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Editorial Message

Congratulations to all researchers whose articles have passed the peer review and were published
in the Journal of Engineering and Digital Technology (JEDT), Volume 12, Issue 2. All articles published in this
issue have been reviewed and advised for modification by academic experts so that to have best quality
contents and are extremely useful. They can be used for development of innovation.

The journal's policy remains the same, accepting articles in both Thai and English under the
accreditation of TCl (Thai-Journal Citation Index Centre). Therefore, JEDT received more attention from both
national and international researchers.

JEDT has been certified to be in the TCl 1 continuously until the present. The editorial team will
maintain this standard forever.

The editorial team hope that all articles that were published in this journal will be beneficial to all

readers for citation to their research and development.

Assoc. Prof. Dr. Ruttikorn Varakulsiripunth
Editor-in-Chief
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Abstract

The objective of this research was to develop a predictive model for failure events of variable refrigerant flow
air conditioning systems using machine learning techniques. The air conditioning failure events were attributed to
the amount of refrigerant. The researcher utilized the RapidMiner Studio software to construct models from four
algorithm types: Decision Tree, Naive Bayes, Support Vector Machine, and Neural Networks. The dataset used consisted
of 402 records of variable refrigerant flow air conditioning systems Better Cool Co., Ltd., containing features such
as refrigerant pressure, subcooled value, superheated value, number of units turned on/off, and operational status
(normal or faulty). To evaluate model performance, the accuracy, precision, recall, and F-measure metrics were
calculated and compared across the algorithms. The Neural Networks algorithm demonstrated the highest
performance, achieving 95.04% accuracy, 94.17% precision, 100% recall, and 97.00% F-measure, enabling accurate
prediction of normal or faulty operational status.

Moreover, the researcher enhanced the model using the Stacking Hybrid Ensemble Method technique. This
involved combining the top three performing algorithms: Neural Networks, Decision Tree, and Naive Bayes, for
classification. Consequently, the performance metrics improved, with an accuracy of 95.52%, precision of 97.219%,

recall of 97.21%, and an F-measure of 97.21%.

Keywords: Deep leaming, Predictive model, Variable refrigerant flow
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Abstract

The objective of this research is to study the physical and mechanical properties of cement paste and mortar
mixed with the Low Ammonia Concentrate Latex (LA-TZ). For physical properties, the normal consistency and the
initial setting time of the cement paste samples are determined as well as the workability of the mortar samples.
For the mechanical properties, the compressive strength of mortar mixed with concentrated latex are studied at
the ages of 3, 7, 14, and 28 days. The replacement ratios of concentrated latex were 0.5, 1.0, 1.5, and 2.0 percent
by weight of water. The results of the experiment showed that concentrated latex causes the cement paste to
require more water content to obtain the normal consistency condition as well as the increasing of the initial
setting time. It also causes the flow value of the mortar to be increased as well. It continues to increase water
requirement to maintain the flow value of 110+5 period. It is also found that replacing concentrated latex at a
ratio of 1.0 percent by weight of water is the most appropriate replacement rate because it provides the highest
compressive strength after the control mixture. The compressive strength of the mortar at the age of 28 days to
29.7 MPa, which is sufficient for general use. Moreover, the initial setting time has been increased to 30 minutes

from the control mixture, which makes the operation even more comfortable.

Keywords: Cement paste, Compressive strength, Concentrated latex, Setting time, Workability
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Abstract

This study demonstrated the ability to produce high-quality carbon fiber-reinforced plastic (CFRP) laminates
with low void contents using a single cure cycle setting up in commercial toaster oven via Vacuum-Bag-Only (VBO)
process. The results were discussed in quality and economic views. X-ray micro-CT 3D images of the resulting
laminates revealed the 0.28% void content; therefore, it can be classified as very good quality by Purslow chart.
Tensile (ASTM D3039) and flexural (ASTM D790) tests were conducted and the results were compared to void-free
laminate considered in finite element analysis. The high tensile and flexural strength of laminates were 451.02 MPa
and 767.61 MPa, respectively, which were only 12.12% less than simulation results. The cost analysis was
conducted to investigate the breakeven point of commercial toaster oven, autoclave and industrial thermal oven
for curing CFRP. The results disclosed that the autoclave contributed the highest oven cost and electricity cost.
The breakeven point of commercial toaster oven was 54,000 pieces of similar size of CFRP laminate curing by
industrial thermal oven. This suggested that commercial toaster oven was economical choice for moderate

production capacity and small working place.

Keywords: Carbon fiber-reinforced plastic (CFRP), Mechanical properties, Vacuum-bag-only process (VBO), Void content,
X-ray micro-CT
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. INTRODUCTION

Carbon fiber-reinforced plastic (CFRP) has been used
as a lightweight material in the aerospace and automotive
industries, as well as in the construction of sports
equipment due to its high strength-to-weight ratio and
its resistance to corrosion compared to metal. For the
automobiles, lighter vehicles consume less energy,
allowing vehicles to travel longer distances with lower
emission of CO2 [1]-[3]. Consequently, one of the main
challenges for the automotive industry is to design
lightweight vehicles using CFRP and/or other lightweight
materials. Several studies have proposed the use of
CFRP as a substitute for metallic parts or mixed with
metals to enhance their strength-to-weight ratio and
crashworthiness [4]-[6]. Nevertheless, unlike metals, an
isotropic material, CFRP is an anisotropic material, making
their mechanical properties are strongly dependent on
the orientation of fibers [7], [8].

The fabrication of CFRP involves the hand lay-up of
the carbon fiber to align the fibers in a desired direction,
followed by curing of the thermoset or thermoplastic
resins. In the aerospace industry, an autoclave oven is
commonly used for the consolidation of CFRP since it
allows for high pressures to be applied during curing
process at elevated temperatures. Therefore, the
autoclave process can achieve extremely low void
contents (0-1%) while maintaining a 55-65% fiber
fraction [9]. However, the high initial investment costs,
severe maintenance requirements, long production
times, and the large size of the autoclave lead to a high-
cost manufacturing process with finite manufacturing
capacities. Saenz-Castillo et al. studied the effect of
consolidation cycles of three different out-of-autoclave
(O0A) processes—Vacuum-Bag-Only (VBO), hot-press,
and automatic lay-up with in-situ consolidation—on
the void content and mechanical properties of carbon
fiber/PEEK composites [10]. The in-plane and interlaminar

shear strength of the materials rapidly decreased once
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the void content was higher than 1.2%, 1.6%, and 2.7%
for VBO, automatic lay-up with in-situ consolidation,
and hot-press, respectively. Hence, it is demonstrated
that VBO processes can achieve the low void contents
necessary to produce CFRPs with improved mechanical
properties. The detailed comparisons of autoclave and
VBO processes with different curing methods, percentage

of void content in CFRP laminate after curing and

mechanical properties are summarized in Table 1.

Table 1: Comparison of autoclave and VBO process

VBO
Thermal
Features Autoclave Microwave
industrial
curing
curing oven
Curing 0.3-0.7 MPa | Atmospheric | Atmospheric
Pressure [11]-[13] pressure pressure
> 480 min > 700 min > 271 min
Curing time
[14] [15] [16]
Curing step 2-8 [16], [17] >2 [9] >2 [16]
Length of 0.1-2.5 m? Only small
Part size
27 m [16] [15] size [18]
Acheivable 32 plies, 16 plies, 4 plies,
thickness 4.15 mm [19] | 2.16 mm [10] | 2.8 mm [20]
Void
0.0-1.0% [9] | 0.5-3.0% [9] 8.9% [18]
Content
In-plane
108.01 MPa 111.36 MPa 45.0 + 4.05
shear
[9] [9] MPa [21]
strength
Vacuum: Vacuum: Vacuum:
Energy
1.3 kW+h 2.1 kW-h 1.8 kW+h
consumption
Curing: Curing: Curing:
[16]
37.4 kW+h 10.8 kW-h 14.4 KW-h
Overhead 252 S/ 254 5/
215 S/hr
cost [16] process process

VBO process uses the vacuum-bag pressure (typically
-1 bar) to compact the pre-impregnated fibers (prepreg).
The VBO process allows for the curing of prepreg over
a diverse range of equipment, including thermal

convection ovens, heat blankets, and microwave ovens
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[22]-[24]. Among these curing techniques, thermal
convection oven methods exhibited the lowest costs,
cycle times, and energy requirements. Centea and Nutt
conducted a technical cost analysis of the manufacturing
costs of a VBO prepreg process followed by curing in a
thermal convection oven and found that prepreg
processing was the greatest contributor to material costs,
while the oven accounted for most of the equipment
costs [15]. Nevertheless, the cure cycle of a CFRP
laminate produced a VBO process using a convection
thermal oven needs at least two steps: 1) a low-
temperature curing, involving TB (B-stage curing) with a
first isothermal hold for t; seconds; and 2) a high-
temperature curing, Tc (C-stage curing) with a second
isothermal hold for t. seconds [25]. During B-stage
curing, the volatiles, i.e,. gas and reaction by-product of
resin, are free to escape with sufficient dwell time and
appropriate temperature and provide the rest of
flowable resin for C-stage curing. In the autoclave
process, the pressure is applied to consolidate the
laminate, and the rest of flowable resin can fill the air
gap between plies. For the OOA process, the resin is
fully cured by the elevated temperature, allowing the
consolidation of laminate. The total cure cycle time for
VBO process by a thermal convection oven is
approximately 700 minutes, which still represents a
relatively long production cycle. The comparison of
fabrication conditions, energy consumption and
overhead cost between autoclave and VBO process are
summarized in Table 1. Since at least two steps of the
cure cycle are necessary to cure VBO-generated CFRP
laminates in thermal convection ovens, this necessitates
the installation of complicated controller systems
within the thermal ovens. Thus, composite curing
ovens used in VBO processes are generally made-to-
order; consequently, the initial cost of procuring this

equipment is still expensive and unaffordable for many

small entrepreneurs compared to commercial ovens
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that are widely available in both physical department
stores and online marketplaces.

To the best of the authors’ knowledge, the use of
commercial ovens for the curing of CFRP laminates
generated by VBO processes has not been demonstrated
elsewhere. This study aims to demonstrate the use of
commercial toaster ovens for the curing of CFRP
laminates produced by VBO process. Due to the limited
controls available to commercial toaster ovens, only a
single cycle can be implemented: a single temperature
ramp followed by an isothermal hold. The curing
temperature at the final stage of vacuum bag curing,
120°C, and holding for 50 mins was selected as
recommended by the manufacturer [17]. The mechanical
properties; tensile and flexural tests, were conducted
on the [0/90/0/90] CFRP laminate fabricated by VBO
process with and without vacuum atmosphere and
compared with finite element analysis due to negligible
voids in laminate. The surface and through-thickness
voids were investigated by digital microscope and X-ray
micro-CT, respectively. The cost analysis was performed,
and the break-even point was determined to investigate
the economic alternatives between autoclave, industrial

curing oven, and commercial toaster oven.

Il. PREPARATION OF THE CFRP LAMINATE USING
A COMMERICAL TOASTER OVEN

A. Toaster Oven Setup

A 290 x 460 x 280 mm’ commercial toaster oven
(Model No. OTTO TO-765, OTTO Kingglass Co. Ltd.,
Thailand); Figure 1a), was used to cure the CFRP
laminate. The direction of heat flow in the oven was
adjusted to flow from the top and bottom of the oven
(Figure 1a), allowing the middle section of the oven to
be maintained at an average temperature that was roughly
equivalent to the set temperature. A temperature
sensor was placed in the middle of the oven before

fabrication to monitor the temperature in this section



of the oven (Figure 1b). The temperature of the oven
was set to 120°C, while the timer was set to 50 mins.
An alarm went off once the temperature in the oven
reached 120°C. It was found that the oven took 40 mins
to reach 120°C from the room temperature (22°C),
indicating that the commercial toaster oven had a
heating rate of 2.5°C/min, which falls within the range
of heating ramp rates recommended for curing as

indicated by the manufacturer [17].

120°C

|l Heat flow
direction

Timer

Figure 1: Equipment used for the VBO process used in this

study: (a) Toaster oven and (b) temperature sensor.

B. Fabrication Procedures

A 200 ¢/m” 2 x 2 plain weave of carbon fiber prepreg
consisting of 58 vol.% carbon fiber (Tenax HTA-3k) and
42 vol.% epoxy resin (DT806R; DeltaPreg, Italy) was
used to fabricate a 120 x 240 mm? CFRP laminate with
a stacking sequence of [0/90/0/90]. The non-vacuum
specimen was used to investigate the maximum void
content that could be obtained when the specimen
was cured using a commercial toaster oven. The VBO
accessories used in the experimental setup consisted
of a release film, breather, vacuum bagging film, and
carbon fiber laminate; these were arranged in order as
shown in Figure 2a. The bagging film was then attached
using sealant tape. For the specimen cured under
vacuum, the apparatus was directly connected to the
vacuum pump using a vacuum connector. Once the
vacuum pressure (-1 bar) was reached, the vacuum
pump was allowed to run continuously for 1 min
before being turned off. This process was repeated 1-
3 times until no additional air leakage was observed.

The air leakage can be observed by the return of the
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needle in pressure gage to atmospheric pressure. The
carbon fiber laminate was cured at 120°C for 50
minutes, followed by cooling at room temperature. It
was found that the final CFRP laminate product had a
nominal thickness of 1 mm as shown in Figure 2b. The
fabrication procedures used for the non-vacuum
specimen were the same as the methods described

above except that the vacuum pump was not used.

(a)

Pressure gage

1 .
,Bagging film greather Vacuum

pump

Vacuum
connector

Sealant tape

CFRP laminate

Aluminum plate mold

(b)

>

120 mm

Figure 2: The fabrication process of the CFRP laminates:
(a) schematic diagram of the VBO process used for the vacuum
specimens; (b) an image of the final CFRP laminate cured under

vacuum conditions.

IIl. FINITE ELEMENT (FE) MODELLING

Finite element analysis (FEA) typically neglects the
presence of voids in CFRP specimens. Consequently,
the results of a FEA should give an upper bound of the
mechanical performance of the CFRP specimens. This
study used the ANSYS Composite PrepPost (ACP)
module in the ANSYS finite element software to model
the CFRP specimens. Figures 3a and 3b illustrate the
boundary conditions of the tensile and three-point
bending tests, respectively. In the tensile test, one side
of the CFRP was clamped. The other side of the
specimen was used to exert tension along the y-axis by
the applied displacement 49, In the three-point
bending test, no translation was allowed along the x-,
y-, and z-axes in the left support, while no translation

was allowed along the y- and z-axes in the right
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support. The displacement, AJ,, pointed in opposite
direction to the y-axis at the middle of the specimen
(i.e., at a distance of Ly/2) to perform three-point bending
test. In both mechanical tests, the displacement was
increased until the CFRP laminate failed under the Tsai-
Wu failure criteria. The element size used in the FE
model of the tensile and three-point bending tests was
2 mm, resulting in 726 elements and 854 nodes. The
material constants of the carbon fiber prepreg (Tenax
HTA-3k DT806R) used in the FE model are presented in
Table 2.

AS,

AD,
1«):'.;2 a|

240
130

Ly=40 —]
120

|_ No rotation and
[ translation

Figure 3: The boundary conditions for the FE model used to
simulate the mechanical tests of the CFRP laminates: (a) the
tensile test (ASTM D3039) and (b) the three-point bending test
(ASTM D790). All dimensions are in mm.

Table 2: Material constants of CFRP for FE modeling [17]

E. (GPa) 56.6 | Density (kg/m?) 1760
E, (GPa) 56.6 | G, (GPa) 3.5

E, (GPa) 56 | G, (GPa) 2.85
Vi 0.04 | G, (GPa) 2.85
vy 03 | Areal weight (g/m?) 200
Vi 0.3 Nominal thickness (mm) 0.25

IV. CHARACTERIZATION OF THE MATERIALS
A. Investigation of Surface Apperance and Through-
thickness Voids
The surface appearance of CFRP laminate was
examined at a 2000x magnification using a digital

microscope (BM-DM61, Ningbo Barride Optics Co., Ltd.,
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China). Since the table of the digital microscope was
too small to allow for the observation of the 120 x 240
mm CFRP laminate, each specimen was cut into six 12.5
x 240 mm pieces using an advanced composite plate
saw (EXTEC Labcut® 5000, Extec Corp, USA). These
smaller-sized specimens were also used in the tensile
tests (ASTM D3039 standard). The CFRP specimens were
scanned using an X-ray micro-CT (Skyscan, 1273, Bruker,
USA) to examine the properties of the through-
thickness voids. The specimen was scanned under 40
kV and 300 pA conditions with a 2 x 2 binning mode, 4
frames per projection, and a rotation step of 0.4°. The
scan resolution (voxel size) was set to 12.0 um. The X-
ray micro-CT system was then used to reconstruct the
3D image. Due to specimen size limitations, the CFRP
laminates were cut into 12.5 x 12.5 x 1.0 mm pieces
for X-ray micro-CT scanning to ensure a scanning
resolution of 12.0 um. The distribution of the through-
thickness voids in the CFRP laminates was found to be
non-uniform along the length of the specimen [26],
[27]. To ensure that the small portion of CFRP specimen
scanned by X-ray micro-CT in this study was sufficiently
representative of the void content of the entire sample,
the error (e) of the deviation of the void content
measured from smaller samples compared to the larger
sample was determined by the following equation

based on the work of Zhang et al. [28]:

P (1)

v

where, m [%] and v [%] represent the void content of
the small and large specimens, respectively.

While the width of the large sample was similar to
that of the small CFRP specimen scanned by X-ray
micro-CT, the length of the sample needed to be as
large as possible for CCD camera detection. Consequently,
the large sample cut from the CFRP laminate had
dimensions of 12.5 x 180 mm. The larger specimen was
scanned under the same conditions and resolutions

used for the small specimens. It should be noted that



only the large specimen fabricated under vacuum was
scanned as it was anticipated that the vacuum specimens
would have a lower void content compared to the non-
vacuum specimens, which was highly recommended

for practical uses.

Figure 4: The workflow used to analyze the area of the through-
thickness voids in the CFRP specimen using X-ray micro-CT
imaging: (a) The image is cropped to exclude surface voids;

(b) an appropriate threshold value is selected;
(c) the ‘Analyse Particles’ function is used to highlight the void

areas; (d) the area of voids in each slice is calculated.

B. An Analysis of Through Thickness Void Content Using
X-ray Micro-CT Imaging

The ImageJ software was used to analyze the void
content of the CFRP laminates in this study. All of the
image stacks were imported and changed to an 8-bit
image. Figure 4 presents the procedure used to analyze
the through-thickness voids of the CFRP specimen from
X-ray micro-CT images. First, the upper layer of each
image was cropped to exclude voids on the surface of
the specimens (Figure 4a). The voids created by air
bubbles are presented in a dark black color compared
to voids in the carbon fiber and matrix. Therefore,
threshold range of 0-60 was used to visualize the area
of the voids in the CFRP specimen and marked with the
red coloring in Figure d4b. The ‘Analyze Particles’ mode
was used to determine the area defined by this
threshold (Figure 4c). The total void area in each slice,
Ao siicess Was determined and multiplied by the

thickness of each slice, t ., which was equal to the
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scanning resolution. The void content of the specimen,

Vioid siice» cOULd then be determined as follows:

— Avaidismy'ace x tslice x 100%

total

2

void _slice

where V., [mm?] is the total volume of the specimen,

which can be determined by:
V =A xN_, Xt

total crop slice slice

(3)
where A., [mm?] and N, [-] are the cropped area of

each slice and the total number of slices, respectively.

C. Mechanical Tests

The mechanical tensile and flexural tests were
conducted based on ASTM D3039/D3039M-00 and
ASTM D790-03 standards, respectively [29], [30]. A
universal testing machine (Zwick Roell, Z100SH,
Germany) was used to perform tensile and flexural
tests in three-point bending mode. Five 12.5 x 240 mm
CFRP specimens with a gauge length of 130 mm were
used in the tensile test with 0.01 min™" strain rate. The
ultimate tensile strength and tensile modulus were
evaluated based on stress-strain curves. The percentage
of elongation, %EL, was determined using Equation (4):

-1,

%EL = [ jx 100% @)

0

where £ is the gauge length of specimen under tension

[mm] and lo is the original gauge length of specimens
[mm]. The ultimate tensile strength, tensile modulus,
and percentage of elongation at break of both vacuum
and non-vacuum specimens were plotted and
compared with the FE results. 125 x 120 mm
specimens with a 32 mm span length, L, were used for
the three-point bending test; these samples were
tested at a strain rate of 0.01 min". Since the size of
the specimens used in the three-point bending test was
smaller than that of the specimens used in the tensile

tests, a total of six samples from each group were
tested. The flexural modulus (£, flexural strength (G,

and flexural strain (&) were plotted and compared with
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the FE results. The flexural modulus, flexural strength,
and flexural strain of CFRP laminate were determined

using Equations (5), (6), and (7) respectively.

— LiFmax (5)
T4b’ (AS,,)
3F L
o, = (6)
" 2bd?
, :6(A5m)d -
f LZ

s

Here, Frow A0, b, h, and d represent the maximum
force [N], maximum deflection [mm], width [mm],
height [mm], and thickness [mm] of the CFRP beam,

respectively.

V. COST ANALYSIS

The cost analysis was performed to identify that the
commercial toaster oven used in VBO process is
economical option to cure CFRP laminate compared
with industrial-grade composite curing oven via the
similar process and autoclave. The specification of the
ovens and the cost data including the oven price and
the electric consumption generated during each curing
process were listed in Table 3. Due to the different size
of three curing oven, we developed the definition of
maximum production capacity of each oven to
compare the production capacity in the similar scale.
The maximum production capacity of each oven was
defined as the ratio of the maximum size of CFRP
laminate per one batch of production by the oven to
the maximum achievable size of CFRP laminates
produced by commercial toaster oven.

The electric consumption of the oven per one time
of production, E,., (kW-h), can be determined as
follows:

E =P xt

oven oven

(8)

where, P,,., and t.,;, are electric power of the oven

curing

[kW] and total curing time of CFRP laminate [h],

respectively.

