag
LssfuusLYaduatefind densiuAsuuUasiginsau (u
Ushagaidslifingsan) Fsiiwisndimesiddymusuuuy
1NATFIUTLUUSAUABDY Lanadan1a7l 3

A19199 3 sdwesluilanduaelaus, (s)
W,

Gdc z Wo Q rMpp
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12 9ztulddnssuuiiannisiiiotna (Phase Margin)
Aeutnwn FsoraviliAnanulidiafiosvesszuu Suinsld
AgaLsaLuULWEINY%EN (Lead Compensator) Lﬁmﬁuuu
LWﬂIuUSL’Jaﬂﬂaﬂummﬂmﬂmu(Crossover Frequency) vm
Tnsiilewlaiiutudu 80 ssan andufiiudnsvened
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GWINSTEK gu PSW160-7.2 dsnldiraaanginssunising
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ABSTRACT

The objective of this research is to compare four algorithms, namely the Nearest Neighbor Algorithm (NNA),
the Clarke-Wright Savings Algorithm (CW), the Genetic Algorithm (GA), and the Evolutionary Algorithm (EA), in finding
transportation routes that minimize both total distance and computation time. These findings are intended for
further application in the logistics management of the case study company. The experimental results obtained from
customer groups of 10, 20, 30, 50, 80, and 100 indicated that for problem sizes with up to 100 customers, the EA

yielded the shortest total distance, while the NNA required the least computational time for each group.

Keyword: Vehicle Routing Problems, Nearest Neighbor Algorithm, Saving Algorithm, Genetic Algorithm Evolutionary
Algorithm
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Solutions) unuilazidunataasiied esauAudamuins
H1ulassadranisaneneaniaiugnssulundaggu
(Generations) vhlmunzaudmsunisuiluudteymis
swiumududouguariveuniuiidineuuualng g
Haymnisdadumenuninuey Jadadulamuszan Np-
hard

3.4 MsUSuuAInITimasuazN1IAIRUAFAINLINGY
N13AUIN
Tummeseuuazi3suliisulseansamiievdmey

fmngaufignuestunauidie 4 sULUU Fo NNA CW GA

waz EA N1SAIUANKAZAIMUAARINITITLADSITIAIUIN

FUHINTAVANANINWINABNBITALITHAzTaNAWISITY

Hadeingaiidsmalnenssoninuifiewss aAnutndetie uas

arruansalunisinenldvesnisnaasndaiiuin
(Reproducibility) Inefiseazidonnseniiunsmellil

1. nsUSuusentsfiinesvestunoudsiviun
Wisuifsvlunuidedvszneudsassngundn laun
fumouisdiSafnuuuiivunilenudineundn
(Deterministic Heuristics) LLa:%umauﬁ%'mewéﬁaaﬂLLUUfjaJ
AUNITNLATIAS19ITUINT (Stochastic Population-based
Metaheuristics) &sfluwimanisinunainisdnesainim
nsmsaaeuUsav A

1.1 uneuds NNA uaz CW luduneuisuuusvun
Tassasrermeuluduneuien (Constructive Heuristics) 34
Lo sduluszuuiidoshmauiuuds Inetuneuis
NNA azasradumalasnisidenidendeugniiieglndiian
Salunugiu vausfiduneuds CW szfuanasInAy
Usendareesreen1alun1sgusIdunIasEnInegnaAniY
nssn¥neAmaransag1adussuy

1.2 Sumeuds GA waz EA flosandszansanlunis
ﬁuwwauLwﬁmawaqﬁu’qaaﬁ%‘%ua%}ﬁ’uma&y’q
A1n9fileefiniuaun1 i uvesfadiun1sids
fugnssy uideddsldinimaassfuaimaiines
(Parameter Tuning) Uusqm‘ﬁ'auuammaauLﬁ'aszqmﬁmmzam
fign Aefulsziunsgiingaadmeuiinfigaluveuivnnis
fuandirnue LLawﬁﬂLﬁaqmiam&ﬂuﬁmauﬁmmzam
ﬁqmawwﬁu (Local Optima)

sreavidennisivuaainsfinesildlunis

fnamestunewisme wandlilumsieiuancd

A15°99 3 N1IMUUAAINIT IR INTTIUNTAUI U ITURDUITA)

Funous W15180e35 A iimesfiivun

NNA AR R AGH Linunsfinesidegu

cw AR R AGH Lnunsfinesidegy

Genetic Algorithm (GA) AUTEYINTSUHY 100
gnsnsnaneiuguesduy 0.8
YUIANFUANEONUUUTITU LA 5
IUIUTBUNTAUNOALUULBALAL Top 1
F1UUTBUNNTIIAUINTE IR 500