28

Table 3: Specification and cost data of the ovens

Thermal convection
Autoclave ovens for VBO process
oven* Industrial Toaster
grade** Oven
Internal 1,070x430 300x300
500x1,000
dimensions [mm] x500 x250
Weight [ke] 1,760 85 8
Total curing
600 480 100
time/parts [min]
Power supply [V] 220 230 220
Poven [kW] 25 22 15
Laminates size
760x420 740x370 240x120
[mm]
Production
capacity / batch 11 9 1
[piece]
Eoven [kW-h] 250 17.6 2.5
C: [9) 28.72 1.56 0.22
Coven [8] 17,500 2,713.32 114.28

*Model NO. SN-CGF0510, Changzhou Sinomac Machinery Technology
Co., Ltd., China
**Model NO. OV301, Easy Composites Ltd., United Kingdom

The electricity cost generated from the curing
process, Cg [$], can be determined by multiplying the
electric consumption of the oven per one time of
production and the energy charge rate per one unit of
electricity appliance, C,.; [$/kW-h]. Thus, it can be
written as follows:

C, = 9)

According to the electricity tariffs in Thailand [31],

Eoven x Cunit
for small business service, the rate of charge of the
electric appliances are lower than 22 kV for first using
of 0-150 kW-h and the next step of using of 151-400
KW-h is 0.08 $/kW:h and 0.11 $/kW-h, respectively. The
businesses consuming the electricity more than 400
KW-h is charged with the fix rate of 0.12 $/kW:h.

The breakeven analysis was conducted to investigate
the economical option between industrial curing and

commercial toaster ovens. The oven cost was set as a



fixed cost and the electricity cost per one time of
production was considered as variable cost. Thus, the

total cost of the oven, C; 4, Can be written as follows:

(10)

Toasteroven:x =1,2,3,....n
C, ) X n
Toven = Zover =) Industrial oven : x = 5

where, C,,., [$] and C¢ [$] represent the oven cost and
the electricity cost generated from the curing process
by the ovens, respectively. x is the number of CFRP
laminate produced by the ovens. For the commercial
toaster oven, x is integer, which can be counted from
1, 2, 3, ..., to n pieces of laminate. For the industrial-
grade composite curing oven, the electricity cost per
one time of production remained constant regardless
of the size and the number of CFRP laminate, therefore,
x is limited by the maximum production, which was
nine times larger than commercial toaster oven. Hence,
to compare both ovens in the same scale of
production, x was set as the round up of the ratio of
the n pieces of laminate per one time of running the
oven to the maximum production capacity of industrial-

grade composite curing oven.

VI. RESULTS AND DISCUSSION
A. Surface Appearance and Through-thickness Voids of
CFRP Laminates
The surface appearance of representative locations
on the CFRP laminates was captured using a digital
microscope as shown in Figures. 5a and 5b for the non-

vacuum and vacuum specimens, respectively.

Figure 5: The surface appearance on the (a) non-vacuum

and (b) vacuum CFRP specimens.
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As expected, the sample cured under non-vacuum
conditions exhibited a significant number of voids
produced by air bubbles due to gas expansion as the
oven was heated. Accordingly, the surface porosities of
the non-vacuum specimen were observably higher
than that of the vacuum specimen. In addition, uncured
resin was observed at the cross-joint of the woven fiber
in the non-vacuum specimen; this was not observed in
the vacuum specimen. This suggests that a vacuum
pressure of -1 bar allows the resin to fill the caps
between the fiber tow in the cross-joint network of the
woven fiber prepreg even when utilizing a single cure
cycle at 120°C with a dwell time of 50 minutes.
Additional surface porosity generated by the presence
of uncured resin at the cross-joints of the plain weave
fiber is consistent with a previous study conducted by
Hyun et al. [32]. The differences in surface porosities
may influence the mechanical properties of the CFRP
specimens; however, these porosities can be easily
reduced or eliminated by grinding the sample using
sandpaper [33]. Consequently, the increased surface
porosities are typically treated as a minor problem
when it comes to quality control. In contrast, the
through-thickness voids in CFRP cannot be easily
eliminated and are much harder to detect compared
to surface porosity. Consequently, these voids are a
major cause of failure in CFRP materials.

The distribution of the through-thickness voids as
observed in the X-ray micro-CT 3D images extracted
using ImageJ in both the non-vacuum and vacuum
specimens are presented in Figures. 6a and 6b,
respectively. The error (e) of the deviation of the void
content in the small samples compared to the large
samples was 0.53% at a scanning resolution of 12.0 um.
as calculated according to Equation (1). This indicates
that the distribution of voids inside the sub-representative
samples is uniform and sufficient to explain the

distribution of void of the entire laminates The void
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content in the non-vacuum and vacuum specimens
was found to be 10.78 £ 0.001% and 0.297 £ 0.007%,
respectively. The void content of the vacuum specimen
was 96.95% less than that of the non-vacuum
specimen, indicating that curing the specimens on the
vacuum greatly reduced an amount of through-
thickness voids in the samples. Furthermore, according
to the Purslow’s chart [34], the void content of the
vacuum specimen would classify it under Grade B (very
good quality), while the void content of the non-
vacuum specimen would cause it to be classified as
Grade F (very poor quality). These results show that
high-quality CFRP specimens can be fabricated using a
single cure cycle in a commercial toaster oven. The
formation of through-thickness wvoids in the VBO
process is generally due to one of two processes: 1) the
insufficient impregnation of fibers before gelation,
known as “flow-induced voids”; and 2) the presence of
entrapped air, moisture, or resin volatiles, known as

“gas-induced voids” [26].

- 12.50 -

Figure 6: The distribution of through-thickness voids in a 3d
view extracted from the X-ray micro-CT images using ImageJ:

(a) non-vacuum specimens and (b) vacuum specimens.

Centea and Hubert reported that the vacuum
pressures assisted with the evacuation of air, resulting
in the reduction of gas-induced voids when subjected

vacuum conditions at ambient temperatures [35].
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As the temperature increases, the resin begins to flow,
filling in the dry regions of the fiber tows, leading to a
decrease in the number of flow-induced voids.
Therefore, the surface appearance of CFRP in Figure 5
suggests that the VBO process conducted under
vacuum conditions (-1 bar) was sufficient to suppress
the formation of flow-induced voids but not gas-
induced voids. This can be clearly seen by the absence
of uncured resin in the cross-joints of the fiber as well
as the lower surface porosities observed in the vacuum
specimens (Figure 5b). The single cure cycle, conducted
by heating the oven from room temperature to 120°C
at a ramp rate of 2.5°C/min followed by 50 minutes of
isothermal holding, improved the flow of resin through
the dry area of the fiber tow. Thus, CFRP laminates

could be achieved in a commercial toaster oven using

a single cure cycle within short duration.

B. Mechanical Properties of the CFRP Specimen

To quantitatively assess the mechanical performance
of CFRP laminates cured using a single cure cycle in a
commercial toaster oven, the upper bounds of the
following mechanical properties were determined using
the results of a finite element model in which the
presence of voids in the CFRP laminate was neglected.
The von Mises stress distribution of the CFRP specimens
under tension and three-point bending load as obtained
from the results of the finite element modeling are
presented in Figures. 7a and 7b, respectively. These
results were compared to the mechanical properties of
the CFRP vacuum specimens as obtained from tensile
and three-point bending tests (Figures. 7c and 7d,

respectively).
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Figure 7: Stress distribution by FEA: (a) under tension; (b) under
three-point bending. The fractured specimens obtained after

() the tensile test and (d) the three-point bending test.

Figure 7a shows that the CFRP laminate was capable
of withstanding a maximum stress of 424.28-495.00
MPa (yellow contour) at the gauge length before the
specimen failed under the Tsai-Wu criteria. This suggests
that, theoretically, fractures should occur around the
gauge length. Experimentally, it was found that vacuum
specimens #2 and #4 failed at the gauge length,
consistent with the results of the simulation, while the
other samples failed near the grips. Figure 7b shows

that the middle of the CFRP beam (the location of the
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load) was subjected to a maximum stress ranging from
615.64-692.59 MPa (red contour) before it failed under
Tsai-Wu criteria. In the three-point bending test, three
vacuum specimens (specimens #2, #3 and #6) ruptured
in the middle of the beam, while the other three
specimens (specimens #1, #4 and #5) failed on the
outer surface of the middle of the beam without
breaking into two parts (Figure 7d). All six vacuum
specimens subjected to the three-point bending test
failed at the point of loading (mid-span), consistent with
the location of the greatest accumulated stress (red
contour) as predicted by the finite element model
(Figure 7b). The average value of the bending angle (°)
at failure, which calculated from specimens which
failed on the outer surface as shown in Figure 7d was
found to be 10.56°.

Table 4 summarizes the mechanical properties, void
content and part quality based on Purslow’s chart of
CFRP laminates under tension and flexural loading in
three cases: Vacuum, non-vacuum and FE analysis. Full
detial of stress-strain curves CFRP under tensile and
three-point bending tests are depicted in Figures. 8a
and 8b, respectively. Values are plotted in mean + SD,

calculated from six replications.

Table 4: Mechanical properties, void content and part quality of CFRP laminates: Vacuum, non-vacuum and FE analysis

Properties Vacuum Non-vacuum FE model
Through-thickness void [%] 0.297 + 0.007 10.78 + 0.001 N/A
Tensile modulus [GPa] 4191 +0.19 35.98 + 1.65 42.13
Tensile strength [MPa] 451.02 + 11.78 344.04 + 37.00 473.49
Elongation [%] 1.10 £ 0.03 0.90 + 0.10 1.12
Flexural modulus [GPa] 42.26 + 1.46 31.10 + 2.13 35.82
Flexural strength [MPa] 767.61 + 19.43 363.89 + 26.18 734.16
Deformation [%] 1.8+ 194 095 +0.14 2.05
Achievable thickness [mm] 0.97 + 0.01 1.15 + 0.01 1

B F
Part quality based on Purslow’s chart Ideal case
(very good quality) (very poor quality)
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CFRP specimens under tensile test
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Figure 8: Stress-strain curves of CFRP laminates under (a) tensile and (b) three-point bending tests.

Values presented are the average along with error bars determined from the standard deviation (SD) of six replications.

Figure 8a shows the good agreement, 4.8% difference,
between stress-strain curves of vacuum specimen
(dashed purple line), and FE simulation result (red line
with triangle). It is obvious that the stress-strain curve
of vacuum CFRP is in good agreement with FE results,
indicating that proposed single curing cycle in
commercial toaster oven can achieve the maximum
performance under tension.

On the other hand, non-vacuum CFRP specimen
(black line) exhibited the lowest Young’s modulus,
35.98 GPa, and tensile strength, 344.04 MPa. The non-
vacuum CFRP samples—which had the highest void
contents—exhibited a 27.38% and 14.90% decrease in
ultimate tensile strength and tensile modulus compared
to the FEM results, respectively. These results suggest
that, in the context of tensional loading, CFRP specimens
prepared under vacuum and cured using a single cure
cycle in a commercial toaster oven can achieve
mechanical properties that are close to the maximum
theoretical mechanical performance.

Figure 8b shows the stress-strain curve of vacuum
(dashed purple line), non-vacuum (black line), and FE
results (red line with a triangle) of CFRP laminates under

a three-point bending test. Despite the close value of

flexural modulus of the non-vacuum specimen and
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simulation result, the non-vacuum specimen broke at
0.95% flexural strain and achieved 363.89 MPa of
flexural strength. The flexural strength and percentage
of deformation of CFRP under three-point bending
obtained from FE results was higher than in non-
vacuum specimenss. Regarding Table 4, flexural strength
and deformation of simulation result were less than
12.12% difference compared to the vacuum specimen.
When the specimens were under flexural test, both
compression and tension load occurred, and most of
them fractured at the tension load side. Figure 7d
showed the fracture pattern of CFRP laminate under
flexural loading, indicating the fracture along the tension
side. Thus, it can be implied that non-vacuum CFRP
specimens failed at the tension side, resulting in the
lowest flexural strength and strain. One of the major
factors influencing the flexural strength and modulus is
the presence of voids. The rapid decrease in flexural
strength of unidirectional CFRP laminates as the void
content of the material increased was previously
reported by Liu et al. [13]. It is thus important to note
the flexural strength of the CFRP laminates was
considered more sensitive to the presence of voids

than other similar mechanical properties.



C. Cost Estimation and Breakeven Analysis for
Manufacturing CFRP Using Commercial Toaster Oven
In the case of fabrication of CFRP laminate with
similar size, the electricity cost per piece of CFRP
laminate generated by autoclave was the highest,
2.615/piece, whereas, the commercial toaster and
industrial-grade composite curing ovens exhibited
0.225/piece and 0.17%/piece, respectively. The cost per
piece of CFRP was the highest in autoclave process;
however, the electricity cost per piece of CFRP laminate
produced by commercial toaster oven in one time of
operation was higher than that industrial-grade of
composite curing ovens. To strategically compare type
of oven, a break-even analysis is conducted. Here, a
common variable for the analysis is the number of
production quantities, and the dependent variable is
the total cost of each alternative. The result of the
break-even analysis is illustrated in Figure 9. The total
cost of commercial toaster oven and industrial-grade
composite curing oven are represented by the green
line and the purple line, respectively. The break-even
point occurs at a production quantity of 54,035 pieces.
Consequently, if the demand for the CFRP laminate is
greater than 54,035 pieces, the industrial-grade

composite curing oven should be selected for VBO

process since the total cost is lower.

14000

Industrial-grade compasite curing oven
Commercial toaster oven

A

12000
10000
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Figure 9: The total cost of the commercial toaster oven and

industrial-grade composite curing oven.
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In case industrial-grade composite curing and commercial
toaster ovens are supposed to be used to fabricate
similar sizes of CFRP parts using VBO process, the
commercial toaster oven is more economical than the
industrial-grade composite curing oven when a moderate
production capacity is required. Furthermore, the
required space for the installation of a commercial
toaster oven is small as its size is compact. Hence, the
commercial toaster oven used to cure CFRP laminate
via VBO process is adequate in terms of high-quality
CFRP laminate production and cost-effective solution
for the small-scale companies, which have moderate
production capacity and space for an installation is

limited.

VII. LIMITATION OF THE STUDY

The results in this study are discussed based on the
23-litre size of commercial toaster ovens or smaller in
which their functions are simple to operate and they
can be easily found at department stores at affordable
prices. However, various classifications of commercial
toaster ovens that have more functions with larger sizes
than the one used in this study. Therefore, the mechanical
properties of CFRP and cost analysis in this study may
not apply to the large-scale CFRP laminate and production
capacity. Besides, the single-step curing proposed in
this study can be applied up to four to eight plie, 2-3
mm CFRP thickness. The curing conditions of single-step
curing should be further investigated for the greater

CFRP thickness.

VIIl. CONCLUSION
This study has successfully demonstrated that CFRP
laminates with good mechanical properties and low
void contents can be fabricated using a VBO process
with a single cure cycle in a commercial toaster oven,
providing an alternative, cost-effective manufacturing

CFRP laminates for small entrepreneurs. The cost analysis
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is carried out to investigate the cost-effective point of
using a commercial toaster oven compared with using
an industrial-grade composite curing oven in VBO and
autoclave processes. A FE model, which neglected the
presence of voids, was used to estimate the maximum
theoretical mechanical performance of the CFRP
laminates. The results of this study can be summarized
as follows:

(i) X-ray micro-CT 3D images revealed that the
through-thickness void contents of the vacuum and
non-vacuum specimens were 0.28% and 10.78%,
respectively. Thus, according to Purslow’s chart, the
specimen prepared under vacuum conditions could be
classified as Grade B (very good quality), while the non-
vacuum specimen could only be classified as Grade F
(very poor quality).

(i) The average tensile strength, modulus and
percent elongation at break of CFRP specimens prepared
under vacuum were 451.02 MPa, 41.90 GPa, and 1.10%,
respectively; these values were approximately 4.8%
less than the FE simulation results. In contrast, the non-
vacuum specimen exhibited an average tensile strength,
tensile modulus, and percent elongation at break of
344 MPa, 35.98 GPa, and 0.99%. This suggests that the
presence of voids in CFRP laminates can reduce tensile
strength  and modulus by 27.38% and 14.90%,
respectively. Thus, in the context of tensional loading,
specimens prepared under vacuum using a VBO
process with a single cure cycle in a commercial toaster
oven can produce CFRP laminates with high mechanical
performances. On the other hand, higsh void content
presenced in non-vacuum specimen gradually deceased
52.59% of flexural strength compared to vacuum
specimen and simulation results. Non-vaccum specimen
fractured at 0.95% deflection whereas vacuum specimen

and simulation results broke at 1.8% and 2.05%,

respectively. This indicates that the flexural strength of
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the CFRP laminates was extremely sensitive to even small
void contents, correspoinding to published work [13].
(iii) The single-step cure cycle in commercial toaster
oven allows for curing time of less than 100 minutes,
which is almost 10 times less than the total curing time
of multiple-step cure cycle operated by an autoclave
and an industrial-grade composite curing oven in VBO
process. Therefore, the energy consumption for total
cure cycle using commercial toaster oven is the lowest,
2.5 kW-h. The break-even analysis disclosed that the
commercial toaster oven would be economical option
for a moderate capacity of production, 54,000 pieces,
when the similar size of samples was considered.
Consequently, the commercial toaster oven is
recommended for implementation in VBO process for
a small business that demands moderate production
capacity and high-quality CFRP laminates. Additionally,
the commercial toaster oven is installed easily in a
limited space due to compact size, making it logistically

convenient for many users
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Abstract

The planning of construction site layouts is a critical challenge in construction projects, requiring the allocation
of suitable positions for temporary facilities and material storage areas within project boundaries and at appropriate
time intervals. Failure to do so can result in significant losses and repercussions. This study aims to develop a
construction site layout model by identifying optimal position for tower cranes and construction material storage
area that are both feasible and efficient, presented in a format that mirrors reality. The methodology extends
beyond merely considering the distance of material movement during construction activities. It aligns time intervals
with project scheduling to reduce costs related to crane rental, transportation, storage facilities, material shortages,
and opportunity costs. The application of a genetic algorithm is employed to discover the best solutions for
positioning tower cranes and storage areas. This approach offers the advantage of approximating the best possible
solution and revealing trends in improved solutions. The methodology has been applied to a case study project,
illustrating that the development of construction site layouts by identifying optimal positions for tower cranes and
construction material storage areas can significantly reduce material movement distances, resulting in reduced

time and costs.

Keywords: Construction safety, Construction site layout optimal tower cranes position, Logistics, Site design and

planning
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Crane point
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3.3) Installation Point
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3.4) Tower Crane Location
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3.5) Stock Location
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VA%t ATU Tower Crane £Vl Potain Su E2/188
a1ugaledatu 35 wes aueiauau 45 wes
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Crane Load Chart (Potain: Model E2/18B)
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31]171' 3 : Crane Load Chart (Potain: Model E2/18B)

3.6) @13NUIINNITIanYeIIAI85tATY (Crane Load
Chart (Potain: Model E2/18B)
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ANUINRIN E‘Uﬁ 3: Crane Load Chart (Potain: Model
E2/18B)
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3.8) Uszvnslugu (Populations for a Generation)
Mmueduudmeuluudaziu 100 Aneu luusazsu
whaAAmoUTIINIL 1 ¢ (1 parents) 728735 Roulette wheel

WiauUFUUTIAMaUMETS Crossover Wag Mutation

3.9) M7UNIAIMLY (Iterations)

Mmun 1000 Ju
3.10) AIIITLEENNTINANAFDNEHINITANG

3.11) UATILVUALIUTIUTIEUNIAIA NI aUTIGAYEN

SN NTINDINARDNEINITANGI (Total Distance)

M9 5 1 ANANINNEANTIAAYEINTIUMAIRBY (iteration) ved

NINDTATUAIINENINYU 45 LURT

Improve Iteration Solution ID Total Distance
1 1 1 54,969.46
2 1 6 33,792.98
3 1 11 28,847.99
4 1 62 27,667.80
5 2 127 25,267.32
6 2 147 22,665.44
7 5 422 21,529.77
8 8 744 20,651.44
9 9 866 19,978.63
10 17 1,676 18,680.88
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Solution Improvement
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M5 6 1 ANANUMNZANTIAAYDINTIUMANBY (iteration)

YDINUIDIIATUAIINETILUY 40 LIRS

Improve | Iteration Solution ID Total Distance
1 1 1 54,969.46
2 1 37 20,913.51
3 3 300 20,866.76
a4 a4 360 20,628.49
5 7 633 20,004.75
6 148 14,763 18,803.38
7 298 29,730 18,680.88
Solution Improvement
54,969.46
60,000.00
o 5000000
§ 40,000.00
8 30,000.00 Q1351 20,8676 20,628.49 20,0005 1580338 18,680.88
T 2000000
2

10,000.00
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JUN 7 : n9mlAanumsngauignuesn1siumAnev (iteration)

YDININOIATUAINE NIV 40 LUAT




Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

M5 7 1 ANANINNEANTIAYEINNTIUNARBY (iteration)

YDININOIATUAINI NIV 35 LUAT

improve Iteration Solution ID Total Distance
1 1 1 54,969.46
2 1 4 30,296.24
3 1 24 20,459.06
4 2 121 20,216.78
5 2 190 20,170.56
6 3 242 18,680.88
Solution Improverment
60,000.00 54,969.6
.
50,000.00
g 9000000
£ 3029620
é N ,459.06 20,216.78 20,170.56
g 18,680.88
2 20,000.00 e S

0 1 2 3 a 5 6 T

Improve

JUT 8 : ATWiAAUMINEALTIgAYRINITIUMAINDU (iteration)

YDINIDIIATUAIINETILUY 35 LURT

A998 1 ANANIIMNYALTIAYBINTITINAMBU (results distance)

YBINTINBSLATULAAL Y

Results Distance (m.)

improve Crane @45 Crane @40 Crane @35
1 54,969.46 54,969.46 54,969.46
2 33,792.98 20,913.51 30,296.24
3 28,847.99 20,866.76 20,459.06
4 27,667.80 20,628.49 20,216.78
5 25,267.32 20,004.75 20,170.56
6 22,665.44 18,803.38 18,680.88
7 21,529.77 18,680.88 -
8 20,651.44 - -
9 19,978.63 - -
10 18,680.88 - -
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GA Random -
Distance @45 | 18.68 54.97 66.02
Day @45 19.46 57.26 66.02
Cost @45 23.35 68.71 66.02
Distance @40 | 18.68 54.97 66.02
Day @40 31.13 91.62 66.02
Cost @40 18.68 54.97 66.02
Distance @35 | 18.68 54.97 66.02
Day @35 19.46 57.26 66.02
Cost @35 23.35 68.71 66.02
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1 2 3 4 5 6 7 8 9 10‘11‘12 13|14 (15|16 |17 |18 | 19 | 20

0 : GA Best Crane Location . : GA Crane Location l:l : Crane Location
€29 : GA Best Stock Location @ :GAstocklocation [ | :Stock Location
. : Installation Point : Installation Point
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SOLUTION IMPROVEMENT

M Random HGA
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DAY @35 m 57.26 (Day)
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DISTANCE @40 | 54.97 k (m.)
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57.26 (D
DAY @45 | 5726 (0ay)
DISTANCE @45 w 54.97 k (m.)
0.00 20.00 40.00 60.00 80.00 100.00
RESULTS PERCENT
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Abstract

Focuses on reducing waste in the plastic injection molding process by using the Design of Experiments (DOE)
technique. Preliminary studies found that the oil level checking devices did not meet production specifications
due to the plastic solidifying before completely filling the mold. This issue arose from unstable machine conditions,
including injection pressure (P) in kilograms per square centimeter (kg/cm?), injection time (T) in seconds, and
injection speed (S) in millimeters per second (mm/s). To identify the optimal parameters, the central composite
design method was employed. The experimental parameters used were: injection pressure (P) at 966, 1000, 1050,
1100, and 1134 kg/cm?; injection time (T) at 17, 20, 25, 30, and 33 seconds; and injection speed (S) at 13, 15, 18,
20, and 22 mm/s. The optimal parameters determined were an injection pressure (P) of 1022 kg/cm?, injection
time (T) of 32 seconds, and injection speed (S) of 17 mm/s. Applying these optimal parameters in actual production
resulted in a reduction of waste from 2.27% to 1.68%, and the cost per unit decreased from 5 baht per piece to

4.27 baht per piece.