Evolutionary Algorithm YUIAUILBINTTITINUING 100
89N INANETUEITIANINTS 0.8
dandmunsimideniiloduiug 0.45
Indfnnsdldmaunyai 30
Lﬂmﬁuqﬂﬁwmuqqqmmizw 500

Uil 20 adudl 1 uns1ax - Suneu 2569

55

Vol 20 No.1 January - June 2026



ISSN 1906 — 0874, ISSN 2651-2130 (Online)

sSTEUvAna
'I'"IS‘J|nW

M5E5I8 UT'

2. mstmusanIndomBsiuIn IilemuauANL
wUsUTIUBIAIUIkAESUUTEAUININITIUS ULy
Usgansnmsnunaitldlunisuszanana (Execution Time
3o CPU Time lunmiaoduni) iluldegraiissnsanas
ERERHGRGT nsmaaeudsiuameun T dununeld
TassauszuudumeifauautRnefinaonnisvaass de
HP Laptop dmsun1sidefilénanilidned

lunszuiumsiunIsnaaedemuIn seuuUjiRns
32gn911An135ulUTUNIUTEUUAIUNET (Background
Processes) muniitolalliAnn1sunsnussnisUszanana
94 CPU Tunmugvinisvageuiana uenaini tiesan
Tunouds GA uaz EA fnalnmaiauludnumsdudum
madendmey {ideTsiidunmsiunimaaesnsiuau 10

seusnensldiudnnisdu (Random Seed) fiumnsinaifuily
wiazduawnudvesdanddayni ielduseloviannnis
Uszifiumanadonisadinasudussiuanununiuves
mmauiilaSuagrafuszuy dmsunansmeassazuansly
Witadinll

4.nan1INnaLarafusigna

4.1 NAN1SNAADY
dlerinisilSsuifisudssaniamuesnisdadunisves
Fumouisie 4 38 lughuszezmaildlunsiiuniesiuuas
nanfiutazdunewdsldlunisussanana LeNAILIUINTES
{]n_;m?jaﬁﬁi’m’gugﬂﬁwLL@ﬂsmﬁ’u 6 Nay Fauanslunisnad 4
way M5 5 muEeu

M99 4 szezvnafiusaztuneulslddmivvnnlaymusiasngy (nide : Alawng)

B3 UUgNA1 (318)

10 20 30 50 80 100
NNH 126.00 203.96 198.80 220.67 246.29 350.09
cw 127.00 163.82 213.36 254.95 322.71 422.42
GA 102.40 133.16 151.82 178.33 212.46 308.06
EA 96.80 123.46 146.58 173.97 206.93 296.40

mseit 5 aniililunisUsznanadmiutlagmauaiie udagngu (e : Juad)
B3 F1UIUGNAN (578)
10 20 30 50 80 100

NNH 0.13 0.13 0.14 0.16 0.18 0.20
cw 0.15 0.20 0.31 0.84 3.13 6.97
GA 8.68 26.95 34.61 54.55 107.27 146.58
EA 44.66 121.82 333.19 3,953.82 10,232.29 14,348.00

4.2 afusena

IINNANITNARBINUIITUNDUITING 4 annsauidgnnie
vuInesgnAnddsulua 6 nquld uaznaitldnyd
aonndesiuuisoes unga [23] 3935 EA eiszazniesu
fidudsualialddedunsvudsiiintutiosdian usde
ﬂmim’]éfmnaﬂumimﬁ’mau?%‘%ﬁaaﬂﬁugmasm NNH
uaz CW mdaeuliifinindleduugnalaitiu 100 1

5.85Unan15398 wazdaiauauus

Funeuddiie 4 anunsandunianisvudezlva
soeudlulignAnla lae38nauiunidisafinAeds EA wag GA
aglvirnszogmslunsyudedidesniinguissaindods
NNH waz CW agnslsfinu §3deazsnamnassvensdaymili
Tnajiu fodosdisruaugneAiannndt 100 18 Wieguatly
nsmdReUTesuneuIsie Wutu wazihluldluns
W luswnsudmiunisusnisinnisnisludunsaifne
maly
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Study of the optimal number of lotus stems for yarn production
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mAfeiiinguszasdifiofnuduufutmasdiongarlunstusududuiedmivnutinifeie wasnaaes
Usggnalfidusneaniutmandunuiingdhede nefmuatafeidnuidudinaufuiovas 3 seiu ldun 3 fw 6 fu
uaz 9 My MaHUNMIVIAassUUEdNaNYIel uazthidusefldlunaaeuautRinisnionm 1iuA AnudumusRe AL
wazANTL HamFITEnU Wusanfutvaissiuo 6 fulerumngausensilUldlunulinddedeunniian |
TneilAneufumussis 1.20 + 002 Sadfu A1rumu 0.16 + 0.02 fadiuns wasAaududosas 1607 + 1.09 iudne
flFinnudaveu ldiunennde uaranmnsoasgUldfidethlunaaostind nansnwialidiuiiumansdidneniwlunis
Wawnduduinesssurfdmiunuinanssy wavaunsosesendniniueiasvassaaniaqudelinanisnunsla