Keywords: Central composite design (CCD), Defect reduction, Plastic injection
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Abstract

Data from each community comprises various categories, influenced by factors such as community condition,
climate, lifestyle, culture, local cuisine, plant types, and businesses. Most of this data has not been stored digitally.
Analyzing data from individual communities, sub-districts, provinces, and on a national scale can be delayed and
incomplete. Some of the data that was previously stored digitally are in separate, scattered, and unconnected
storage systems. As a result, managing this data collectively is challenging. This study proposes the design and
development of a community data platform for analytics and management planning. The platform supports storing
diverse data types such as text, numbers, locations, dates, times, images, and documents. It can link data from
other existing systems through defined APIs and stores raw data on Google Firebase Firestore, files on Google Cloud
Storage, and data for quick retrieval on Elasticsearch. Furthermore, the platform includes the design and
development of applications to record various data categories for each community. It supports the automatic
creation of data structures for each data category to make data collection by community members more
convenient. The design and development of this multi-data management system allow for flexible gathering of

different types of data from each community. As a result, it can be used to address problems and develop cities

as desired.

Keywords: Big data management, Data analytics, Data collection, Data platform, Diversity data
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Foyaifeatuualdisnisiaeiu lne3snsdaiudeya
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ponfinned JyuiinuAedeyaiaiudrdeuuazlyl
aenndesty dwalidsldanunsaidenloadoyariiedudy
wazihaldlunisnauauuimsinnsllemsesusula 3
falanudiosnisiedesiledmiuifiuteyaninumannuany
yeausazyuyy WeduAusIwAuLarwIUsEYnAdIMy
naiauedldegnaivszdnsam [7] Tnensiiusiusi
Joyalunainuaigsu Wi Aun1sinens dgideeenuuuy
wagiaulszuuiiuteyadiiunisinensvuining tag
FITTRYANNNALUNAS LU uwesilag 9 gunsal
syysnuna 1a3ealenanisineng ¥19U7 uazgIRaIIL
manwns iy Sstoyaiildinanvansiindeya fvue
Tng) warflanududou Sfsdoyaiiilnseaiisuazly

1%

lassasns Falaidengudeyauuy

3

NoSQL 1uta3esilely
nsdnnsadsdeya (data warehouse) Losanannsaui
Toyalddangu waverudeudoyaliogresinsa (8], [9]
HrglidvAudoyanazinundisuinsinnisaddoyala
ageliusgansnm Ineddldniseanuuulasiasedoyauay
nsidenlosmnuduiusseninafusnegidosmauane
Ldfiszuutieguieanuaraintunisdnitlassasiemis
Javivasgiudoya uaznisdvAudeninudnludestoud
viatarnuiiiinnumneasyinlvianusadududoyasenn
1# [10] wenanduninfiufeyadmuiunisunmglad

¥

foonuuusaziimuszuuinnmstoyaieniulsauzise Jad
Joyanananeyliavanilasaiuagliilasaing Ingld

o

ideyasnuaummannvainanewradafiusuiy
iiothuUszinanauazuansssauliyaainsgifeddos
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vdudadanuianatn esandsfostoutunde
uywduazdanddiimihilunisnsivasuaugnéiose
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duauiethteyalulduselevilalinseungu [11]
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sumsdenldszuuivtoyaniemadeiivanyay 141
Hoanuuunagiauszuvdmivimneinisuilaanigly
wniIngnde wedymanuilunisinszideyavuin
Tugjuugudoyaleduius (relational database) 314
vatuulunisuseuianawaznisAunideya 39laun
gudeyavila NosQL [9] udaiiudeyanisuiinauny
WU @1unsaUsEInanansAumdeyalaraauauadlal
nigudeyadeduiudilusgnann wagsesiunisuened

a

vostoyailueg ed [12] daumafianisduAuliilinadnsa
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gndesaenafely dfITeeanwuussuudmTunIsAUM
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1 = Ao’ o 3
aanseen wnansenwnliilunmanis Tegldnisiiv

=

N v
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nageumintdnrwnalunisdvdudeyaszlinadnsi
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#99N15AUM haziivateasanvinnisduausalilonasns

ARUEUBINAUN [13]

2) InguszasAveanuily
1. nseonuuukasiananinenssuvesssuuiaiy
foyannunainuatsresuiaz yuy §93095UN5AUN
Joyavunvglliedeinga
2. fléuteyaaunsaduduyateyaiiauls ileth
Tayan1unaINnanelUIAIITIRAZIIUHUNITUINIS

FansyusulaniuingUszasd

ad o a

3) AUy

Turdadazesuisdaniseenuuuuaginismaaoy
szuufiieadostuanaded Fwssneuluse antinenssy
yasruuinnsfeyanunainvans Taswasnnisiiudoya
sUsutlpssadienisiiuteya Auuana19velasIas
ToyausiarJULUU Waglsn1snaaeulsEavann
3.1) ag1UnegnssuvesszuUINNIsYoyanIIumaINmaly

mssamsteyanainuans Teliuinaannivegsaentia
Jndudesldunanesudmivuimsdanisdoyayuau
yualg FeldFumsoonuuuuagiinuniumnlaeyaains

Wenwganizan 1w densveya

e

nsdaivdeyasgrefivszdninim dududeseeniuy
fauslassaumafvoyaliinumnsauaonadesiu
ToyanaINTay SIUTINIINTIVAOUANNYNABIVRITRYA
wiglvideyaignimivannsniluldusslevilinndu s
Ieeanuuulastadavesszuvdafivioyaninunainwany
Jusn Fegui 1

11307 1 uanslassaiisvesssuudnnisdeyaning
va1nmas Falddmunisianisteyauazuianyd
fosmsdaiv lnsanunsaasnanardanisiasadisloyaniy
NUIANYMT8LATIAT19Y09YAAINUIINEIU Management
Console %ﬂLLﬁﬂLU?ﬂI*&Ju%aiﬂaﬁhu Management APl Lag
fusuansnisidniedoyariu Authentication Liteideusie
fiuduves Data Collection Schema dwsutiufinlassaing

v '
v =~ 1 = =

Joua Fdutazenlesiu Data Document Storage 15U

Y

a

\iudeyaiu uaz BLOB Storage dmsuiiudayalud tiu

Y

suam Uusiu

Data
Document

] -

User App
vufindoyaon

Storage
1fudoyadu

nsdisoo (Raw Data)

Authentication

(Search &
Analyze)

Search &
BLOB K
Analytics
Storage )
Engine s % s
ifusumw/iwa || ifudayadirsu 9
(Files) Aurilagrawn: B Dashboard
E
<

Gaaw/Aukidoya
(Monitor & Search)

[«

[ !

Management
Console

[ Management API ][ Application API ]

(—){ Data Collection Schema }(—)

asvKudaKIjdaya
K$olAsvasvsadiniy

1fiuTasvasvkudakLdoya (Data Schema)
na:nlavlasvaswaksunisAuKT (Custom Mapping)

UM 1 : lassasnesvuudnnisdeyannuvainvaiy



£ £%

Weadamuangdeyalieuesudl dd15iauazduiin

o =2

Tayalunrazyuvy au1satuiinuazdnnisteyaleniu

¥ '

User App Fawandsudoyarniu Application APl uag

Y

A o

fuduansnisiinfedoyariu Authentication Liteideusio
U Data Collection Schema tioynlassasnsdoyaves
mnanyiiinssuiinuuansas feduiidousedy Data
Document Storage g BLOB Storage Lﬁlaﬁﬁagaammz
Tndduiusiutnduluuaniuauy User App

@7uv94 Data Collection Schema LHudufivinntind
vivlasasisudaznuaavydeya (Data Schema) waz
\Wouleensidrfedoyaiudsdaivlu Data Document
Storage uawidanlosnsiindslnddoya Ssdnifulu BLOB
Storage yenaniu feiuinfiudasiaseadioudias
nuiangdeya Wulassadredmiunisduni (Custom
Mapping) Faldouludiuves Search & Analytics Engine

dlefimstiuiindoyadaldainnisdisiauds awnsa

AnmunieAunideyalatiu Dashboard Fauwaniudeu

CategorySchema

category : string
version : string
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ToyaH1u Analytics API livelinisgrudeyadmiunisAum
N39d7UY09 Search & Analytics Engine §498 11119
Uszalanan udon1uunves Custom Mapping kagin

naansnlanaulluananada Dashboard

3.2) yuuvvlassasinisifudeya (JSON Schema
Definition)
sUnuulassaismsiiuteyaiiaenadesiutazia
famgulunsuiuifiuvioandeyaifudsdfayosaddunis
sesduifuteyaifianumarnnanevidevananydeyalv 9
Faazgniiisdunlusuandnuinune lelviazaandens
famstoyanarnuansarnni Jldeonuuulassaiiausios
vanavyeya Fenedegunuulassainamiy JSON Schema
Definition flfeanuuusisgui 2 Inelassasrausiazmanms)
Toya wgnUuiinlaseaiielilu Data Collection Schema

Y
Fadudnmusznauniseylilugui 1

sections : DataSection[]
createdAt: TimestampMillis
updatedAt: TimestampMillis

o

( DataSection [0] ) DataSection [1]

DataSection [2] ( DataSection [...] )

title : string title : string
description: string description: string

title 1 string title 1 string
description: string description: string

metadata : Record<string, any> metadata : Record<string, any> metadata : Record<string, any> metadata : Record<string, any>
items : Dataltem[] items : Dataltem[] items : Dataltem[] items : Dataltem[]
g T
TextField
typ : text!
Dataltem [0] placeholder: string
id - . maxItems : number
1_‘:19 N :t:lzg emptyString: 'allow' | 'disallow' | 'strip’
i : i i .
—>| description: string striphull : boolean
metadata : Record<string, any> oA Teee T
data : DataFieldSpec [ ListItem [@] )
| title: string
value: string
Dataltem [11 NumberField B
id : string type : 'number ((Listiten [17 )
title : string pla;ihulderE str;ng | ——» title: string
> description: string ;?z ems : ::ﬁb:: value: string
metadata : Record<string, any> ma . number
data : DataFieldSpec X . u ——————
stripNull : boclean [ ListItem [2] )
5 title: string
Dataltem [ ] value: string
—= RadioField S
id : string . —_—
title : string type ¢ 'radio (ListItem [...1)
description: string ‘allﬁwnther 'E[_’Gii:"m[] » title: string
metadata : Record<string, any> 1‘? 51 i Listlte value: string
data : DataFieldSpec defaultitem: string

\

g‘dﬁ 2 : JSON Data Definition
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91307 2 uanslnssairedeyaluguiuy JSON JSON
Schema Definition) #4l4Uszneunisadiamsnamnydnsy
nsiiudeya (CategorySchema) FaUsznaudae 5 ade
(Fields) fi

1. category SzysWiavesvsavydeya
. version J¥yLaTiuvemIIAvytaya

. createdAt SEUNATINIAVYTayagnaT 1YY

Y UERRET)

A W N

. updatedAt iz‘qnmﬁwmwaﬂ'i@aﬂagﬂLLr’flsu&hqm

5. sections tJus18A15U84 DataSection %d%ﬁﬁmﬂu
dudald

DataSection Usznaulusae 4 Fields fal)

1. title izuﬁiaﬂuaq section

o

2. description 5¥UA85U8VD4 section

3

o 1%

3. metadata dwiuszyteyafiufunusesnis
4. iterns 1518715984 Dataltem FsazoFurslugiu
dnld
Dataltem Usgnaulusne 5 Fields fsil
1. id ¢ys¥ave3 Dataltem
2. title 'ﬁsu%maa Dataltem
3. description S¥UA185U8Y89 Dataltem
4. metadata dmiuszytoyaiisnAunudonis
5. data \Jus189n15909 DataFieldSpec Feavesunelu
dudnly
DataFieldSpec fie vlinvestoyaidniiu deenanas
Tdlunissryriinvesteyawds deldlunisnsisasuaiy
gndesvesdayasiy (validation) laglutagduliesnuuy
Iisessudoya 11 in vinvestoyaiived
1. Text Field tiudoyaiiidudonnu
. Number Field Wiudayaidasiaan
. Date Field LAutoyaiufl

. Date and Time Field LﬁU'fJ'a;J”a UALATLIAN

a o a

. Geo Point Field iiudayafifin (avfin aasdyn)

U

'
=]

2

3

4. Time Field iudoyatian
5

6

7. Address Field Wiufeyaiiod

8. Drop Down Field ifiufoya 1 518013 nFudend

muuald
9. Radio Field Liutioya 1 18ms andaudeniiiivun

17 videsyytoyadu o s

60

10. Check Boxes Field iiudayaldnatadudenaind
muunld visesyytoyadu o Wisf

11. File Field wiudoyalwd wu Uunmw ludonans

3.3) ANmLANA19YeIlATIAT Ny aumaY JULUY
Tassaedoyausiazsuuuy deiinsdenldieioslono
wiadafilimiloudy deudwmarieuszansamlunisiafiy
wagAuMteya FevetiaueanuLanAeTEnInlasIaing
Foyausazguuuy fuiolud
3.3.1) lnseasedoyadesniuadlu Google Firestore
[2] Fsogluzuuuuves JSON Sufiaudangulunistiudin

Na o ¥

mnevydeyaniduiudeyaliviniuld Inenthnideyaus
avnnanyiinisdaudilassaialuaeingy Usenaulude
TnssasrsdoyadimivdaAudiniy Faszuuiinnsdaiu
Toyan1UFULUULD9 JSON Schema Definition éﬁ’agﬂ‘ﬁ 2
waglassadndeyadniuinnumney mawmmwgﬁgu 9
Tnsnsdatfivadlu Google Firestore [2] fafiugudoya
ila NoSQL [9] anunsatelunisiiudeyaldedsnngu
dmiudeyavanraiganu

3.3.2) lasvas19dayaguuuy Dynamic Mapping \Ju
Tasaairstoyail Elasticsearch [4] dawSouuazuasioya

= o v

Fagdanisgrudeyaly

[ I3

figpanisdmAvliuuusaludd
$ududoatinun Mappings [14] vaizi3uduasna index
[15] dmSuifiudeyanuinnysig 9 uiedidla DER
Elasticsearch [4] 3nn15Uszananalilnednlud®

v £ =

3.3.3) Insas1etoyadsldaru Thai Tokenizer [16] Uy
Tnseasredeyaiiiinunisnisdadlnegunvunisves
g1utioya Elasticsearch [4] Fsanunsassennislfnuldeinn
N13119UA Mappings [14] d@1uwa4 analyzer Ju thai e
Jaldanautinadasdmiuniwine Tnedwilalldden
wsommunauausf (properties) 13 Elasticsearch [4] 9
Famsilaednludia

3.3.4) lnseas19dagagUuuy Custom Mapping WJu
Tassairstoyadeldoanuuunazinmn dmdudaifivas
sdoya Elasticsearch [4] Ferilsfisuszansninlinas
Fuduliisnifuazgnisunndstu Tnedeyailldrunis

LUagI91ndau Data Collection Schema @ain1sA1%un



Bnsdadnwinelagly N-gram Tokenizer [17] JUWUY

N-gram2, 3 LaLF3

3.4) BmsvmaauUssansn I

iAdeil atuluivhdensduiuiedmietenny
Flavaniuun1maasdiullssuisulszansannng
AunivasiAazsuLuulaseasisdoya Jeudeindeonts
nngoveenfuaunsnaass fuwellil

3.4.1) n15M9a89 1 senuuuNLiieSeufisuain
gndeddanAfediuTEninelaseasadayawuy Dynamic
Mapping n151991u Thai Tokenizer [16] wazlasaasng
Joyasuuu Custom Mapping IAENTUIINNASNGIN
ATAURITIEAIUTETEAULY 1 816U 5 810U wag 10

1Y

drvuusn nedoyaiimnlinaassunanmuanvyiialy
Vioedu 1,952,571 519013 sﬁuﬂwmmmﬁagaﬁlﬁmmﬂ
11581579 7,431 drva Tudszmelne Tngddumiiazly
nageuUsznoulunie dn audn dnves dmgaralas in
nzans nzanelas Milne1 failn wasilnenn

3.4.2) mMnnaedil 2 sonwuudndieSeuiisuauisa
Tun1sAumdeyaseninelaseasiadoyauuy Dynamic
Mapping n151991u Thai Tokenizer [16] wazlaseasng
Yeyaguiuu Custom Mapping Inedoyaiitulinaass
mmﬂwmmmgﬁ‘n’luﬁmﬁu 1,952,571 57189015 ﬁati‘]u‘qm
Toyaferfuiunimaaesd 1 lngdAumiaglinaaey
Usznaulusie dulzsagua neins) avne Anwdes Lin
WNE USEIRA U995l dausy uxidowmadnn d1ame
UL

3.4.3) M59aadil 3 senuULLHeNAdaUUITATEAM
n5ld91u Autocomplete [18] Fadunisszydiidosnns
AUMTIaLAI9nYT 1agRoIn1stUSBULTIBUNAa NS T84
lassadrateyaiuu Dynamic Mapping N5ld3au Thai
Tokenizer [16] uazlassas1edayajuuuu Custom
Mapping lagdayaiirunlinaasaunanmuanyialy
Vioedu 1,952,571 518015 6?@Lﬁu‘qmﬂﬁagaLﬁaaﬁ’uﬁUﬂﬂs
VAaoafi 1 wazn1snaansdi 2 lnefdumifiayldnaasu
Usznaulume lu lue lues Tuesy luesiu ug ugt ugw

UL LD NS NSY NS¥D NI¥D NSEAU
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4) HANISYINADY

HAN1INAGRILATNANITIATIEUeYS Taudsatianisly
Nuszuuifudeyanunainvate Suaudldnunasnis
soesuresszuy dneandundwellil
4.1) HaNITIATILADINATTNAADY

4.1.1) #an153ATIERINNI TNAADNT 1 Fudunis
VAAOUAIINYNADIABAADITUNTOAINUUIUE1VBINATNS
ﬁlﬁmﬂm’:té’umﬁﬁwdwiﬂiﬂa%’m“ﬁaaﬂal,t.uv Dynamic
Mapping n151991u Thai Tokenizer [16] wazlaseasng
Yo3aguwuu Custom Mapping lAEKNANITNARDILAAIN
13797 1 915797 2 wazgui 3

1NHaN15MAaesluaI599 1 A157991 2 waznsa
Wisuiileusiagui 3 aguldinlaswaisteyatuy Dynamic
Mapping fauusiugiiiign drulassadadildom Thai
Tokenizer [16] wazlassas1auuyu Custom Mapping &
avuwsiuglndiestu usillofinnsansiufus uiunadng
fidunlduds Tassad1anuy Custom Mapping @11150

8 vy

dududeyaldnseunquuinnitdnassgunuvegrauiuld

U

FALau

A1519% 1 : AsLaug luNSALIAINA1SNAGaee 1

v Aanuusiugilunsiumednads
sUuuulassaiedoya
Top 1 Top 5 Top 10
Dynamic Mapping 0.86 0.87 0.87
Thai Tokenizer 0.94 0.95 0.95
Custom Mapping 0.91 0.89 0.96

Dynamic Mapping B Thai Tokenizer B Custom Mapping

0.96

0.95

0.95
0.94

0.89

2 I

Top 1 Top 5

Top 10

- A5 USeUsUAN LU LN SAUMIANIANINASNAGRA 1
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A5199 2 : UREENSTAULAIINNTNAaRIN 1

Surunadnsiidumle (s18n1s)

AfunI Dynamic Thai Custom

Mapping Tokenizer Mapping
én 969 8,620 192,700
fiudn 4,025 977,624 1,162,212
#nnaq 408 29,162 292,896
Hnzanelas 5,256 18,965 343,422
Hmzane 11 18,919 328,679
yranelas 0 9,601 147,294
ilnena 4,569 6,920 453,400
dhiln 2 9,734 267,326
Hnend 2 270 372,256

4.1.2) nan153e 1299900179807 2 Fudunis
nageuauslunIsAumieA1senInelasaisdeya
WUU Dynamic Mapping n151491U Thai Tokenizer [16]
warlassadredayaguuuy Custom Mapping laglafiansan
naansann1sAundu 1 d1duusn (Top 1) 5 a1euusn
(Top 5) wag 10 asutsn (Top 10) ?jammmmiusjwzaauj
NI 0 B9 1 mmia@wamsmaaqLLamﬁqmiwﬁ 3§l
M157971 5 TAEINTINISAILIUALRUUAURLYET F1vun
AU R

- ntlnaansasatuiuAAumYNdSnYs rldnviuy
WAy 1.00

- nsdlnug YT oA ALLNIINAN AU LaTdENAM
gnees lnsanusadeansisderiaiivldnudum azld
AZLUULYNAY 0.90

- ASENUANS I EAALINANFAUMN LedznARAR
Fedawalidoansiadovinfiviaiou avldnzuuuviaiu
0.50

- nstinaanslugennananselinunasns aglanzuuu
WiAu 0

931971 3 Bensnedl 5 WeSeuiieunaiilalunns
Fumaiuarsraunadnsildanlassaiiadoyasay
sULuuuA asulddnlassasiedeyaguuuy Custom Mapping
ansnfumdldsniifanuazaseunquundigalagly
wattunsfuniadssesenindu 0.12 us dwudaunde
1AS9a319lbuU Thai Tokenizer [16] Iaglgiianlunisaum

wagresien1silu 0.51 us wazlaseadraiaumlagiun
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a A

4

Aumaaesesiensily 14.22 s

anAslassds19uuy Dynamic Mapping lagldtianlunis

) < v v ° )
A5°991 3 - AUSIUNSAUMIAIEA (Ms) INAISNAADIN 2

nad g lun1sAun (ms)

AfunI Dynamic Thai Custom

Mapping Tokenizer Mapping
dulzsagua 1 3 20
NZLNT 3 31
ALHD 1 1 9
AGIGIE 2 5 30
oy 11 3 11
UDTELR 2 1 22
NUIMNIATEL 2 5 93
fuse 1 1 12
N UoLnednT 2 7 55
g1vionnzd 1 5 36

M7 4 ; SuRednsTIdumldnnIaaesd 2
Sruaunadnsidumle (s1ems)

AU Dynamic Thai Custom

Mapping Tokenizer Mapping
dulgsngua 14 5,323 85,733
NYLNT 3,525 9,263 279,099
AvHD 883 2,239 32,571
HnLwdes 831 62,312 365,397
WioLang 232 5,889 93,345
UaTLTA 890 1,643 305,789
TN 5,707 29,751 616,189
sy 218 429 265,675
Nz TomnAdag 181 52,527 558,283
d1 Ve 1,366 46,679 668,452

= = v ' P
A15797 5 : nafildlunsdumdesienis (Hs) AINANINARBIN 2

aldlunisdum / 1 5183 (us)

AU Dynamic Thai Custom

Mapping Tokenizer Mapping
dulzsagua 71.43 0.56 0.23
NS 0.85 0.22 0.11
G0 1.13 0.45 0.28
PRIVEEN 2.41 0.08 0.08
oy 47.41 0.51 0.12
BTN 2.25 0.61 0.07




A15797 5 nanfIldlunsAumAesenis (us) 9INSNAaed 2 (Ae)

nafildlunisdum / 1 s1ems (us)

AAUT Dynamic Thai Custom

Mapping Tokenizer Mapping
MUY 0.35 0.17 0.15
sy 4.59 233 0.05
N UoLnednT 11.05 0.13 0.10
I1vionnzd 0.73 0.11 0.05
iy 14.22 0.51 0.12

4.1.3) Nan1T AT IE0INMsIRaes 3 Fadunmaaeu
MSAUMEIUNISIE9U autocomplete [18] SerinalaTIas
Sﬁagawuu Dynamic Mapping Mslg9U Thai Tokenizer [16]
wazlasas1adayaguiuy Custom Mapping laeldfianson

naansannsAundu 1 d1duusn (Top 1) 5 a19unsn

Dynamic Mapping

B Thai Tokenizer
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(Top 5) wag 10 asutksn (Top 10) ?jﬂmmmmjueﬁwsaﬁj
SENIN9 0 D9 1 mmm@wamimamﬁqgﬂﬁ 4 gﬂﬁ 5

M151991 7 wazn131991 8 TABLNIINISAIUIAZILL
Aulugn fsuasuseaSendal

- n3tlnaEnsasItuiuAAunYNAIeNYs Aelanzuuu
WinAu 1.00

- A3EINUAE ISR ANNINANAUMN LaTaENAR

v

gnéies Inganunsadeansistesiniialdnuddum azld
AZLUULYNAY 0.90

- ASENUANE I ALALNNRNNFAUTN LRdznARAR
Fadalidearsiedevinfivfiniiou axldnzuuurify
0.50

- nsdlnaansluapnndassalinunaans azlanzuuy
WiNAu 0
Il Custom Mapping

23

1.0ps
0.8 ps
0.6
06
, 0.5
0.4 2.2 0.5ps
o3 N 03
_ 02 - 03us
02 g2 01
0.1 01 =0l 0.1

Il = 0B - Hm
| s = -

duussania NSHWST a:00 WNIKaBY IRQIW: Uos:IWa JUKW0VSHT nolIs: udainAdon koA

UM 4 1 nswlhSeudisunafldlunisdumsiesenis (us) 3nn1snaaesi 2

Dynamic Mapping

1.00

0.75

0.50

0.25

0.00
Top 1

B Thai Tokenizer

0.89
03a 038 034
I . l

Top 5

B Custom Mapping

0.92 0:94

Top 10

JUT 5 : nswliUSsuiisuanuusivgilunisdumeAainnisnaaed
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Abstract

In the era of big data, data integration to create data warehouses is vital to the development of organizations
with a variety of data. There are a lot of redundancies. This redundancy affects the duration of decision-making
and the overall efficiency of an information-driven organization. The objectives of the research were to: 1) develop
a data warehouse using data integration techniques to reduce data redundancy; and 2) analyze data about
redundancy reduction. This paper proposes the data warehouse development, which has five steps. Firstly, the
process of data structure study, which uses the SQLyog program as a tool to understand the data structures of
KIMs and WE Systems. Secondly, data integration is performed based on the ETL process via the SSIS platform.
Thirdly, the data warehouse development process uses the SSMS program to create a new database that
consolidates the integrated data. Fourthly, the process of testing on the data warehouse is done using SQL and
PHP as tools to create the report systems for decision-making. Finally, the data redundancy analysis process is
conducted to determine the rate of data redundancy reduction. This research uses raw data from the WE and KIMs
databases, compressing 8,505 entries. The data sets are classified into two groups, which are the research group
(5,490 entries) and the academic service group (3,015 entries). According to experimental results, the reduction in
data redundancy for the research group between the two systems is 1,381 entries, which is equal to 74.84%.
Similarly, the reduction in data redundancy for the academic services group between the two systems is 468 entries,
which is equal to 84.47%. The research demonstrates that the development of data warehouses using data
integration based on the ETL process can effectively reduce data redundancy within organizations. As a result, the
performance of the data warehouse development process can improve the efficiency of decision-making and

enhance data-driven operations within the organization.

Keywords: Data integration, Data redundancy, Data warehouse, ETL process
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$YUU WE Usznaudae 3 dumeunisdifiuaiu awisn
LLamﬁq%y’umauﬂﬁﬁ’lLﬁm’mgm’lmﬁazﬂamu%’aLLamm
UINTIPINITVRITEUY KIMs Auseuy WE 1insgiusiu

NIzUIUNS ETL dananslugud 5 uay 6

Data of KIMs Database
. Golasanis mwlne
. dalAsinis nudenne
. UTELANIUUTANTIYINTG
. UssLanunaau
. Julszunauiilasu
. Usuuszana
. whesnudveslaseng
. Wuiaiiums (azfiagn assfiga)

W 00 ~N 00 0 A WK

. anuzlAsanis

10. lONASUANS I

11. H59UUINsIvINTG
12. fouaznsiidausau

D
WE
Database

Data of WE Database
1. Fa1uuinFivians nulne
2. FouUinsivng medange
-3, USELAVaUUINISIUIAT

4, iBiaYAE

45 annuiide

" |6. Ussamlazanis

7. Sruau (Falug)

8. sE8la3NdY

9. sruzlIaNAUER

10. Uszanaudszunm

11, §rurusudsenn

12. wihaswludsia

13. Yauuszana

14. $2uugdmlagang

15. Srurutindnersiulasanig
16. swazidandue

17. wilgaun1euan

18. miheauisnwedlasanis

19. 1anasusznau

20. (594UUSNSIBINT

21. Sowaznnsiidrusiu

JUT 4 : deyanuuimsInmsvesdesssuUnlanuaenades
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/ v
i-) We Data E—) KIMs Data
5’21‘1,0% 1.431ruws
.I Data Conversion —_p v lT Sort KIMs o a—— 1 Data Conversion KIMs w
G0 5,219 rows T sonwe 1437 roms. 11
3,732 rows l l 4 1,317 rows
A 4
+$ Merge Join
4,96imws
- -
&-_.-l Check Data Match s > (E@ Row Sampling
Conditional Split Default Output (4,880 mt&)
Data Match (84 rows) ”
X 1
Check Data from KIMS&WE
—
J
- ‘ WW=Data (3,648 rows) KIMs Data (1,232 )
A\
BE Loadamsawe BE Loadve Be Lo
JUN 5 : Tumaun1sysaN1steyauiTevesdetszuy
E> weoaa B> «avsoaa
Z,Mirows 66 fws
11 s : ) )
f\! Derived Column g BE CovCoum = LT Sort 1

2,485 rows

l

+$ Merge Join

2.53iruws

il . .
A Conditional Split
e

Conditional Split Default Output (2,525

Data Like (11 rows)

Be Ladkmsawe

e(- Load We

62 rows

v

Conditional Split 1

KIMs (51 rows) l

e(' Load KIMs

N

E (2,474 rows)

i

o
o

JUN 6 : T

G]EJ'Nﬂ’li‘U‘J3m?ﬂ’ﬁ%€]J,I“aﬂ’mU%ﬂ’]iiﬂ]’lﬂ’liﬂJENﬁENixUU

7
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NFUTN 5 Uay 6 T18azideansatiuauie NN
Adstaya fieavidundastaluil
1) nssunudeya 31nn1sindeyanuideuazay

UMM TVEBITEUULNI ARS8 IMNUNTEUIUNSURINNT

o o 9

19 a <, a = a v g
swswdeya Mideududane3viu Tugu 7 laenadns

P v (%

nsnuresdanesiufesyndeyanseuiulasiasieteys
AUNATHLALNUUINTIVINTVBIERITEUUTUANA U
FaUsznausie Yedeya yllateya voavaesgIudeya

danalivinanulsegazninkazsIns)

Algorithrm 1: ¥umeun1337uTITaya (Data Source)

1 | START (Data Source)

3 |/ anidy

4

5 SELECT * FROM [WEDBI.[dbo].[research]

6 SELECT * FROM [KIMsDB].[dbo].[project] WHERE project type id IN ('1','4)
7

8 |/ nuuinsivims

9

10 SELECT * FROM [WEDB].[dbo].[academic]

11 SELECT * FROM [KIMsDB.[dbo].[project] WHERE project type id (‘2','3','5',7");
12

13 | END of Data Source

JUN 7 : danesiiun1ssiusiudeya

2) nsUsuudsteya (Transform) Tumeunisiifoya
AUNUITUAZIUUTNTIVINTVBIADITEUULYIINTUSY
uisdaya Usznaude 4 dunau Ae 1) nsuuudsdoya
2) mstsesdoya 3) msideudeyaveesszuu uag 4) ms

asavaeuteys dileududane3fin lugui 8-11

Algorithm 2: Fuusisdoua (Data C
1 | START (Data Conversion)
2
3 Transform WE(Column) {
4 researched, WE_ID, int;
5 title th, WE title th, string;
6 title en, WE title en, string;
7 status work, WE_Status Word id, string;
research _type , WE_Research type id, string;
9 resource_type , We_Resource type_id, int;
10 resource detail , WE Resource Detail, string;
11 budget, WE_Budget, string;
12 year, WE_Year, string;
13 files_upload, WE Files, string;
14 adding, WE_Adding, string;
15 }
16
17 Transform_KIMs(Column) {
18 project_id, KIMs id, int;
19 project name th, KIMs name th, string;
20 project name en, KIMs_name en, string;
21 project status, KIMs_Project_Status string;
22 project_type_|d, KIMs_Project_Type Id, string;
23 source name type id, KIMs_Source Name type id, int;
24 project_agency, KIMs_Project Agency, string;
25 project budget, KIMs_Project Budget, string;
26 project star, KIMs_Project_Year, string;
27 project upload, KIMs Upload Files, files upload, string;
28 user_idcard, KIMs_User Idcard, string;
29 )
30
31 |END (Data Conversion)

U 8 : mM3UTuusstaya (Data Conversion)
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MN3UT 8 MsU3uusisdiaya (data conversion) suiums
UFuudsUszinnvestayalvioglusunuuiieniu iy string,
date LHudu uagyinisimuadevesaeduiliuansds
udsfiunestoyaduma 1wy WE title th, KIMs_name _th
Jwdu dwalideyaiuinsgrudeaiudwsuihunldluns
ysannsdeya safeanunsatislunisnsiaaeuunadian

vostoyaliogetniaudy

Algorithm 3: YumeuiTuadfutioya (Sort)

1 | START (Sort)

2

3 /Sot WE

4 vimsiEeadiduyasdoya v Input Column = WE title th

5 Sort Type = ascending Ae 9ntiouluwman

6

7 // Sort KIMs

8 msiSesdduastoya wiu Input Column = KIMs project name th
9 Sort Type = ascending Ag 91nviouluvmn

10

11 ) .

12 15ian Remove rows with duplicate sort values ilun1saudayanmiloufiuaen
13

14 | END (Sort)

P
o

U7 9 : Juneunsi3esdidiu (Sort)

Mnguit 9 FuneumsFesddudeya (Sort) uns
Bosdduteyalaslifenunwilve FaFesandadnes n
fa 9 warautoyaidouresmAfousruimsining Tng
fundeyafindoutuuuuiosas 100 dwalideyaddou
PNTPUVIUNARAS  wedigadam st ludINIuIg

vuaeuviloukuuiosas 100 919dmalviAn
TORANAINUDINITNTINADUTRLA  Lilatayaiiefiuusidiey

Tawilouiu W dfusitdn ffuwlng Ju

Algorithm 4: fumsuiSeuteyaveenseszuu (Merge Join)

1 |START (Merge Join)

3 Merge join(KIMs_name_th, WE title_th) {

a KIMs_ID, WE_ID;

5 KIMs_name _th, WE title th;

6 KIMs name en, WE title en;

7 KIMs_Project_Status, WE_Status Word id;

8 KIMs_Project Type Id, WE Research type id ;

9 KIMs_Source Name type id, We_Resource type id;

10 KIMs:Project:Agency. WE Resource_Detail;
11 KIMs_Project Budget, WE Budget;

12 KIMs Upload Files, WE Files;

13 KIMs_Project_Year, WE_Year;

14 KIMs_User Idcard, WE_Adding;

15 }

16

17 |END (Merge Join)

JUN 10 : Tumeueutoyavetaesyuu (Merge Join)

n3UN 10 TURDULTRUTRYAYDIADITEUU (Merge

Join) HugUkuy full join IneldPanuntwiveduditey

v = N v

Tnginruadeuluniseuneliildeuanuileunu

U

1%

Uy



wuuseeay 100 dwalviyadoyasunuifeuasnuuinis
Agrnnssgninsaesszuuiisndoutuanas uifigndonas
W ludiununsimvuaavilouwuuseay 100 913
dawalsiiAndofianarnvosnisnsaasudeya iiedoya

Wentuuadsuliwdlounu wu MmRuvidn ffuilng)

Algorithm 5: t‘r’unaunﬁﬂﬂuﬂwiﬂun (Check Data)
START (Check Data Match)

1
2
3 CASE // Check Data Match

a WHEN IISNULL(KIMs Name TH) && lISNULL(We Title TH) THEN 'Data Match'
5 WHEN ISNULL(KIMs_Name TH) && ISNULL(We Title TH) THEN 'NULL'

6 ELSE 'Conditional Split Default output’

7 END

8

9

CASE // Check Data from KIMs&WE
WHEN ![ISNULL(KIMs_ID) THEN 'KIMs Data'

11 WHEN ISNULL(We Research Id) THEN 'WE Data'
ELSE 'Conditional Split Default output'

END

END (Check Data)

JUT 11 : Jumaunisnsivaeutaya (Check Data)

913U 11 Sunounismsraasuteya (Check Data)
Junmsihdeyaniideuariuuinsivnisvesdessyuy
Vivjwumu%u%ga (merge join) L%’ﬂgjﬁ"auimmimwaau
foya et teyaiiiudeulvludaivlidindsdoya
Feulvlunsasaasudoya Uszneudae 1) Heulvnng
nsraaeudeyailiviloutuy (check data match) uag 2)
Foulvnismsraasudeyaiilsiviloudu (Check Data from
KIMS&WE) n3¥uIun15fInandasanteianainiiena
Aetuannisrudeya sfvannsansndeuwmasiiungy
yaestoyavasansszuy esnnfimsinfusiaiiunves
foya fodrsnsiafusiaiuvesdoya duandluzud
12 Us3vindl 17 wag 18

3) duneunisdaivdeya iunisiideyavinviaes

I~ v

53U‘U‘I/IB\I’]“IJﬂ’]§Uuim’]ﬂ’1§WJEJLdﬁﬂuvLsUﬂqﬁmﬁ'lﬁ]ﬁ@U%@ﬁJuaﬁ]’m

gane3fiuluzun 11 wdnfiulidmdsleya nsguiunisnis

8

¥ =

) Y as o =
QﬁLﬂ‘U“U'E];Jvﬂ g@usasulluaanaIng @QLLHWQIUEUV] 12

©

[y [ I3

FuppunsIaiunmLdaneIulugun 12 adunsiag

'
o v a

deyamiiunsuTulsisuagiutoulun1snsvasuteys

v < Y v v Y < < !
wdaiulidendedoya lasusnnisdaivesnidu 3 diu
mueuly dail

1)

v & v A

Foufutoyaiivilouiu dwuansluguil 12 ussiiag 6

Y

faussvind 19 Imsfiusiaiunvesdeyarisdesszuy dawa

Tnudn In1snsendeyadidouningedsyuy fat g
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aunsathdoyafiintuannisldssuuaminmeingfinsa
nsldauszuvansaume easrsanudlasanfuseming
Alduagszuuauy

2) Fafiudioyaainszuu KiMs fauandlusuil 12 ussiia
7l 21 fia usvind 33

3) daufiudeyaanszuu WE dauandluguil 12 ussvind
35 fis usvinil 47

NMsAIuUILNTTUINNNINISIaiutoya dina
ThAnadadeyadunuidonazaiuuinisivinig fign
Fafivegnufuszleu annsahladeszuunenunie
Prglunisiiasegideya swudeaunsaansseziiaiiay
Fuporlunsdiiunudunistddoya

uennfimaysannistoyadienszuiuves ETL vl

v o o

\inlassasnadoya (data structure) uagadetayadiniy

Y

@ [

aiudeyaruiTenaruuinsinnisi Juadeya

9 Y
3

ndanuluanwzYeslaNawuullasIadse Av M1519

e

U398 910U 13 518075 BATAITINIUUSNISIVINIG

U 15 519015

Algorithm &: funaun13daiiu (Load)
Start (Load KIMs&WE)

Connection Manager - 1Rongudaya uazsnmsilddmiviaiv
Mappings

KIMs WE_Mappings() {
WE title_th, name_th;
WE title_en, name _en;
WE Status Word id, status work;
WE Research_type id, research type;
We Resource type id, resource type;
WE Resource _Detail, resource detail;
WE Budget, budget;
WE Year, year;
WE Files, files upload;

W@ N B W N

WE_Adding, member add;
WE ID, weid;
KIMs 1D, kimsid;

}// End of WE_KIMs_Mappings

KIMs Mappings() {
KIMs_name th, name th;
KIMs_name en, name_en;
KIMs_Project Status status work;
KIMs_Project_Type_ld, research _type;
KIMs_Source Name type id, resource type;
KIMs Project Agency, resource detail;
K\Msthjec{iEudget, budget; °
KIMs Project Year, year;
KIMs Upload Files, files upload;
KIMs User Idcard, member add;
KIMs 1D, kimsid; B

}// End of KIMs_Mappings

WE Mappings() {
WE title th, name th;
WE title en, name en;
WE Status Word id, status work;
WE Research type id, research type;
We:Rasource:lype:\‘d, resaur:e:lyps;
WE _Resource _Detail, resource detail;
WE _Budget, budget;
WE Year, year;
WE Files, files upload;
WE _Adding, member add;
WE D, weid;
}// End of WE_Mappings

END (1 oad KIMs&WF)

U7 12: Jumeun1sdaiiu (Load)
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Research

Knowledge and Innovation Management System : KIMs Workload Evaluation System : WE

+ ID(PK)
« NameTH
* NameEN

ar research member

* ResearchType - ressarcher member id (PK)

+ ResourceType M hid (FK)
« researchi
+ Budget !

co research team

+ member id
member + Year .
« co researcher team id (PK) - Organization « ratio type id
W
+ id (PK) « project id (FK) « StatusWork ¢ num per
| . 1 1 -
« personal id « member idcard - FileUplond
. + MemberAdd -
fname th « proportion 4 ar research files
. Weld — - - —_—
» lname th
= 1 member
+ fname en » KiMsld - id(PK) [
M
= [name en o research team « researchid (FK) = id (PK}
- ) 1
| e title - + file name l—— - personalid
|« section - usp_attid (PK) Acadamic + file path » fname th
- us p att name ; . 00K = Iname th
« project id (FK) + NemeTH « frame en
« HamaEN academic serv user « Iname en
« AcademicServicesType + member id (FK) - title
+ Lacation
« Aserv_member id (PK) « section
+ ResourceType
Sudget « ratio type id
+ Budge
Joar + number
* Yea M
« StartDate « academic_serv id (FK)
- EndDate
- Organization .
academic serv files
« FileUpload
» MemberAdd o id (PK)
]
- Weld 1 - academic serv id (FK)
1T . Kimsid

« file name

« file path

JUM 13 : lassasundadonn

4.1.3) 3!?)575%%91/2757%‘775279)@?71/;7%@%”080%81/@ AT 7 : @1wswq%’agamuﬁmﬁmmsmﬂaaﬁzuu
u v

ndeyafigniuiinlnewuuiuiinnanisysannsdeyatiie ens KiMs | WE
" v v - v A=y Toya 5¥wIN9 1 n.g. 63 - 1 dlA. 65 66 | 2,949
msaedtoya nanslieseiteyaiiiefnwignsinig o
y y - - . Toag1lagn130519a8Y String Matching 4 464
anAudrdouvesdoya sneaziBeanisiiasising | -
BUAAILNAD 62 2,485
= [ =2 ° ! A v
msAny anansauvadunanis@inw 91au 4 du fie v AT——
IDYATANUTITIUYDIVDYR 6.06 15.73