Adndgy : AMudma, wusednd, nudnidmeile

ABSTRACT

This research aimed to determine the optimal number of lotus stems for producing hand embroidery yarn
and to experiment with the application of lotus-stem yarn in hand embroidery. The experimental factor was the
number of lotus stems, with three levels: 3 stems, 6 stems, and 9 stems. A completely randomized experimental
design was used, and the resulting yarns were tested for physical properties, including tensile strength, thickness, and
moisture content. The results showed that yarn made from 6 lotus stems was the most suitable for hand embroidery,
with a tensile strength of 1.20 + 0.02 N, a thickness of 0.16 + 0.02 mm, and a moisture content of 16.07 + 1.09%. The
yarn was flexible, not brittle, and retained its shape well during embroidery. This study indicates that lotus stems
have the potential to be developed into natural yarn for handicrafts and further into creative products from

agricultural waste.

Keyword: Lotus stem, Embroidery thread, Hand embroidery
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1. unin

U189 (Nelumbo nucifera Gaertn.) Lﬂuﬁﬁﬂjuﬁﬂﬁ
fanudrdyiluduiasugin deu uazTausisuves
Uszwelne Taenisindiudns o astavais lawn aen
wan Tu wasm wldusslemilusuems eragulng way
MsUsENaURSNIsuMeAaLT ag1slsAnIu Mendensiu
Aermenuaziudata Autmalssuiumngnindutan
wiaeldnenisinunsudeidalasnsuiinuagidluwmnasi
FaneliAadymiunsianisvendeuazdivianisluld
Usglowilludeaiuassdograduszuu (1 ludrmanedi
Hunn AMudimadslasuanuaulalugiusingAudmsunis
nAndulossuvif (Lotus Fiber) tilasanniduleildd
AnautRmy WA datniun dudamfy ssuioinields
@m%’umm%ﬂm”ﬁ waglanudufinsedauindey [2] warlu
Tagduiduledamarsgninanldlunisudndmeludseina
Wouan fuy wazdoauny auAndundnfusidmeis
yargwmazlasuniseeusulusedvaina [3) egralsinu
dulotvansiidedndunisuussy esainfudades
dhanafadulonslusseznardudundinisiiuieaile
deafunisidenanmveaduly uazdminesdnnuiifeiu
nsmueuAmaTRveadusie indnld

nudnddheiiodufauinanssuiifiunuimddalu
nsifingaAdgundszliunindeaeiunaziadedldly
PinUszdriu leeagviouisnulsyaln AuTIugy Lazon
anwalneausisuvesaivassaegretniau luefinnsin
ddeuldidulnndeniuardnidunisindrfeienanun
LﬁaqmﬂLﬂwuﬁé’mmﬁammasL'S&Jmﬁiauqa Aouladinas
WauazUfuidasusuuuulaeldidusedsng 4 el
ANUnAINMaTekarANaIsNliiurany [4] Jagiunu
dndirdanadusuinonssufiauisaussgndldidule
sssumldegnmainvans lnsamedulefidanuaziden
gous uaranunsnduguiduduieldedwiaiiios Jafuidu
wuanavislunisifisgaenliudfagmaelinisnisinuas
wagiwnAnsrrnonssufiduiinsdedauindon fausi
sgflnddeifnvnsnandulonniansssunavatevin
wiu @ulendae duledulsse wazidulodyvs suded
senuieafunmandulenniutmaiadieldlunuis
eyt [5-6] uinsnwiiieitostunniriudivans
wRmundududredinivauidndisieiedelidnin
Tnglanizdeyaiierfuiiununisusunafiutavald
AN ANADENTANIINIBAINTDUAUAE 1TU AUATUNIY
LTI AUV WAZAIILTY Fududadeddyiidmasie
Ansnwlunisindusineluyssendldluanuinanssy

Feifu H99919909836A1N% (Research Gap) 184
nsfinwdl Ao nsviadeyaidsuszdndiieafunavos
Usunaumutmansoaudfinisnieninvesdune wasdsll

fifeasuiitaauinuTaiutmarauiladavansande
mamundududiedmiveuindidieie deomgid
nsfnwUuufutivasiinganlunistuguidu
udedmduaunddieiie Salinnudidyieluid
InmsnaziBeuszgnd Taesjatiunisainsesdniuiieai
AuautRvesnuTIa MIfwuINTEUIUNSHARMY Way
mMsUsgfiuandinianieamveaduiieinanainiiug
nadsluyTunnsingg LﬁaLﬁuéﬁagaﬁugmﬁm%’mﬁﬁwm
ureanduletimaiwanisussendldlunuinanssy
Pndulesssundlueuan