4.1.3.1) Tupoun1559UTINYYA (Extract) INTRYANAN

(raw data) ANIUNITYIUINTTOYAMIENTEUIUNITVDY
ETL fleasnandsteyangruteyavesasiszuy d1uou
8,505 3183 Baudadudeyanuise $1uau 5,490 s1em3
wazdeyauUINFIvInTg S1uau 3,015 18m5 Teteya
anumgnldifudeyandnlunismaass doyaduandly

A15799 6 way 7

15199 6 : MTTEYANUITBIINABITEUY

1835 KIMs | WE
foya svwina 1 ne. 63 - 1. 65 1213 | 4,277
‘i’fa;ga%ﬂmamimwaau String Matching 119 | 1,262
loyanuvie 1,094 | 3,015
Sovazanuddouvestoya 9.81 | 29.51
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1NANTN 6 hag 7 NuleyalInsEuy WE Wuilaiy
FYRUNINNTINTTUU KIMs LHBI91NATLUIUNITYIII U DY
A095¥UUHUTAMULANA19AY tAgSEUU WE TUaga1unse

v

YN UYARUUTIZYAAD LABYAAINTIANVRINAIU NTBH
sauannsnddidoyademuedld luvasiiszuu KIMs
agannsaddeyanuideuazusmaivimniglussuy
isiudrveslassnisindy nfaszuu WE vhnnsifiy
foyauuusounsUssiiu daninasinsussidulinsuuy
Tusuiiyaainslddavinanansalddmiuinannanuld
1NN 1 seunsUsziiiu yaansvdeiiidniieadeas
ffiunsnsenteyayaifinvesseumsuseiiufiiunnidng
szuuBneds itelddmsuussfiunuesinussuesulad
Tusaugfissuu KIMs Suazideyanuifouazauuing

Tmsidndszuveeulatiieansase i



4.1.3.2) Foyaitanasainduneusuussdoya (Transform)
aflunsuTuusstoyavesaassruuidimeiuniuguwuy
Merge Join Tu 3 sUnuutem3Fluns doulosdoyaia
fgneuingnszuiumsaninefedniiu duandlumsisi

8 ez 9

= = = = > oo
M99 8 : 61’15’1\1LU%EJ“ULVIEJUﬂ’]iL‘U’eJiJ“U@JJan’WU’)R]EJ

Marge Join
518N13
Inner Left Full
foya (AIWEDIN KIMs + WE) 4,109 | 4,109 | 4,109
foyailiiluysanns 4,076 | 3,015 | 33
ToyAnUVEDINNITYIUINTT 33 1,094 | 4,076
Yovazvastoyaiiysannis 080 | 26.62 | 99.20
M3ad 9 : meraFeuiisunisdendeyacuuing
Marge Join
518N13
Inner Left Full
Toya (ALMeN KIMs + WE) 2,547 | 2,547 | 2,547
”mgaﬁhiﬁﬂﬂymwmi 2,536 | 2,485 11
ToyAnUVEDINNITYTUINTT 11 62 | 2,536
Yovazvastoyaiiysannis 0.43 243 | 99.57

91nAN519 8 uaz 9 Msideudeyauuy Inner Join Ly
nMadentoyavosisansszuuiunIIATIIdEUI NG ITY
mwlnefwmiioudy Inssnideiideyaiiniloutuduu
33407 Andufenar 0.80 s1uUITiwIniideyad
wiloufudiuau 11 uad Anduiesay 0.43 Tuvnigiing

o

doudeyauuy Full Join liunisihdeyaiemunainass
sruvnBeulesiu wudeyaiuidesiuau 4,076 ua fAn
WuSesar 99.20 LazauusSN1TIVING 311U 2,536 Ba7
Anuduferay 99.57 fuu §3deTadonzuiuy Full Join an
Tdlunsysannisdeya

4.1.3.3) doyafianasandunsunissafudoya ihdeya
mATBLaznuUINTITIMsTdenteyarugukuy Full
Join undgtuneunisnsiaaouiiouluniiu iniesdle
Conditional Split tiun13ns2aaeudeyafiindoufy
wansnsuusianansaysnsle wagldanunsaldysannis
1§ sunisldideulvaindenumwilnelunisnsisasy
rouhludmiiudindedoya dsoaziBoamsnail 10 uay

11
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A9 10 : A1519MsIvEUNITue Ui

Conditional Split Data
318113
Null Match Other
”mgaﬁgﬂymwmi 4,076 4,076 4,076
Toyailignysannis 4,075 4,043 34
foyatiiunisysanns 1 33 4,042
Yovazvastoyaiiysannis 0.02 0.81 99.17

AN597 11 : AsRTIRERUNUUSMTINsiiethludalAy

Conditional Split Data
318113
Null Match Other
”mgaﬁgﬂymwmi 2,536 2,536 2,536
Toyailignysannis 2,536 2,525 11
foyatiiunisysanns 0 11 2,525
Yovazvastoyaiiysannis 0.00 0.43 99.57

15197 10 war 11 msldia3esile Condition Split
Tunisuenauideuazauuinisignisangluuu Full
Join e ludmiuligindadoyaiinonlilagludiuves
9u3ds wudeyamPumrinsdiuu 1 uaAndudesay
0.02 uAdefnileutusiuay 33 uad Anduferar 0.81
wareudTeildasemutoulefifrunsiuiu 4,042 an
Anidufesar 99.17 Tuduvesnuuimsinns wuteyad
wiloududuau 11 unn Andudesas 0.43 wavauuinig
Jenislinsemuitoulafinunsiuiu 2,525 Andudes
av 99.57
4.1.3.4) ayUuatoyaiiananinnsimuinsiteyasienis
YsaIn 15904 askIuNTETUIUNIT ETL ANNNANITANY
15981999y aUITUUAIUUINITIVINITVDITEUY KIMs
AUTZUU WE WU

1. Tnssa¥rsdeyasuidevosisassszuuduiiniig
aenadasfiu Usenoudie Joauiteniwilng, Feauide
11919909y, USELAnauddy, Uselaninaanu, 31U
Runy, Yeudssuna, Miheudnvedlasanis, a01uens
fufiuany, lonansvdng iy, g3mnuise uazfesas
nsllaIus

2. lnssadredoyanuuinisivinisvesisanssyuudl
Tnssadradoyaiiaenadesiu Usznaudie Jeaiuuinig
Fnsanening, %'amuu%mﬁﬂmmsmmé’nﬂqw, Yszinn

NUUINITIYING, NUNANTUIY, UTeLanunaany,
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Uszanlasu, Jeuuseana, Tusulasenis, Juduan
1AS9INS, NUILIIULINVB9LATINNS, LBNA1TUTENBY,

B399, Way Sevaznsildiusiy

3. 8MIIN1TANAIVOITOYA INNITYTAUINITVOYA
UITHUALIIUUINITIFINITVDITEUU KIMs AUsEUU WE
HIUN1TUIUNIT ETL wudn Jeyasuidevesanissuull

o

$1uau 5,490 19m15 Wesudunstoyarunisysanns
TayakaIAUNanUITEIINI 4,109 $18ANT @110
%@ga%ﬁaulﬁﬁi’wmu 1,381 518015 Anndusesasy 74.84
Tusaugiitoyanuuimsinmsvesassszuuidiuam 3,015
578115 ANTUAITYTUINTTRYARAIALNTDIUUTNT
FMI UL 2,507 919713 Aunsnanuddeuesioya
Lad1uau 468 518015 Anvludevas 84.47 Aauans

SNYALLDYALUANTITN 12

= < = > 5
fA1919N 12 : miwl,ﬂiammaumaagammau

Iunudaya o
918019 z - — AnLdu
MNUUA | AUED | 19U
MUY 5,490 4,109 1,381 | 74.84%
UUTMTIINIG 3,015 2,547 468 84.47%

4.1.4) W52 UUTI89INYYARINAAITEYA NTHA
sruusnuteyanuddoaznuuinsivinisiiiunig
Uszandldimallan1sysannisteayanisnssuiuns ETL
¥9355UU KIMs Ausguu WE figndafiulinieluadsdeya
Hudunounismaaounisliusylenivestoyanadsdoya
ielauisaididedeyaldediasiaiy uaziresenis
dldldusslevdiunsiinsendeya fMegreszuuneny

JoyanuiduazuuinTivins dwandusui 14 fa 16

w55y

swmsdoya

oooogo @

JUN 14 : fegnenuidey
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wUSMsSmms

spooog @

3UN 15 : g 1euuinsivng

I Ralterr] I
35
u
"

SwounuIseusnsiwld

0

=
0
S
3 =
4
=
W
=
e
I I T
A i
P 5

FF PP

JUT 16 : fegsasuenudeya

1NNTRAUITLUUTIBNUTYANUITOUALUUTNT
Jv1ns Fadunsihadsteyaunlivselovd finsnaaey
Usgansamnisihedseyalulduselevd Tnsuvaiidents
Uszifiuoonilu 5 fu dunsussidulaegidornydu
waluladdiau 3 v nudn eglusedufnin Saiads
Wiy 4.89 suiilanadegean fe fusugndodunis
MUY0ITEUU wazaunsazaIntunisldaussuy 4
ARy 4.93 Tuszgansamegluseiu 60 funn s
AfAdEfgn A Funsinwicnulasady fdads
WinAv 4.78 arunsaasuladn nsidhunlduselevid a1n
N13YIUINTTRYANUITEUALIIUUTNITIVINITVRIADS
szuutiu fusgansamlusedufun s 5 du Suandy

A9 13

15199 13 : HausziiulsEavsamlaedideangmumalulad
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Abstract

This paper presents two Medium Access Control algorithms named Limiting Accessible Slots (LAS) and Splitting
Accessible Slots (SAS), which enable the IEEE 802.11 distributed coordination function (DCF) with Constant
Contention Window protocol to support traffic with different quality of service requirements. LAS algorithm restricts
slot access to group 1 users while group 2 users can access all slots. While SAS algorithm restricts slot access to
both groups of users. Each group of users can only access the slots allocated to them. There are no slots that are
shared by both groups of users. From the results, we found that each group of users has different average delay
time for accessing the channel, so these algorithms can be used to provide different Quality of Service (QoS) for
multi-class traffic. In conclusion, appropriately setting the accessible slots for group 1 and group 2 users is crucial
for achieving the desired QoS levels, highlighting the importance of tailoring these parameters to the specific user

distribution.

Keywords: |EEE 802.11 DCF with constant contention window, Multi-class traffic, QoS
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. INTRODUCTION

Nowadays, wireless communication technology has
developed greatly and can transmit data much faster
than before, resulting in a large number of users in the
system. When there are many users who want to send
data simultaneously, there is a chance of data collisions.
This causes the efficiency of data transmission to decrease.
For this reason, there is a need for a protocol that can
control access to the channel for data transmission.
This protocol is named Medium Access Control (MAC)
protocols. Examples of this protocol include TDMA [1],
[2], FDMA [3], [4], and CDMA [5], [6]. These three types
of protocols clearly divide the channel for each user
according to the time, frequency, and code assigned to
each user. This causes no data collisions to occur.
However, if some users do not have data to send on
the channels allocated to them, this results in wasted
resources. Therefore, contention based protocols [7], [8]
have been developed. Contention based protocols
allow each user to compete for the use of the channel,
thus being able to support a large number of users.
Examples of this type of protocol include Pure ALOHA
[9], Slotted-ALOHA [10], [11], and IEEE 802.11 DCF with
Constant Contention Window [12]. The IEEE 802.11 DCF
with Constant Contention Window protocol is different
from Pure ALOHA and Slotted-ALOHA in that the IEEE
802.11 DCF with Constant Contention Window protocol
uses a frame structure with a fixed number of slots. In
Each frame, the user can choose only one slot to send
data, preventing each user from sending data consecutively.
This causes fairness in the use of each frame. However,
the IEEE 802.11 DCF with Constant Contention Window
protocol is not designed to support traffic with varying
quality of service requirements. Each type of data
requires different quality of service. For example, audio
data is more sensitive and delay than general data. This
leads to subpar performance for high-priority traffic

because [EEE 802.11 DCF's current MAC algorithms are
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unable to deliver differentiated QoS. The needs of
various traffic kinds are not sufficiently satisfied by
current techniques. Numerous strategies to improve
QoS in wireless networks have been investigated in
earlier research. For example, the traffic prioritization
performance of EDCA has been well investigated,
however it is not always effective in contexts with
highly varied traffic kinds. Other strategies, including
adjusting the dynamic contention window, have
showed promise but still need to be improved for
scalability and fairess reasons. For the above reasons,
there is a need to develop channel access protocols
for wireless communications that can support different
service quality requirements.

This paper aims to improve the IEEE 802.11 DCF with
Constant Contention Window protocol by presenting
channel access algorithms named Limiting Accessible
Slots (LAS) and Splitting Accessible Slots (SAS) to be
able to support traffic with different quality of service
requirements. The following questions are intended to
be addressed by this study: For what user groups, what
is the effect of the SAS and LAS algorithms on average
delay times? Can these algorithms distinguish between
QoS for multiple classes in an efficient manner?.
Successfully addressing these challenges will not only
enhance user experience in wireless networks but
also pave the way for more reliable and efficient
communication systems, which are crucial for the
growth of loT, smart cities, and other emerging
technologies. To evaluate the effectiveness of the
proposed algorithms, this study is based on simulation.
Under diverse traffic scenarios, key parameter like
average delay time will be monitored

The paper is presented in the following order: In
section I, we describe the details of the Limited
Accessible Slots (LAS) and Separation of Accessible

Slots (SAS) algorithms. In section lll, results and discussion



are presented. Finally, conclusions are presented in

section IV.

l. PROPOSED ALGORITHMS

This paper presents 2 algorithms that can support
traffic with different priority requirements, which are
Limiting Accessible Slots (LAS) and Splitting Accessible
Slots (SAS) algorithms. The details of all proposed
algorithms are as follows.

A. Limiting Accessible Slots (LAS)

This algorithm restricts slot access to group 1 users,
while group 2 users can access all slots. An example
channel access of this algorithm is shown in Fig.1. In this
example, user A is only group 1 user and the slot that
user A can access is the first slot only. While the
remaining 5 users, which are users B, C, D, E, F, can
access all slots. From the figure, it can be seen that
User A successfully accessed the channel from the first
slot in the first frame. In this example, User A has a
delay of 1 slot. While users B and C access the same
slot in the first frame this causes a collision. Users B and
C are unsuccessful in accessing the first frame. They
then continue to access the channel in frame 2. It can
be seen that user B successfully accesses slot 3 in
frame 2. Therefore, user B has a delay of 8 (number of

slots in the first frame) + 3 = 11 slots.

L
I€

Group 2 ql
Group 1|
Frame 1 A B,C D E,F
l )
[€ up 2 q|
Group 1|
Frame 2 B C E F

Figure 1: Collision resolution mechanism of LAS algorithm when

both accessible slots and number of group 1 users are equal to 1.
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In Fig. 2, users A and B are group 1 users, which can
access the first 3 slots, while the remaining 4 users,
which are C, D, E, F, are group 2 users and can access
all slots. From the figure, we can see that each group
of user has different channel access characteristics. As
a result, each group of user has different average delay

time in accessing the channel.

[€ Group 2 ql
|<— Group 1 —>|

Frame 1 A B,C D EF
l )
€ up 2 ql
|4— Group 1 —>|

Frame 2 B C E F

Figure 2: Collision resolution mechanism of LAS algorithm when
accessible slots and number of group 1 users are equal to 3 and 2,

respectively.

B. Splitting Accessible Slots (SAS)

The SAS algorithm allocates specific slots to each
group of users, ensuring that no slots are shared
between groups. An example of channel access using
this algorithm is shown in Fig. 3. In this example, user A
is only group 1 user and the slot that user A can access
is the first slot only. Meanwhile, the remaining 5 users,
namely users B, C, D, E, F can access the remaining slots
later, which are slots 2 — 8. In Fig. 4, users A and B are
group 1 users, which can access the first 3 slots, while
the remaining 4 users, which are C, D, E, F, are group 2
users and can access the remaining slots later, which
are slots 4 — 8. From the different characteristics of
channel access, each group of user has different
average delay time in accessing the channel.

LAS algorithm restricts slot access to group 1 users

only, while group 2 users are able to access all slots.
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By assigning unique slots to every group, the SAS
method, in contrast, prevents shared access."

We can therefore apply these 2 proposed algorithms
to systems that need to support traffic that requires

different Quality of Service.

Group 1|<7

Frame 1 A

Group 2 44

EF

B,C D

Group 1|<7 Group 2 44

Frame 2 B C E F

Figure 3: Collision resolution mechanism of SAS algorithm when

both accessible slots and number of group 1 users are equal to 1.

|<— Group 1 —447 Group 2 4’|

AB C D

Frame 1 EF

|<— Group 1 —447 Group 2 —>|

Frame 2 A B E F

Figure 4: Collision resolution mechanism of SAS algorithm when
accessible slots and number of group 1 users are equal to 3

and 2, respectively.

lll. RESULTS AND DISCUSSION

In this section, we investigate the performance of
the 2 proposed algorithms using MATLAB. This study is
predicated on the use of a set number of users and
unchanging traffic patterns. The details of the
investigation are as follows.
A. Performance of Limiting Accessible Slots (LAS)

We set the total number of slots and the total
number of users to be equal to 8. Users are divided
into 2 groups. Group 1 users access the first few slots.

While group 2 users can access all slots.
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As seen in Fig. 5, when the accessible slots of group
1 users are equal to 1 and the number of users in group
1 and group 2 are equal to 1 and 7, respectively. The
average delay time of group 1 users is below than the
average delay time of group 2 users. The reason why
the performance of group 1 users is better than group
2 users is because group 1 user has only one user and
this user has access only to the first slot. Meanwhile,
there are 7 users in group 2, and these 7 users have
access to slots 1 to 8, giving group 1 user a chance to
succeed before group 2 users. It can be noticed that
the average delay time of group 1 users increases with
accessible slot of group 1 users because the more
accessible slot of group 1 users is, the greater the
chance that group 1 users will be successful in later
slots. When accessible slot of group 1 users is equal to
8, the average delay time of group 1 users and group 2
users are the same. Because in this situation group 1
users and group 2 users can access all slots. Therefore,
there are no differences between the two groups of
users.

When increasing the number of users of group 1
users to 2, 4, 6, and 7 respectively while maintaining
the total number of users equal to 8 users, as shown in
Figs. 6-9. It is found that the average delay time of group
1 users is low while the accessible slot of group 1 users
is high. This is because when the accessible slots of
group 1 users increase, it can help reduce the chance
of collisions among group 1 users. Moreover, the
average delay time of group 1 users and group 2 users
are the same when the accessible slot of group 1 users
is equal to 8. As described earlier, in this scenario there
is no difference between two groups of users.

It will be noted that some values of average delay
time of group 1 and group 2 users are not displayed,
such as when setting accessible slot of group 1 users to
be equal to 1 and setting the number of group 1 users

to be equal to 2. This is because in this situation 2 users



select the first slot. This definitely causes collisions and
will continue to collide every frame, making the
average delay time of group 1 users equal to infinity.

This value is therefore not plotted on the graph.

NG1=1,NG2=7

150 T T T T T T T

X Groupt
O Group2

100 L

50 L

Average delay (slots)

L L L L L L
2 3 4 5 6 7 8

¢ ¢ &2 & & & =
:
Accessible slots

Figure 5: Average delay time vs the number of accessible slot

of group 1 users for the LAS algorithm when NG1=1, NG2=7.

NG1=2,NG2=6
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Figure 6: Average delay time vs the number of accessible slot

of group 1 users for the LAS algorithm when NG1=2, NG2=6.
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Figure 7: Average delay time vs the number of accessible slot

of group 1 users for the LAS algorithm when NG1=4, NG2=4.
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Figure 8: Average delay time vs the number of accessible slot

of group 1 users for the LAS algorithm when NG1=6, NG2=2.
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Figure 9: Average delay time vs the number of accessible slot

of group 1 users for the LAS algorithm when NG1=7, NG2=1.
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To determine how many times the average delay
time is different between group 1 users and group 2
users. Ratio value is defined by setting this value to be
equal to the ratio of the average delay time of group 2
users divided by the average delay time of group 1
users. If the Ratio value is greater than 1, it means that
group 2 users spend more time on average than group
1 users, that is, sroup 1 users have better service quality
than group 2 users. On the other hand, if the Ratio
value is less than 1, it means that group 2 users spend
less time on average than group 1 users, that is, group
2 users have better service quality than group 1 users.
To understand clearly, let's give an example as follows.
If the Ratio value is equal to 1.4, it means that in
accessing the channel, group 2 users take more time on
average than group 1 users, with an average delay time
equal to 1.4 times that of group 1 users.

When considering Fig.10, it can be found that when
group 1 users is equal to 1, the Ratio value will be
greater than 1 at low accessible slot of group 1 users.
That is, in this situation, group 1 users have a chance of
being successful in accessing the channel. higher than
group 2 users. When the number of accessible slots of
group 1 users is equal to 8, the Ratio value is equal to
1, that is, both eroups of users have the same chance
of success in accessing the channel. When the number
of group 1 users is equal to 2, the Ratio value is lower
than 1 at the accessible slot of group 1 users equal to
2. This is because there are only 2 slots for group 1
users and in these 2 slots group 2 users can compete
with group 1 users. While 6 group 2 users can access
any of the 8 slots, the last 6 slots are competition
among group 2 users, making group 1 users' chances of
success in using the channel lower than group 2 users.
However, when the number of group 1 users is greater
than 2, the Ratio tends to increase to more than 1
because group 1 users have more slots that can be

accessed. This causes collisions between group 1 users
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to decrease and results in better channel access
performance for group 1 users.

When the number of group 1 users is greater than
2, the Ratio value is lower than 1 at low accessible slot
of group 1 users. This is because there are a large
number of group 1 users, while the number of slots
that group 1 users can access is limited. While the
number of group 2 users is decreasing and group 2 users
can access all slots. As a result, group 2 users have a
higher chance of success in accessing the channel than
group 1 users, resulting in the Ratio being lower than 1.

In addition, when increasing the number of
accessible slots of group 1, the Ratio value increases.
Because increasing the number of accessible slots of
group 1 can reduce the chance of collisions among
group 1 users and cause the average delay time of
group 1 users to be lower. When the number of
accessible slots of group 1 users is equal to 8, the Ratio
value is equal to 1. It is found that the Ratio values in
Fig. 10 are mostly lower than 1, so we plot the Inverse
ratio, which is equal to the average delay time of group
1 users divided by the average delay time of group 2
users. As shown in Fig. 11, it is found that most of the
Inverse Ratio values are greater than 1. That is, in many
situations group 2 users have better performance than
group 1 users.

From Fig. 10, it can be found that the accessible slot
of group 1 users and the number of group 1 users affect
the system performance. In some cases, it is found that
group 1 users have better service quality than group 2
users. While in other cases, group 2 users have better
service quality than group 1 users. We can apply this
algorithm to traffic that requires different quality of
service requires adjusting the accessible slot of group 1
users value to suit the number of group 1 users,
number of group 2 users, and the desired Ratio value.

According to the findings, as compared to the DCF



protocol's baseline, the LAS algorithm dramatically

lowers the average delay time for high-priority traffic.
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Figure 10: The Ratio vs the number of accessible slot of group
1 users for the LAS algorithm for various number of group 1

users and group 2 users.
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Figure 11: The Inverse ratio vs the number of accessible slot of
group 1 users for the LAS algorithm for various number of group

1 users and group 2 users.

B. Performance of Splitting Accessible Slots (SAS)

Here, we set the number of slots and the total
number of users to be equal to 8. Users are divided
into 2 groups, with group 1 users accessing the early
slots while group 2 users accessing the remaining later
slots.

As can be seen in Fig. 12, when the accessible slot
of group 1 users is equal to 1 and the number of group

1 users and group 2 users are equal to 1 and 7,
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respectively, the average delay time of group 1 users is
below than the average delay time of group 2 users.
The reason why the performance of group 1 users is
better than group 2 users is because there is only one
user in group 1 users and this user only accesses the
first slot, making him definitely successful in accessing
the slot. While group 2 users access the remaining slots
in the latter, causing group 1 users succeed before
group 2 users.

It is found that the average delay time of group 2
users increased with accessible slot of group 1 users
and become very high when accessible slot of group 1
users is large. For example, where the accessible slots
of group 1 users are equal to 6. Because in this situation,
group 2 users have only 2 slots left to access, which are
slots 7 and 8, but there are up to 7 group 2 users,
causing a high chance of collisions.

When increasing the number of users of group 1
users to 2, 4, 6, and 7 respectively while maintaining
the total number of users equal to 8 users, as shown in
Figs. 13-16. It can be noticed that the average delay
time of group 1 users is high at low accessible slot of
group 1 users. This is because when the number of
group 1 users is high while the accessible slot of group
1 users is low, there will be a higher chance of collisions
between group 1 users. When increasing the accessible
slot of group 1 users, it is found that the average delay
time of group 1 users decreased because increasing the
number of slots accessible to group 1 users can reduce
the chance of collisions between group 1 users.

While the average delay time of group 2 users
increases with accessible slot of group 1 users because
when increasing the accessible slot of group 1 users,
group 2 users are left with only fewer slots to access.
Therefore, there is a higher chance of collision between
group 2 users, causing the average delay time of group

2 users to increase accordingly.
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Figure 12: Average delay time vs the number of accessible slot

of group 1 users for the SAS algorithm when NG1=1, NG2=7.
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Figure 13: Average delay time vs the number of accessible slot

of group 1 users for the SAS algorithm when NG1=2, NG2=6.
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Figure 14: Average delay time vs the number of accessible slot

of group 1 users for the SAS algorithm when NG1=4, NG2=4.
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Figure 15: Average delay time vs the number of accessible slot

of group 1 users for the SAS algorithm when NG1=6, NG2=2.
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Figure 16: Average delay time vs the number of accessible slot

of group 1 users for the SAS algorithm when NG1=7, NG2=1.

We see an increase in delay for low-priority traffic
using the SAS algorithm in certain scenarios. This is
related to high traffic condition. When considering the
Ratio value, which is the ratio of the average delay time
of users in group 2 to the average delay time of users
in group 1, as shown in Fig. 17. It is found that when
group 1 users is equal to 1, the Ratio value is greater
than 1 because there is only one group 1 user and this
user has definitely successfully accessed the slot.
Meanwhile, the second group of 7 users must compete
compete for access to the remaining slots. As a results,
the average delay time of group 2 users is higher than

the average delay time of group 1 users.



When the number of group 1 users is 2, 4, 6, and 7,
the Ratio value is higher than 1 when the accessible
slot of group 1 users value is higher than or equal to
the number of group 1 users. Because in this case the
number of slots is sufficient compared to the number
of group 1 users, there is little chance of collision.
Increasing accessible slot of group 1 users will cause
group 2 users to have fewer accessible slots later. This
causes a high chance of collision. As a result, the
average delay time of group 2 users is higher than the
average delay time of group 1 users.

In addition, it can be observed that the Ratio value
is lower than 1 when the accessible slot of group 1
users is less than the number of group 1 users. Because
in this case the number of slots is too small compared
to the number of group 1 users, there is a high chance
of collision. When accessible slots of group 1 users are
small, this means that group 2 users have more
accessible slots. This reduces the chance of a collision
between group 2 users. As a result, the average delay
time of group 2 users is lower than the average delay
time of group 1 users and causes the Ratio to be lower
than 1.

It is found that some Ratio values in Fig. 17 are lower
than 1, so we plot the Inverse ratio, which is equal to
the ratio of the average delay time of group 1 users
divided by the average delay time of group 2 users. 2
As shown in Fig. 18, some Inverse ratio values are
greater than 1. That is, in some situations, group 2 users
have better performance than group 1 users, such as
when the number of group 1 users is greater than the
accessible slot of group 1 users. We can apply this
algorithm to traffic that requires different quality of
service by adjusting the accessible slot of group 1 users
to suit the number of group 1 users, number of group

2 users and the desired Ratio value.
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IV. CONCLUSION

In this paper, we present 2 new algorithms, LAS and
SAS algorithms. The proposed algorithms are derived
from [EEE 802.11 DCF with Constant Contention
Window. LAS algorithm restricts slot access to group 1
users while group 2 users can access all slots. While SAS
algorithm restricts slot access to both groups of users.
Each group of users can only access the slots allocated
to them. There are no slots that are shared by both

groups of users. Our results indicate that each user

group experiences distinct average delay times for
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channel access, demonstrating that these algorithms
can effectively differentiate QoS for multi-class traffic.
It can be concluded that the accessible slot of
group 1 users and group 2 users are the important
parameters that must be set appropriately according to
the number of group 1 users and the number of group
2 users to achieve the desired level of QoS. To prioritize
traffic and enhance user experience generally, network
operators can apply the LAS and SAS algorithms in a
variety of settings, including public Wi-Fi networks.
These algorithms can also be included into Internet of
Things frameworks to guarantee that vital applications
receive data in a timely manner. The use of static traffic
patterns in the simulations is one of the study's
limitations. To properly represent real-world settings,
dynamic traffic scenarios and mobility should be

included in future studies.
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Abstract

The purpose of this research is to create a real-time cyber intrusion detection system using machine learning
to strengthen and enhance cybersecurity within organizations. RapidMiner Studio was used to analyze intrusion
data with 4 algorithms: Decision Tree, Naive Bayes, Random Forest, and Gradient Boosted Trees. The algorithms
were evaluated and compared using the Royal Air Force Cyber Intrusion Detection Dataset (RTAF Dataset) to
determine their accuracy based on precision and recall values. The top 2 from 4 performing algorithms were then
combined using ensemble machine learning techniques. The resulting algorithm was evaluated and compared
based on precision and recall values. The algorithm with the highest performance was then used to create a real-
time cyber intrusion detection system using machine learning. The results showed that the real-time cyber intrusion
detection system using machine learning for strengthening and enhancing cybersecurity in organizations, developed
using a software development process combined with ensemble machine learning-based real-time cyber intrusion
detection using the Gradient Boosted Trees algorithm in conjunction with the Naive Bayes algorithm using the

Stacking technique, can provide prediction results with an accuracy of 99.77% and a precision of 88.59%.

Keywords: Cybersecurity, Cyber intrusion, Machine learning
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4) /A uun1sive
4.1) yadeyanlylun153ve (Dataset)

£
a va o

Tumsideluessliidelinusiurudeyaanssuunsn

Y

Jumsynsnmsleiuesvesgudleeinesine1nie 1iedn

[

lugadoya [3] dwsuihluinaeuluena wagldvinnis

v v
o v

JUNDUAIU 1)

@

1a 4 fnIu

dnnsougndoy 191aN1595139
NABNTIABTIINTTUUATIVFUNITYNINN1eleiues (IDS)

2) JuiinUeyagsruuneuiiimesluguwuuves System Log

U

U 2 Y

(Syslog) 3) Tuiinteyaiingsvuugiudeya (database server)
4) uuastayavainguuuy System Log lriegluguuuund
1n59a579 (normalization) 5) Suunussinndennmslaiues

(classification) 6) dseyasendugedeya [15] uanaiazuil 6

2

Database
IDS > Syslog >
Server
|
@ @
\ -
Normalization »| Classification » Dataset

JUN 6 : M3dnweuyndeya (dataset)

MU 6 MlERTElsndeyansmsaadumsyngamis
lawuasueanasine1ne (RTAF Dataset) 31u3u 9 wonvisdas
Lamaa1eil 1 wazdoyadunm fagui 7

fiteyanisnsrndunmsuninmdlelussvenasineinie
U 948,757 519n15 wusnulssiandeanaumsleiues

FHINNT19N 2

= = aa ¢
AN 1 YBUBANITUIR

aau Houanuidnd sz
1 Classify Discrete

2 Datetime Discrete

3 Des_ip Discrete

4 Des_port Discrete

5 Priority Discrete

6 Protocol Discrete

7 Source_ip Discrete
Source_port Discrete

9 Type Discrete

100

RowNo.  Datetime Classify Priority Source_ip Sourca_port  Des_ip

2022-1121 082801000

PotentayBad .. 2

10253670 12987 112020

2022-1121 082802000 1022610622 60198 68.97.45.183

3 20221121 082802000 1010772180 58354 110,48 207,181

2 2022-11210826:02000 102253948 50298 112,48 207181

20221121 092802000 1040772960 59384 119,48 207,161

6 20221121 092602000 TP 10.23360.169 11246207161

2022.1121 082802000 102243810

R2L

] 20221121 092802000 6241160254 10.107.198.100

8241160254

10.107.198.108

10,107 198,109

10107 198108 6328

10.107 128,108

10,107 198,100

TeP 8241160254 10.107.108.109

arogper

ExampleSe (348 757 axamples. 0 50

JUN 7 : Toyadunn

A13°99 2 : Usskanuazduaudeanaumilsues

Uszndeanaamneleiues RRive! dnsndu
Normal 5,319 0.5606%
Bitcoin 5,782 0.6094%
botnet 484 0.0510%

compromise 171 0.0180%
data_leak 515 0.0543%
dropper 53,529 5.6420%
Injection 14,831 1.5632%
phishing_Email 2,613 0.2754%
phishing web 2,268 0.2390%
probe 690 0.0727%
R2L 96,175 10.1369%
trojan 622 0.0656%
UZR 2,359 0.2486%
warning 676,254 71.2779%
Web_ Malware 87,124 9.1830%
worm 12 0.0013%
XSS 9 0.0009%

U 948,757 100%

4.2) msinseudeya (Data Preparation)

FWelinmswSeudeyalinuivanuaznisAniien

v

AMANUUEUDYA

e eX2p¢

(feature selection) ﬁﬁmmmamqmw%’au
Falweglugunuuihluldausamiulusunsy RapidMiner
Studio dmunisiunandnuuekanisviiune Tuildls
fvuslsussianfonnaumslees Tufeusnvizan Type
\uaainudethe (abel) mniurhnisutengudoyaiiio
MAgaU (cross-validation) #3838 10-fold cross-validation
Mntuntsdoyasendu 2 daufle dauusnlddmiunis

AnapuiialidanesniuiinnisiSeus (train set) uazdiui



@09l Ud 1S UNSNAaRUsanasTY (test set) AATUININTS
nageulnunsilisugadeyanaaou fausdud 11Juyn

naaeuuazaINd 2 i 9 Wugadmsunisiseuilvauin

v

nadauduil 10 wazdiudl 1 81 9 \Wuyadmsunisndous

Y

d

LIBYNAUATU 10 AT WATUNIANAINULUUYDINITNYINTUN

laauauIAaaY [20]

4.3) maasnluwansiadunisyngnnloivesuvuisealnad

= P =

FENT5ISYUTYDNAS DY

v
v

el Ruldailunansnduioanamunidleues
[21]-[27] lunewinemesnensieuivesaies Aumada
nsBoufveanies {Iduldmumuissunssuifetesiu
nsasslueansandunsungmdleesiuuisalngdeie
nsi3euiveanseauuusmng lnsidenmadanisious
wuunguuuulnin asud wselden (voting) Way Stacked
Generalization (stacking) snUszgnld arnifuinisussdiu
wazlUTBULE UAULLUTDILAAZ §aN DI ANUIZLANGAN 9
mntuiwafldnnmaiengigindnlvaissuunsaiy
msyngrmsliuesuuuissalvsisnensiSeuivoadomy
fupou ansnsnodureduneuldied

n1sasaluea (model building) {338 laasnslaumanis
Boufveasdouuiiffasusislusunsu RapidMiner Studio
Junslddane3fiunisduundeyanisunin ¢ daneiu
Usznaunlgeanasyiy Decision Tree, Naive Bayes, Random
Forest waig Gradient Boosted Trees ﬁUﬁﬂ%@gamsm’Jﬁ]
Jun1syngnmeleluasveenerine1nie (RTAF Dataset)
Wlelpuifisunuuiureusazdanesfiuseaunisinen
AL (accuracy) AAYITIEs (precision) ANANSEEN
(recall) wazAANUEaRA (F1-score) [28] uamaaguil 8

Nty drensUsndusssioudiisuamiuusiures
Janosfiu ilovndanesfiunsduuniegnaumalsiuesd
Afgaluaaduliuaalnl feomedansFouiveanies
wuuTINNgH [18] nan1suseiiiunaziuTeuliisuaiuuiy
YDuusardanesiyu wudl 8anesiiu Gradient Boosted Trees

Ya o =

AIANNNLY LagA1ANNgaNAgn §ITeTandanesiy
senanalulfiludanasiiundniioadradulumalunidoe
wAANTITEUIVRUATBMUUTINNGUAU 3 BaneSTund

JuURUTIaI WeUseliuwazilSauiisulseansanluna
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NFUNITINAIAURLY LALAIMINULTLINANARN UAAIea

a
UN 9
Y
Dataset
Selection
¢7 Preparation —l
Test Set Train Set
Comparing Algorithms
Decision Tree, Naive Bayes,
Random Forest,
Gradient Boosted Trees
» Best Algorithms €

Proposed Model

a a v o s a s
E‘U‘W 8: LLNUQNﬂWﬁﬁﬁNIMLﬂﬁ(ﬂﬁ']‘ﬂ‘ﬂUﬂ'ﬁ‘qﬂiﬂ%ﬁﬂlﬂjLU@ﬁLLUULﬁﬂﬁlWM

AYNTFEUIVRAATEN

‘ Data Preparation ‘

h 4

‘ Gradient Boosted Trees ‘ ‘ Decision Tree ‘

‘ Gradient Boosted Trees ‘ ‘ Naive Bayes ‘

‘ Gradient Boosted Trees ‘ ‘ Random Forest ‘ ‘

Classification Algorithm
v
‘ 10 fold ‘
Cross-Validation

v

‘ Compare and Evaluation ‘

Proposed Model

UM 9 ¢ unuglimsasslieansiadunisyninmslewesuuutalnl

AUNNTEEUIVRAUATRILUUTIUNGY

4.4) nysUssdulsyansnimyealuina (Model Evaluation)
ARdulavinisyssiliudseansninlues medanasiiy
st uundeaneamdlawoiits 4 Sana3iiy Ussnaudas
9anasyiy Decision Tree, Naive Bayes, Random Forest gy
Gradient Boosted Trees kazUsziiiuuszaniainlung
nsduseanaumaluvediemaianisGouiveanies
WUUTINNEN AUYAtayan1snTIaTunIsungnnsleiues

989n89yne1n1A (RTAF Dataset) Nlg@unisinA1aIuLdy
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ANAIULIEY A1AIINTERN WATAIAINEI9RE [29], [30]

AINFUNITN (2)—(5) At
TP+ TN
TP + FN + FP + TN

P
TP + FP
TP

TP+ FN

Accuracy =

2

Precision =

(3)

Recall = (4)

Precision X Recall

F1-Score = 25 o ion + Recall

(5)
lngi
True Positive (TP)  fi Yeyailvimnegnaes Welieuiuiaag

False Positive (FP) f® Jauanvinunswailinndad Wewieu

Y Y

o

NUAY

N 1

True Negative (TN) o Yeyafioglutaasuslifinisviuneg
(538AU FN)

Precision fle AAafisafinainnisian TP anifieuiu FP
Recall A9 ArMIMsEANAANASIIAT TP Siiguiu FN
F1-Score Ao AaAeuas Precision uaw Recall
4.5) N1599AUUUTLUUATIITUNITYNTINIlBivasuuy
Sealnidaenisisouivounios

Aidulavenuuuszuunsadunsynsnnidleuesiuy
FealnifensBouivearios dmsuidiuaienudungs
wazdivsyansamiunissnwanuiuacasaselavesly
09KnT MuNIEUILMITRUTENFLIS (SDLC) 6 Tumausis
seldil

4.5.1) n7353799U34 (Planning) AN TIUTIM NANTIATIZN
foanenu wagdaneifiuidauangas

4.5.2) M53ATI£9%AINNDINIT (Analysis) #aUnINAIIL
AnviuandujuRnulugudensnismsleues gudlaues
nevmen1A antunAeseiiiterhanudla uay
ANNUATDULYN

4.5.3) n1599nUUY (Design) UNaN19ILATIZRAIIY
ADINT maammuswuﬁgﬂumumaa;ﬂ%’mu (front-end)

o

fudiumuAunsUsEINana (back-end) uazdiulouse
fuszuukaniuaeutaya (REST API)
4.5.4) n59iad7 (Implementation) WSz UUNLINT

Weuseoludiseuunandsudaya (REST API) 9101

102

v =l

FoyanlaanszuudnaudiauslusuwuuvesIunvie
Jaya (data visualization)

4.5.5) n135maey (Testing) NARDUTIUNNTDIVDITEUY
AIUNTTUIUNITNAGBULIDNALIS (Software Testing Life
Cycle: STLO) wteliuiladnssuvanunsavinulsiognagnaes

4.5.6) 115U71593n91 (Maintenance) ¥1593nw18E190
\dlos leudletymilonaazifindu Usznaudie n1ssuian
s2UUU RS Mmeduianszuugutena uasiisnsyavamm

Vo353 UUUURNIS

5) NANN539Y

5.1) HamsUsziuuaziUSEUIg UUsE 150 WA 1Y
ugazdanasial

AIulaldgndoyanisnsradunisyngnmeleiuesves
nowinerna daduyadeyaanzuazfuyadoyaiiunain
Foyaaze Yndnszuiunsainalunansaatunisyninni
leesuvuiBealnsidenisifeuivoundasselusunsy
RapidMiner Studio feinadian1sieuiveaaios uagld
ganesiunsdnuundeyansynin 4 dane3iiu Usenaume
dane39i Decision Tree, Naive Bayes, Random Forest L
Gradient Boosted Trees tilouszifiunagziuiouifivuainy
wiurassazdanasiy tngldaunisinianuwiy AR
e AAnusEAn uagArPMaRNA AnIauAnINTUTEL

WAz USeUEUUSEANTAIN AIRI5199 3

A15197 3 : MsUsziliusaziSuiisulssansnmaulsuYes

9anesNuye 4 danasyiy

Fi1-
Accuracy | Precision | Recall
Algorithms Score
(%) (%) (%)
(%)
Decision Tree 94.98 79.65 58.12 67.20
Naive Bayes 98.11 72.26 94.28 81.81
Random
94.98 80.06 58.04 67.29
Forest
Gradient
99.07 80.24 71.48 75.61
Boosted Trees

1915199 3 wanswani1sUsEiiuNaLaz S e uLigu

UsednSnmuesdanasfiume 4 sanesfiuanunsoagulanad



Sane37iu Gradient Boosted Trees fAnLaduai1uusiy
wihiuSesaz 99.07 Analuanuiies whiudesas 80.24
Andueuszan wirfuiesay 7148 wavAnndenunna
winiuSesay 75.61
Sane37lu Naive Bayes faaduanuwiu whiudosas
98.11 AnaduAufins wirtudesas 72.26 AadsAIL
s¥dn wihiudesay 94.28 LazARABALaAA WY
Sovaz 81.81

Sana37iu Random Forest fiAadsanuualy Wiy
Soray 94.98 Apduauiiies wihiuSesas 80.06 ALady
ANTEEn Winufesas 58.04 LazA1laRsANLNNa
Wwiniuseeag 67.29

Sane37iu Decision Tree fiAnadsa1nuniy Wiy

Seway 90.98 ARABANUTIEY WinnUSaeay 79.65 ARAY

'
' a

NI

9
o

AUTEAN iduTesar 58.12 ua 8A1UE90]

Windusoway 67.20 azilu dane3iundaadsauLiy
wazARAEANUTEIanfe sanesiiu Gradient Boosted

Trees

v A 1Y

@f{‘fadﬂvlﬁ ALAandanesviy Gradient Boosted Trees 7

fidnanuwiu wasArruissiigegalUlddudanesiundn
dmivaiissruunsiadunsyngnmsleiuesuuuisealng
fensiieuireaases dmsudtuainuudunsuasd