2. FAUTUNTINY

2.1 nsAnwUiinaiutmatdimanzanlunisudn
wWusedmiuanutndadlsile

2.1.1 mawSgunudives

ihnsAndenmulutavaanaieiugiivatanse sl
(Nelumbo nucifera Gaertn.) %ﬂﬂgﬂﬂ’mluﬁﬁﬁﬁmsﬁﬁ?
unIngrdumalulagsivuinasyys 1L0eAa0INAIN
Jandaunusdl Ysznelng Tasidudiegrsludaaiiion
panANLA. 2568 daldeniutiiifongrdumeiuussann
4 dUai Huunaduriugugnats 1.0-1.5 wudung uagdl
ANEILadY 50-70 Wwuilung Tnefutaidanldded
Snvauzan Savuauysal linide warlifisosunn sendn
vieitos vdamafuie difuduienuazenadae
averauazdulviuis neuthluadmduloniely 24 Falus
dietostunaidenaninveadulouaznisgadoniudu
pusTINER Inefituneumunssuiumsieuandlunnd 1

fnnuUI A ANNEILNEaLUTEU
20-30 LURLUAT

'

msyannuesniaglifnnesvielinlay
WA AL AUKLIETIVI LTI

v

YINUTINAIUNAVINANUAZDR DINUUE
Tazdniin
iutvataninidurieuyssun 5-10
wuAluns Mnuuldiietamutivalrauig

v

Teflaveaastrsdulane Ut Ia 19N FinLa
ADEY AYOBNAINAY BATIUTINAY

JduleNniundluisliwrdunsy a1ne
DYNALAIN RANLALILFILAALATAT

AN 1 nsEUINNsassEuleanAuTIae
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A9 2 nsaaduleaninutivians

2.1.2 nsAnwUsInaf utmasiimunzadlunisuan
IR

Mnsanwsinafiulutmarsiiuansanlunisnde
usne Taedadefivhnisfne fe s1uiufutivais uls
v 3 seeu Tdun 3 Au 6 A1u wag 9 MMy AuUsunuaIn
nsfnymaaesludoiu ¥hnsnsumunsvaaouudu
amyj‘iiﬁ (Completely Randomized Design, CRD) mﬂﬁ'uﬁ’l
EleflalvAnseviantfinig monmameassas 3 91 Ll
FadonUSunaiuimarsfivanzaudnsunisnandusie
dmsunudnddaeie dil

2.1.2.1 MINAFDUAMNATUNIULIIAG

FnsveadeUAMLiIUNIULS TngldeSemaaauuse
A1 Ju DS500 (DESK, Germany) yinMsiaseusiag1aidunneg
A2817 100 Hadwns nageuiinanuialunisie 30
fadwnsreundt Tnesinnsnaaeudannasias 3 91 uaz
JufinA1A31UA 1 UNIULTIF9gaa (Maximum tensile
strength) n8TRU (N)

2.1.2.2 MINAFDUAIUAUI

Mn1sTamunuvesduselagldiniesiaaunu
A37a (Digital Thickness Gauge) 3U Mitutoyo 547-401
(Mitutoyo Corporation, Kawasaki, Japan) A118azL88a
0.001 HadLUAT YINSLASENAIBE19VDUFUAIEINAIUT
wasns 3 Ammaes Tnenislddaudiionaduduimilou
Asteui Welaterdmsuldidusieaniiutanes
Uaeoilatiioliiinduudindnasiidadreaindutavais
NAdeUAImAanIay 3 30 waiinstuiinwatfuniae
daduns (mm)

2.1.2.3 NMSNAEBUAILAY

¥msieseiUsinunuture adusennteuurdy
Aauauieu (Hot Air Oven Method) Tngldgdauausou Ju
JSOF-Series Convection Oven (JCR, Korea) Iﬂﬂ%&ﬂfﬂ%ﬁﬂ
Freghalszanm 2 n3u Feln3estiRararuazden 0.001
n3u Yufindhdndudu antuilleuiigumgd 105 + 2
parwaLdod Wuan 24 $alus wieauiitminasi uda
tansinlulagaanududuna 30 wiit deussdmiingn
ﬂ%ﬂ ﬁ?u?ﬂ;%ﬂﬁlﬁzﬂ?ﬂu%u (% Moisture Content) a1
AUNIS

opavATITy (%) = [(W1 - W2)/W1] x 100

dlo Wi = dandndaediadousu (n¥u)
W2 = tindaegnamdseuutis (n3u)

fflunsnageudmaansay 3 91 wartuiinArAuiy
e

NNSVAdeUALTRNIINEANTBITT 3 AanAaDs 11
A1SNANTUIINAMUATUNIULTIAY ATAIUAUT LAZAN
Aty Tnehdeyadiliuiiinsziauulsusiu (Analysis
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