UszAnsNnaunssnwanusunsUasnselauasiusanng
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MntuhwansnsUseiudsyans g aaedanesiy
nssuundeaneumslouesiiaian laadulunalv
ﬁaaL%ﬂﬁﬂﬂmﬁauﬁﬂua«,ﬂ%aaqummf:ju [16]-[18] fiu
9anasyiu 3 9anasyiu Usenaumedanasyiy Decision Tree,
Naive Bayes waz Random Forest WieUssiiuuazilFoudiou
Auwluvesusazsanesfiu MldaunisinAnanuuliy A1
AL fagudt 10

mﬂgﬂﬁ 10 4anan15a319lunansIFUNITYNINNN
loesuvuidealnildenisiouiveaadssuuusaungy
Uszneude 3 dw §ail

g 1 nsund1deya (input) Men1sandudeyanis
35195M9ReLRIAS RS st ERsNRDSluBIANS
‘i]']ﬂﬁ?uﬁ”lﬂ’li‘\%LLuﬂUi%LﬂVIﬁEJﬂﬂﬂ’]MVlNVLSUL‘UEJ’% Anturi

v ~

nsuusngudeyaiitenaasuieds 10-fold cross-validation
wazuUsadeyasonidu 2 diufe Train Set uay Test Set
duusnlddmiunsiinasuiiielvisaneifiuianisdous
duftaodlddmiumavnaeusanesiiu mntuinmannadey
Tnensisugadoyanaaeu il I¥Eudusidnd 1
yavaaeuLazaId 2 fa 9 WugadmiumsBeusluauds
yavagoudLil 10 wazdnd 1 fv 9 Wuyadmiumsidous
oviauasu 10 et wazthAnnuusiueansneInsaid

eanuaUImMIALREY

wuvaya (Input)

o e 9

nszudunsaslanayseifiuuay
WSeuiisuauutiug1vRIuAas

2anasiiu (Process)

@19W; (Output)

MsAnlunaRUUT NG

ndufayan1Iaami
ARNARRT

mstlnlaag

Gradient Boosted Trees

Decision Tree

v

Naive Bayes

MNuunszinndagnneloue s

Naive Bayes

v

Random Forest

naaaLUlszaninniuea

v

Gradient Boosted Trees

UUUTINNGN

v

nswlingudaya

v

NaNTTUIzIluU sz ANENN

nsdezilue=@nsinan

TAALUUTINNGN

YBNDANDINY |
|

JUT 10 : MeatslinansradunsyngnnaleuesuuuBealndmenisiSeuiveaaieanuusiungs
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d7uf 2 nsas1elueatieuseeiuuseansainves

dane3fiy lneindeyanlimseuliludiun 1 luassluea

v
o o

NUUYNSENLeaaNUUTININsUSTIuLaziUS s uLigu

UseANSNIn ¥999anaSTune 4 9anasyy Usenaunie

'3

lawuesiniign 2 suduliasradulumanuusiungy nans
7AADUUTEANTNNVDIDANDINUNUI Bane37u Gradient
Boosted Trees flAnasnnukiy 5ouay 99.07 wazALRae

ALY Souay 80.24 wagdanasfiu Naive Bayes

Decision Tree, Naive Bayes, Random Forest e Gradient

dAefgAINULLY SpeaY

98.11 LALALRALAINULTNY

[ 4 % '/L s ¥ | & @ (3 L2 a = 5
Boosted Trees ﬂ‘U‘Qﬂ‘U@Qﬁﬂ?iﬁ]i’l%’«]“uﬂ?i‘igﬂjﬂﬁ/l’]ﬂ BLUDT Jo8ay 72.26 vUuLUBg L‘U‘L!G]Qﬂ?jﬂ%? NBANBINUINUA
@ A A Y a e ° Y 1Y =
VDINDANNDINA LWBLABDNDANDINUNITALLUNA YANAIUNIN ANRT NN 4
Row No. Datetime Classify Priority Protocol Source_ip Source_port Des_ip Des_port prediction(Type)
1 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.72.180 58364 119.46.207.161 80 warning
2 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy... 1 TCP 8.241.160.254 80 10.107.198.109 63268 dropper
3 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.184.210 55982 119.46.207.161 80 warning
4 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.229.6.27 57600 103.235.46.245 80 Injection
5 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.184.210 56082 119.46.207.161 80 warning
6 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy... 1 TCP 10.233.73.207 48636 142.250.199.35 80 Web_Malware
7 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.225.36.70 13000 58.97.45.193 80 warning
8 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.72.180 58554 119.46.207.161 80 warning
9 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.225.39.48 50486 119.46.207.161 80 warning
10 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.72.180 58403 119.46.207.161 80 warning
" Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.107.72.180 58413 119.46.207.161 80 warning
12 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy ... 1 TCP 10.228.255.114 52791 188.172.208.135 80 R2L
13 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy ... 1 TCP 10.224.38.10 57007 37.252.244158 80 R2L
14 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.235.224.75 9993 119.46.126.79 80 warning
15 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.229.6.27 58080 103.235.46.245 80 Injection
16 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.235.224.75 9993 119.46.126.79 80 warning
17 Nov 21,2022 9:28:02 AMICT  Potentially Bad Traffic 2 TCP 10.233.69.169 8127 119.46.207.161 80 warning
18 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy ... 1 TCP 10.224.38.10 56879 185.188.325 80 R2L
19 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy... 1 TCP 10.228.255.114 52791 188.172.208.135 80 R2L
20 Nov 21,2022 9:28:02 AMICT  Potential Corporate Privacy ... 1 TCP 10.226.184.162 7804 172.67.75.166 80 R2L
= s
JUN 11 : wateeawe
Classify
Protocol Protocol
Desip <D classity Des_port
Des ip Des ip Des ip Source_ip Classify Des ip
Des_ip L Des_ip Source_port Des_ip Des_ip Des_ip Classity Saurce_ip Des_ip Des_p Source_port

0.160 0141 0.160 0,006 0.148 0.083 0.158 0.099 0.160 oon 0.010 0.160 -0.010 .004 .010 0.008 0.160 0.005 4.010 -0.008

s

JUN 12 : dwiuanuddnyveenysdog
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M5 4 : Nan15UTEEILLAEIUTEUTEUAIULINY B98N TINLUUTINNGY

Voting Stacking
Algorithms Accuracy Precision Recall F1-Score | Accuracy Precision Recall | F1-Score

(%) (%) (%) (%) (%) (%) (%) (%)
Gradient Boosted Trees

95.04 76.11 52.26 61.97 99.51 81.00 77.67 79.30
+ Decision Tree
Gradient Boosted

98.99 80.03 71.20 75.36 99.77 88.59 85.90 87.22
Trees + Naive Bayes
Gradient Boosted Trees

95.06 75.83 52.49 62.04 99.51 81.20 78.31 79.73
+ Random Forest

a

dui 3 Le1ne (output) WdaneIiNINaNITUTELEIY

ac Ao a

waztUSouiisunuiuYeILAaz danesiu AL

I3

' i = I3 s <
LY wazAIANNnes WuUasigunded

v o9

Gradient Boosted Trees uazeane3yiu Naive Bayes lUadns

2 dUFU Aadanesyid

lieanuuriungudelsunsa RapidMiner Studio 89
Hulvsunsuilddmiunmengideyauaznsioudves
\nsesifimnuanansalunsUssananateyauazaiisluing
meadnlagliifosiivnvznsifeulusunsy 91ndurinas
UszidiulazTouiiouninuuduvesisagdanasiuLuy
sunguitldaunisiadianuuiiu Aranuiies dvaaw
588N wagA1AINaIIna [29], [30] AuaNn15h (2)-(5)
sufuansnatodnndenonn3tad “prediction(Type)”
Faguil 11 uazuansddumNd Ay YRS faguil 12

N3V 12 wansdrduanuddnueuenvi3dod wui
Lean3Tad Classify Tanudrfguiniign sesasunfe
womn309% Protocol

MNP 4 ayunamsUssiuiazsUSsuiieua L
vpsdanesiuuuusaungs ¢l Sane3iiu Gradient Boosted
Trees v1N91u3AUSaN037L Decision Tree ldnasinng
Voting fAmdsanuutuniniudesay 95.04 Anadeainy
ies wiriuFesay 76.11 Anadeausydn winiuSesay

52.26 UazAaaunnuana wiiuTesar 61.97 uay Stacking

'
a

fianedvanuuy wirtudosas 99.51 Anadsnaudies
wihiuSosas 81.00 AeAsAusEan WihiuSesay 77.67
LazANRABANNENAA WiuTesay 79.30

danes7iu Gradient Boosted Trees Yiausmiusanas iy
Naive Bayes ldinafianns Voting fifniadsmuuiu wifiu

Seway 98.99 AnaauANUILY WNAUSasay 80.03 ALRAY

105

ANsEdn Wirudesar 71.20 wazAladsaunema
wirifudosay 75.36 uaw Stacking SlAadsmuuly whiy
Lovay 99.77 Aaduauiiios wihiudeuas 88.59 ALady
AwNsEdn wirudesay 85.90 LarAladsANnega
WwiniuSeuay 87.22

danes7iu Gradient Boosted Trees Yinusmiudanasvis
Random Forest 1§nafian1s Voting fiA1adsAa1uuwsl
wihiuSosas 95.06 Anaduanudios wihiusewas 75.83
AadsnusEan wiiuSesar 52.49 uasAnaiunlny
fhana wihfu¥esas 62.04 uag Stacking SiAdsauusiy
wihiuSosay 99.51 Anaduanudios wihiusewas 81.20
AadenusEan WiiuSesas 78.31 uasAnaiunlny
f9nA Seuay 79.73

uansran1sUsEiliulaziUSsuisuauLluYesunay
ganasuwuUTINNGY senitunaia Voting hazinadla

Stacking FagUl 13 wagguil 14 sugndiu

100 95.04 98.99 95.06
&

80.03
7611 ]
© 7583 7120 7536
6197 [ 6204

o 5226 | 5249

a0

20

0

Recall (%)

Percentage (%)

Accuracy (%) Precision (%) Fl-Seore (%)

I Gradient Boosted Trees + Decision Tree J Gradient Boosted Trees + Naive Bayes | Gradient Boosted Trees + Random Forest

JUT 13 : mansUssilulazilSeuiisuanuuliuvewsiazdanasnu

wuuTIngumemnata Voting



87.22
79.30 I

Fi-Scare (%)

81.00 8120

Precision (%)
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| I |
o I I
Recall (%)

Accuracy (3)

7831 7973

Percentage (%)

B Gradient Boosted Trees + Decision Tree J Gradient Boosted Trees + Naive Bayes | Gradient Boosted Trees + Random Forest

JUN 14 : mansUsEliulasilSeuiisuauusiureusdasdanasiiy

wuuTINgUsemnATla Stacking

NNaNTITUTTINLAzIUSBUTIBUAI NI U ILsAY
danasfiuwuuTINNgumewWalla Stacking wuindanasiiy
Gradient Boosted Trees ¥141u53uiudana3fny Naive
Bayes liuszavisnmgean siradeanuutiu fevaz 99.77
warAnadunLdies fovay 88.59 drumaila Voting Al
Uszansamgegmiduiuidlel#8ane3iu Gradient Boosted
Trees ¥eusaufusaneasiiu Naive Bayes Sianadsniny
wiu $ovay 98.99 uavAadumuiios fovay 80.03 iy
N3a39lAALUUTINNGNAIEEANBS 1Y Gradient Boosted
Trees 191U A USaNDTAY Naive Bayes AlgLnAila
Stacking Ivinan1sUsziliuUseansnmgeanlunisiuiens
dlewSsuiiisutumeiingu o

mntuidelddilumaiinunssdueasuio
UsganSnmgegn luvhasaduszuunsindunisyngnnig

lywesuvuisealnimensioudveaasesdmiviasuasng

P
o
1

AMULTILNTILaETUsEANS A INA1UNISTNEIALTUAS
Uaandeloiuasluadans AunseuIUNISRAILTONALIS

(SDLQO)

5.2) Han 599N UUTTUUATIITUNITYN TN N ITva Uy
FoalnimemaSeuiveunso
ideilumafifinamsuszdiulasiUSeudiouyszavsam
Immagqqmiumﬁ%’aiuﬂ%y’qﬁ Ui lunansaadunsyngn
malsivesuuuFealnisemsiFouveaiouuusungy
5¥13198an8391Y Gradient Boosted Trees iudanaifiu
Naive Bayes fiaginaila Stacking Tinani1suszifiunaz
Wiguiigulsganinmlueaasan {i3edudluenaiing

lasraduszuunsiadunisyngnmeleivesuuuisealngl

106

fensiseudreneses dnsuiaduasiennuudunsauasd
Usgdnsnminunssnnanuduasaendelaiuesiuasing

Felun133deluassliiidelaeenuuussuu dsgun 15

777777777777777777777777777777777777777777777777777777777777777

o 7

RTAF Dataset Feature Selection

0

©

I
| Process 6

Model Building

=]

Ensemble MethogE

I_'_I

|
|
|
|
|
|
|
|
|
|
L__

Back-end 6

Network Traffic

|
Front-end @ @ L

Users

Dashboard

JUT 15 : mamseenuuusEuUnTRdumsynnmsleivesiuy

a 5 v = % =
LﬁEJalV]llﬂ?EJﬂ’]iLﬁEJ‘lJ?UENLﬂi?N

1n3U7 15 wansanuduiusueanszuIunsnsIady
nsyngnmsletuesuvuiBealnsidenisifeuiveunios
dmiuiasuadannuudaunsnazivszdnsaindiunis
SnwanusiunsUaendelaveslussdng eglsi szuui
Usznauneduuseneuiiinifiunnsnetu 5 daudeluid

daudl 1 Input Ao Funsumsthdeyaiildannisdniy
1oYaN139519INNABUAIABTIINTFUUATITUAITYNIN
nalgiuas (IDS) vesrudleiuasnasineniadgszuy
(mnewan 1) Minturhnsdaidenaudnuasdeya (feature
selection) 1ilevinsidendeyafifinuanuaziinsaniny
ABINTVDINTOBNUUY (HN8LaY 2) mnﬁ?uﬁwmmﬂqneju
Joya (data preparation) \ievinsnaaeudaeds 10-fold
cross-validation d1agutsteyasenidu 2 drude Train
Set way Test Set 81w 10 dawwin 9 fu Taensivdsy
Yntoyanaaou Fausteudl 1 uremeaeunazaui 2 fs
9 1Huyadmiunisiiousluauisyanaasudiui 10 uay
il 1 8 9 WWuadmuniadoud ievhaunsu 10 ass
uazthArLusiugeINs wernaifldiammnmeaiad

(BU8LaY 3)



@il 2 Process Lunszuaumsaislunansiadunis
yngnmaletuesuuuiSealnifienisSouivesaiesse
TUsun sy RapidMiner Studio az149ana3fiun1sdnuun
Toyan1synIn 4 dane3fiu Usenaumesanesiiu Decision
Tree, Naive Bayes, Random Forest Wag Gradient Boosted
Trees UazUszdlulaglUS sUMEUANIUILTRA Az ANeS X
(maneiay 4) Mntuaidneaussamleuia 9ndaneiiiu
fiaUsiflutasiUSsuiisumnuusiuvesusazsanesiud
gsgalulvaaduluealvidnemadansiSeuiveeios
WUUTINNGY wazn1TUseiliukasUSuLiiuUseansam
Luna (Mungiaw 5)

gl 3 Output WunszvuMsluaafivhmsesnuuy
wazn1sUsziluuaziuTeueuUssansnmluinaiseusey
wilvegluguuuuneuluinis muneiav 6) uazads
gudeyailoifiunanisnsadunisyngamaletuesiuy
BoalvsishensBeuivesaiesuuusungy (neiav 9)

dwil 4 Back-End 1lunszuaumssndudoyanisasnas
MIABNIIADTIINTEUUATIVFUNITUNINMISLBLULT (IDS)
(Mg 7) mﬂﬁy'uﬂ’]‘ﬁa;&aﬁaﬂéndalﬂé’qizwuamﬂ?{au
fosa (REST APD (nanetaw 8) tilevinsiiaszsivsziam
msyngnvnslatued l519gnui szuulanideudeyaazi

Y o’ o d' o ' o
NBUMN LﬂumaﬂaqﬂluﬂqiLLaﬂLUa ﬂuwaﬂuaigquﬁiuLﬂaﬂUig‘UU

Dashboard

= & akgeln maonue

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

uanidsudoyannduimaildinnisieseivssamms
ynynnslavesiuifuiuiinlilugudeya (result) e
9) daegludiuves Output

dwil 5 FrontEnd WWudnvesldnuszuu neiay 10)
naFe Fiildnuszuuasinstuduianu (authentication)
ey 11) ilensadeuaniniadldnussuy mnduils
azidgniman (dashboard) (Manelay 12) U458 UUATIA
Fumsyngnmisletuesuvuisualmisenisisouivenades
dmsuasuadannuudunsawaziivszdniameiunis
Snweiunsasadolees lussdns faguil 16

NN3UT 16 wansvihszuunsIItunsyngnmsleiue’
wuuiFealnsidnenisiieudvesades Usznausediuves
Foyansyngnmaluivesluguuuuidunan (timeline) 9
wanealluseundl duvesussiannisyngnnisleiues
(attacks type) wansloyaainnisIAsIEinIsynInnIsle
weslaeduunauussinnnisyungnmnleiues

drunansdeanmundlaiussuenaudiuauyseannis
ungnvnalaiues (top attacks type) Be9anungalutay

@

gaauadu uazdiuansaifdoanaunsleiuesuenany
q

13U IP Address fifinsungnnnalaiues (top source IP

address) MiFeenunnanlulesan aua1du

A rhinnimnadn B Logie

diaya Log s1e4 180 | 2022-08-21-13

= afuyga Leg viardiTug
Timeline
= alaya lop sariu s

& daun Log imdan
U P Address Vi

¥R Acklrens

- =
: P e
II ‘II “I

i
" .
- M

Wl A

.

:A.'I

Attacks Type

Tep Source P Addesss
5743 1 102351563 =1

1010T.7R3L &30

web_Malware

AL 1955

WOMAR S

ngctian A

phishing_Emall ™ 10224.47.0L 5e0

Bl ¥ B 102270283

JUT 16 : szuunTdunsyngnmslevesuuGealniiensteuivennies

107



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

6) asUiazanusuna

v
Ay vawo

JTUTVYUNI

U

LiviN15AUTIUTINToYAIINTEUUATI

FUNISUNINMelELUes YA luluasnaineInIA wile

q q Y

$nvinumndeya mnduinnaefendeyalinzaude
nsidendeyadifimnumnzanludalveglusuuiuuiignies
dielanunsaudrluldsaufulusunsy RapidMiner Studio
mﬂﬁf’uﬁ/‘hmmﬂmajm%a;ﬂaLﬁaﬁwmimaauﬁw'ﬁ% 10-fold
cross-validation S?jﬁﬁ]zLLﬂﬁsﬁa;JuaaaﬂLﬂu 2 @1ufe Train Set
way Test Set 91UU 10 @19 AU ndurnisadna
Tuwansadumsyninmslauasiuuisealnlsmensou;
Y04.A309818TUsWNSY RapidMiner Studio #edanesiiu
nsPuuUNteyanIsunIn 4 danesiiu Usznaumedaneinu
Decision Tree, Naive Bayes, Random Forest i8¢ Gradient
Boosted Trees \floUszidiunagziuiouiisuninuutiuvadus
avdanesfiuayldaunsinanruusiy wazaanufisady

°

80 InUBLINAN1sUSELIULaTiUS 8 UL iBuUSEaNS AW

a=x adad

FNUNANER

q

a o

9ane AD 9ane3iy Gradient Boosted Trees
Wahausanesilmishemadanisi3ouveanissuuy
sngy fudane3iiu 3 Sane3iu ieUseidunaziuoy
Wieuanuuiuvewiasdanesiiuwuusungy tngldaunis
TnFnAuiy uazAALLTesiRTian

HaMITenUI1 Naideansandunsungnaleues
wuuBsalniifensiFeudveaaisauuuniungueitng
1dana3fiu Gradient Boosted Trees vinusiuiudanesiiy
Naive Bayes faeinaila Stacking dnan1suseidunaziuseu
WeulszavBamgegailaSeuiisuiumaiadumaiina
ey 9nduthdanesfiu Gradient Boosted Trees fu
dane37u Naive Bayes funaila Stacking luas1alussuu
aadunsuninnslsiuesiuussalniienisiseuives
1n3es dmfuiaiuainsanuudaunsuasiusyansaingy
mssnunnasiuasaendsluueslussing Usznoude 5
drumdn Feteludl 1) Input WWun1sthdeyadldannisdn
FUtoyaNTITITVNABUNAADTIINTEUUATIATUNITYNIN
milmuasves Audleiueinasinenniedingssuu 2) Process
Junsadilumansiadunisyngnmalewvesuuudealng
funnsiisuivennieanelusunsy RapidMiner Studio
3) Output 1unsilumaivhnseenuuuuazMsUssidiy

wazilSeuisulssavsnmlunaseusesudilviegluguuuy

108

wFeuliu3nig wavadepudeyaiiieiiuranisnsiaduns
yngnvsleiues 4) Back-End 1Wunsandudeyanisesas
NIRBLImEIINITUUATIITUNSYNINslaiues 91Nl

o v |

hifeyadsldeszuuuaniUdsudeya (REST AP) iilevinns
Rergissammsyngnnidleved ntussuusanddeu
Foyaazvimihidusnandunisuaniasudeyaszuing
Tunatussuuuanidsudeyenniuimaildannsinsmet
Uszstammsyngnyndlsiuesluifutuiinlilugiudeya Jeeg
Tuduwes Output wae 5) Front-End Wudnwesldnussuy
tufe fidnldnussuuagyinnsBudusiing (authentication)

Wiensaaeuansnsiildauszuy antuieasidignin

yan (dashboard)

7) UDlEuBLUY
ndileinisIdeisessyuunsIndunisungnmsleiues
wuuiSealndilen1siseuivesaies dmiuidtuainmiy

|
a £% [ o

LL‘ﬁﬂ unsuaziuszansnINAIUnITTNEIANNTUAIUaRSY

va v

luvesluesdng {3deldfideiausuuziiininde luniseen
wuulmanuuiungy fideladenldmeatianisasiduna
wuusImngqusiemaia Voting way Stacking ae1slsfnu
Hensiidnuaremaiafidnidefiaulaarunsadunldlunis

afsluwawuusaungulasnluswian

naRnssuUsENIe

veveunszAn Audleiuesnosinernia fldatuayu
ToYaN139T1ATNNABUNIAADS IINTFUUATIITUNITYNTN
miloues edavindugadeyanisnsratunisyngma
lwiuesueinesinern A LarUeNTIVYOUARL YNUBNTET
U3 wae1n1ens Mans1ansed asUsvasd Usdlananss
dindadinAne lsaSeuuneiseaInAdungsses sy
wazauzinauilidUinw atfuayy uazuugzinaen

4

szezalunsinenidenssl auduialdedvauysal

REFERENCES
[1]  National Cyber Security Agency, “Cyber Threat Statistics,”
2023. [Online]. Available https://ncsa.or.th/service-statis

tics.html



Royal Thai Air Force, “Royal Thai air force strategy for 20 years
(B.E. 2561-2580) (revised version),” 2020. [Online]. Available:
https://welcome-page.rtaf.mi.th/blog/e-ksaarephyaephr-11/
yuththsaastrk-ngthaph-aakaas-20-pii-ph-s-2561-2580-38

A. H. Janabi, T. Kanakis, and M. Johnson, “Overhead reduction
technique for software-defined network based intrusion
detection systems,” IEEE Access, vol. 10, pp. 66481-66491,
2022.

A.S. A. Aziz, S. E-O. Hanafi, and A. E. Hassanien, “Comparison
of classification techniques applied for network intrusion
detection and classification,” J. Appl. Logic, vol. 24, pp. 109-
118, Nov. 2017.

G. Karatas, O. Demir, and O. K. Sahingoz, “Increasing the
performance of machine learning-based IDSs on an
imbalanced and up-to-date dataset,” IEEE Access, vol. 8,
pp. 32150-32162, 2020.

A. Khraisat, I. Gondal, P. Vamplew, and J. Kamruzzaman,
“Survey of intrusion detection systems: techniques, datasets
and challenges,” Cybersecurity, vol. 2, no. 1, 2019, Art. no.
20, doi: 10.1186/s42400-019-0038-7.

T. A. Alamiedy, M. Anbar, A. K. Al-Ani, B. N. Al-Tamimi, and
N. Faleh, “Review on feature selection algorithms for
anomaly-based intrusion detection system,” in Proc. 3rd
Int. Conf. Reliable Inf. and Commun. Technol., Kuala
Lumpur, Malaysia, Jun. 2018, pp. 605-619.

l. Garcia-Magarino, G. Gray, R. Lacuesta, and J. Lloret,
“Survivability strategies for emerging wireless networks
with data mining techniques: a case study with NetLogo and
RapidMiner,” IEEE Access, vol. 6, pp. 27958-27970, 2018.
A. Karim, M. Shahroz, K. Mustofa, S. B. Belhaouari, and S. R.
K. Joga, “Phishing detection system through hybrid machine
learning based on URL,” IEEE Access, vol. 11, pp. 36805-
36822, 2023.

T. M. Mitchell, Machine Learning. New York, NY, USA:
McGraw-Hill, 1997.

H. Yin, M. Xue, Y. Xiao, K. Xia, and G. Yu, “Intrusion detection
classification model on an improved k-dependence Bayesian
network,” [EEE Access, vol. 7, pp. 157555-157563, 2019.

L. Jian and K-T. Chau, “Analytical calculation of magnetic
field distribution in coaxial magnetic gears,” Prog. Electromagn.
Res., vol. 92, pp. 1-16, 2009.

N. Mahdi Abdulkareem and A. M. Abdulazeez, “Machine
learning classification based on random forest algorithm: A

review,” Int. J. Sci. Bus., vol. 5, no. 2, pp. 128-142, 2021.

109

(14]

[15]

[17]

[20]

[24]

Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

W. Li, W. Wang, and W. Huo, “RegBoost: A gradient boosted
multivariate regression algorithm,” Int. J. Crowd Sci., vol. 4,
no. 1, pp. 60-72, 2020.

D. Stiawan, “An approach for optimizing ensemble intrusion
detection systems,” IEEE Access, vol. 9, pp. 6930-6947,
2021.

H. Luo, F. Cheng, H. Yu, and Y. Vi, “SDTR: Soft decision tree
regressor for tabular data,” IEEE Access, vol. 9, pp. 55999-
56011, 2021.

M. Mohy-Eddine, A. Guezzaz, S. Benkirane, M. Azrour, and
Y. Farhaoui, “An ensemble learning based intrusion detection
model for industrial loT security,” Big Data Mining and
Analytics, vol. 6, no. 3, pp. 273-287, 2023.

S. Ismail, Z. El Mrabet, and H. Reza, “An ensemble-based
machine learning approach for cyber-attacks detection in
wireless sensor networks,” Appl. Sci., vol. 13, no. 1, 2022,
Art. no. 30.

A. Agarwal, A. Agarwal, D. K. Verma, D. Tiwari, and R. Pandey,
“A review on software development life cycle,” Int. J.
Scientific Res. Comput. Sci., Eng. Inf. Technol., vol. 9, no. 3,
pp. 384-388, 2023, doi: 10.32628/cseit2390387.

C. Qi, J. Diao, and L. Qiu, “On estimating model in feature
selection with cross-validation,” IEEE Access, vol. 7, pp. 33454—
33463, 2019.

G.-P. Fernando, A.-A. H. Brayan, A. M. Florina, C.-B. Liliana,
A.-M. Héctor-Gabriel, and T.-S. Reinel, “Enhancing intrusion
detection in loT communications through ML model
generalization with a new dataset (IDSAI),” IEEE Access, vol.
11, pp. 70542-70559, 2023.

L. Zou, X. Luo, Y. Zhang, X. Yang, and X. Wang, “HC-
DTTSVM: A network intrusion detection method based on
decision tree twin support vector machine and hierarchical
clustering,” IEEE Access, vol. 11, pp. 21404-21416, 2023.
S. Ameer, “Comparative analysis of machine learning
techniques for predicting air quality in smart cities,” IEEE
Access, vol. 7, pp. 128325-128338, 2019.

W. Alhakami, A. ALharbi, S. Bourouis, R. Alroobaea, and N.
Bouguila, “Network anomaly intrusion detection using a
nonparametric Bayesian approach and feature selection,”
IEEE Access, vol. 7, pp. 52181-52190, 2019.

X. Gao, C. Shan, C. Hu, Z. Niu, and Z. Liu, “An adaptive
ensemble machine learning model for intrusion detection,”

IEEE Access, vol. 7, pp. 82512-82521, 2019.



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

[26] Y.Yuand N.Bian, “An intrusion detection method using few-
shot learning,” IEEE Access, vol. 8, pp. 49730-49740, 2020.

[27] Z. Wu, H. Zhang, P. Wang, and Z. Sun, “RTIDS: A robust
transformer-based approach for intrusion detection system,”
IEEE Access, vol. 10, pp. 64375-64387, 2022.

[28] S. Gibson, B. Issac, L. Zhang, and S. M. Jacob, “Detecting
spam email with machine learning optimized with bio-
inspired metaheuristic algorithms,” [EEE Access, vol. 8,
pp. 187914-187932, 2020.

[29] R. Zhao, Y. Mu, L. Zou, and X. Wen, “A hybrid intrusion
detection system based on feature selection and weighted
stacking classifier,” IEEE Access, vol. 10, pp. 71414-71426,
2022.

[30] A. A Taha and S. J. Malebary, “An intelligent approach to
credit card fraud detection using an optimized light gradient
boosting machine,” IEEE Access, vol. 8, pp. 25579-25587,
2020.

110



Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

The Comparison Between Structural Equation Modeling and
Multiple Linear Regression Analysis to Predict the Parents’ Intention

of Using Child Car Restraint in Bangkok

Bussakorn Hammachukiattikul' Anchalee Supithak?®

Y2’Faculty of Engineering, Thai-Nichi Institute of Technology, Bangkok, Thailand

*Corresponding Author. E-mail address: anchalee_s@tni.ac.th

Received: 13 July 2024; Revised: 23 September 2024; Accepted: 3 October 2024
Published online: 26 December 2024

Abstract

This research aims to study the causal variables influencing on the intention of parents in Bangkok to use child
car restraint. The questionnaire is developed based on the Theory of Planned Behavior, Government Influence,
Price Fairness, and Safety Awareness. The data are collected from 316 parents in Bangkok who have children’ age
under seven years old. The Structural Equation Modelling (SEM) is used to test the causal variables relationship.
The results show that the causal variable that most influence on intention to use CCR is safety awareness (SA),
since the value of direct effect coefficient () is 0.526. The next casual variable influencing on intention to use is
perceived behavior control with the value of effect coefficient (ﬂ) of 0.273, and the third influent casual variable
is attitude with £ value of 0.179. In addition, by applying the Multiple Linear Regression (MLR) with stepwise
regression analysis results in the appropriate predictive equation of the parents’ intention to use child car restraint.
The coefficients of the MLR model of factor attitudes, perceived behavioral control, and safety awareness are
0.260, 0.212, and 0.530, respectively. The results from the SEM and MLR are the same direction. With the integration
method of SEM and MLR, the predictive equation from MLR is well reliable with corresponding to the results from

SEM method.

Keywords: Child car restraint, Direct effect coefficient, Multiple linear regression, Structural Equation Modelling

(SEM), Theory of planned behavior
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. INTRODUCTION

Nowadays, the private automobiles have been
usable and instead of public transportation as for the
convenience of children. Many countries give significance
on the children’ s safety in a moving vehicle. Child
restraint system should be used as normal in the
developing country with the effective compulsory. In
Thailand, there are 554 (3.93%) children age between
1-14 years old are death from the road accident in
2022 and increase to 586 (4.17%) children in 2023 [1].
Recently, Thailand finally has a law that children under
six must be placed in a car seat or a special seat for
safety while sitting in a moving vehicle. The violations
could mean a fine of up to 2,000 baht. Even though the
compulsory use of CCR start on September 5, 2022, the
effect and results should be followed up and evaluated.
However, the compulsory use of child car restraint in
Thailand is not effective. Recent research in Thailand
aims to study the parent’s awareness, the car seat law,
and the car seat safety standards and some research in
Asia study the parents’ perception of using CCR while
travelling with their children. The theory of planned
behavior (TPB) is the effective tool in predicting intentions
and behavior of customers in many researches. The
basic theory can explain the principles of consumer
choice. In addition, this study is based on clarity about
the context of social and individual processes those
aid consumer decision-making. The Theory of Planned
Behavior (TPB) model with Government Influence, Safety
Awareness, and Price Faimess are considered to develop
the questionnaire to study the parents’ awareness of
using child car restraint or CCR in Thailand [2]. Moreover,
the analysis of factors influencing the usage of child
restraint system by parents is studied widely [2]-[7].

The objective of this research is to study the
relationship of the causal variables influencing to parents’
intention of using CCR in Bangkok by applying the

Strucrural Equation Modeling. The Strucral Equation
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Modeling or SEM is the second-generation technique
for modelling casual networks of effects simultaneously.
SEM offers extensive and flexible casual-modeling
capabilities rather than the first-generation techniques
like ANOVA or regression analysis. However, the
Multiple Linear Regression or MLR analysis provides the
predictive egaution of the parents’ intention to use
child car restraint. Since the advantage of SEM and MLR
analysis techniques are different, SEM benefits on
dealing with complex structure of casual variables,
while MLR analysis result is the predictive equation of
casual variables. This research aims to compare the
results from two methods and to get better understand
and well evaluate the adequacy, reliability, and validity
of each casual variables by applying SEM. Finally, the

predictive equation of the parents’ intention to use is

developed by applying MLR analysis.

Il. LITERATURE REVIEWS

The study of parents’ perception of using child car
restraint to their children has been studied widely.
Many research study the parents’ perception and the
influence factors to parents’ intention of using CCR. The
research of [3] conclude that even though parents’
knowledge on child car restraint for discharged newborns
from the hospital is high, parents did not intend to use
a child car restraint for their newborn for travelling back
from hospital except owning one. Form the focus group
discussion conducted in Singapore, the main factors
contributing to non-compliance to child car restraints
in Singapore and China was a lack of parental knowledge
in terms of road safety awareness and perception of risk
and aggravated by child behavior and lack of cultural
norms [3]. The research of [4] proposes the information,
motivation, and behavioral skills model based to develop
the questionnaire and perform in-depth interview in
parents of children aged 0-6. [4] proposed logistic

regression analysis and concludes that the successive



factors of promoting the usage of CCR are parents’
education, family economic status, being trained on
children’s unintentional injuries, the high scores on CCR
riding mode cognition, CCR type cognition, CCR use
motivation, and CCR installation skills. The Theory of
Planned Behavior (TPB) is implemented to develop the
questionnaire to study awareness and parents’ intention
to use child car restraint [2]. The awareness and the
parents’ intention to use CCR in in Bangkok is studied by
develop the questionaries based on attitude, subjective
norm, perceived behavioral control, government influence,
safety awareness and the price fairess and resulting in
the regression analysis model representing the intention
to use CCR [4]. However, the analysis technique used
in research of [3] based on the analysis of variance of
multiple linear regression which suitable for the
experiment with controlling condition. The first-generation
technique like regression analysis is particularly well
suited to simple models in which few independent
variables and dependent variables are involved, and
the data is highly normalized. Regression analysis is
suitable for highly simple model and ideal for repeated
measures. The advantage of regression analysis is for
prediction the dependent variables with the model of
independent variables such as the logistic regression
analysis applied in [5]. The Structural Equation Modeling
(SEM) is the second-generation technique which offers
extensive, scalable, and flexible causal-modeling
capabilities beyond the first-generation techniques
such as ANOVA and regression analysis [6]. The key
advantage of SEM to this research is that it enables
estimating complete causal networks simultaneously
and be able to include latent variables in causal model.
Since this research involves many observed variables,
SEM enables the researcher to estimate the effect of
latent variables and the effect of one factor to other
factors. Thus, the hypotheses testing of the direct effect

on parents’ intention to use CCR is suitably performed
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by SEM technique. The Structural Equation Modeling is
advantage for complex model or hierarchical component
models. [7] presents the methodology of reporting the
results of the reflective-formative type and a two-stage
approach. The parents’ attitude is important for the
decision of CCR usage to their children. [8] studied the
parents’ attitude toward CCR usage based on the
health belief model (HBM) theory. This study aimed to
understand parents’ attitudes toward CCR usage in
developing country without enforcing law of CCR usage
to compare the non-users and user parents. The SEM is
applied to assess the model’s factors that impact the
CCR usage for nursery school travel [9]. The considered
factors in [9] are socioeconomic status, family travel
pattern, traffic safety climate, family structure, child
demographics, and road network infrastructure. For
Theory Planned behaviors in the research of [10], the
purpose of this study is to analyze the psychological
characteristics underlying Chinese parents' behaviors in
using CCR. The theory of planned behavior (TPB) is
extended to perceived accident severity, perceived
benefits, and perceived barrier. From the perspective
of social psychology, the psycholosgical factors that
influence parents' use of child car seats and their
interrelationships are explored. Thus, this research
focusing on developing the model based on Theory
Planned Behaviors, Government Influence, Price Fairness,
and Safety Awareness to analyze the casual variables
influencing on parents’ intention to use CCR.
According to the research survey, most researchers
apply SEM and Multiple Regression. The comparison
between these two methods has been studied in some
research [11]-[13]. The hierarchical multiple regression
analysis is implemented to test the relationships of
dependent and independent variables of the complicated
management model [11], [12]. The comparison between
the SEM and MLRis applied in the construction industry

research and presents the benefits of each method [13].
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Therefore, this research aims to compare SEM and MLR
to the casual variables of parents’ intention of CCR
usage and to obtain the significant results from both

methods.

IIl. RESEARCH METHODOLOGY

The theory of planned behavior (TPB) is the basic
theory explaining the principle of consumer choice. TPB
is effective in predicting intention and behavior of
consumers. There are two fundamental theories
relevance to this research: consumer decision patterns
and behavior, and theory of planned behavior. The
questionare composes of seven parts. The first part
involves respondants’ agreement to join the research

and filtering questions for only parents whose

children’s age is under seven years old. The second,

SN1
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SM3

SM4

G

Gl2

Q0 0000

=il

e
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third, and forth part are the 12 questions based on TPB
and composing of 5 questions of attitude (Att), 4
questions of subjective norms (SN) and 3 question of
percieved behavioral control (PBC). The fifth part is the
government influence issues to evaluate the
perception of government policy about the CCR law
enforcement, car seat’ s price and consumer tax
benefit, and the car seat supply by the government.
The sixth part is about safety concern. Lastly, the
seventh part is about the car seat’s price perception of
parents. The Research Methodology in figure 1 is the
causal network of variables related to parents’
intention to use CCR. The Structural Equation Modelling
(SEM) enhanced in studying the postulated structuring

which is represented by using diagrams containing

arrow as shown in figure 1.
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Figure 1: Causal network of variables related to parents’ intention to use CCR.
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The related hypotheses are as follow:

H1 is attitude influencing on the intention to use CCR.

H2 is subjective norm influencing on the intention
to use CCR.

H3 is perceived behavior control influencing on

intention to use CCR.

H4 is government influencing on intention to use CCR.

H5 is safety awareness influencing on the intention
to use CCR.

H6 is price fairness influencing on the intention to
use CCR.

The covariance based structural equation modeling
(CB-SEM) is applied to demonstrate that the null
hypothesis is insignificant. The data collection tools
compose of two sections. The first part is demographic
data on parents’ gender, age, level of education, salary,
income level, address city, acceptable car seat price,
number of children, and vehicle type for installation car
seat. The second part is the questionnaire adopts
Likert’s 5-point scoring, with 1-5 representing from
“Strongly disagree” to “Completely agree”. The survey
research questionnaire is conducted according to the
Theory of Plan Behavior (TPB), Government Influence,
Price Fairmess and Safety Awareness to evaluate the
parents’ intention of buying car seat for their children.
The TPB composing of Attitude, Subjective Norms, and
Perceived Behavioral Control, is applied to develop the
survey questionnaire. The questionnaire composes of
seven parts. The first part involves respondents’
agreement to join the research and filtering questions
for only parents whose children’ age is under seven
years old. Parents who pass the filtering questions will
proceed to the rest of the questionnaire. The analysis
method follows the process in figure 2. First, the SEM
analysis is conducted to evaluate the relationship of
casual variables. Then, the MLR is applied to compare
the results to the SEM’s results and to obtain well fit

predictive equation.
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Data Descriptive Analysis

!

Assessing Questions’ Reliability

|

Part 1: Structure Equation Modelling

- Internal Consistency Reliability
- Convergent Validity
- Indicator Reliability

- Discriminant Reliability

!

Part 2: Hypotheses Testing

]

Part 3: Multiple Linear Regression Analysis

Figure 2: Research methodology.

IV. RESULTS AND DISCUSSION

The samples of parents in Bangkok are randomly
selected to answer the research questionnaires during
July, 2023. The research questionaries is approved by
three experts to check for the content validity using
ltem Objective Congruence or I0C. The pilot test of
questionnaire is performed with 30 samples and the
data is analyzed using Cronbach’s alpha with the
acceptable level of 0.7 of adequate confidence level
[6]. The results as shown in table 1 indicate that all
questions are reliable and adequate to study the latent
variables because the value of Cronbach’s Alpha is
between 0.73 to 0.93. The data analysis is divided into
3 parts: the descriptive analysis of sample population,
the structural equation modeling with covariance and
the hypothesis testing, and the multiple regression

analysis to retrieve the prediction model.
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Table 1: Cronbach’s alpha analysis

Latent Variables Observed Variables code | Cronbach’s Alpha
1. | think car seat is necessary for safety of children. Attl
2. 1 think car seat is a valuable product Att2
Attitude (Att): 3. I am interested in searching car seat information Att3 0.89
4. Using car seat for child is normal and must strictly compliance Attd
5.1 am agreeing with the concept of car seat design for child’s safety | Att5
6. Important person to you also recommend me to use car seat for
your children oM
7. Important person to you also realize the usefulness of using car
seat o
Subjective Norms (SN): 0.86
8. Important person to you also realize that car seat is safety
equipment for children o
9. Important person to you also realized that car seat can relieve
injuries for children. o
10. | have enough budget to buy car seat for my children PBC1
Perceived Behavioral 11. I'am ready if I must buy car seat for my children to install to my
Control (PBQ): vehicle e 08
12. | believe that car seat can protect my children PBC3
13. The government explicitly complies the child car restraints Gl1
Government Influence
14. Car seat pricing policy supported by the government and the 0.73
e related organization o2
15. | think car accident results in serious injury and death will
explicitly relieve if parent use car seat with their child. AL
Safety Awareness (SA): 16. | realized that car seat is importance for travelling with children SA2 0.85
17. My children always ride with car seat SA3
18. I insist my children to use car seat even though they refuse SA4
19. | think the car seat price is appropriate especially comparing to
safety concerning. Prt
20. | agree and trust with the material and design of car seat in the
market i
Price Fairness (PF): 0.86
21. The car seat price is reasonable for me to buy PF3
22. The car seat price is affordable for other parents PFd
23. The car seat models and price are variety and valid for buying
justification of parents. o
24. | plan to buy car seat once | have a child. U1
25. | plan and ready to buy car seat for my child. 12
26. Car seat is the important appliance which | certainly supply for
Intention to Use (IU): my child W 0.93
27. Even though car seat’ price is high but | will certainly purchase
for my child. Ve
28. Car seat is the best solution for my child when travelling. U5
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A. The Descriptive Analysis of the Participants

The respondents are 316 parents in Bangkok. There
are 239 female parents about 75.6 percentage. There
are 173 parents (54.7%) with education level of bachelor’s
degree and higher. The number of participants of 137
have occupation as an employee in private company.
Most respondents around 236 people (74.7%) have one
child with the age less than 5-year-old. The first objective
is to study the significance level of the latent variables
according to the results shown in table 2 and table 3.

The interpretation of the mean analysis result is as
follow:

1.0 to 1.80 is least significance,

1.81 to 2.60 is less significance,

2.61 to 3.40 is moderate significance,

3.41 to 4.20 is high significance, and

4.21 to 5.00 is highest significance

From table 2, the result shows that latent variable
with the highest significance level to intention to use
CCR is Safety Awareness with the average of 4.55. The
Theory of Planned Behavioral is the second significance
level variable with the average value of 4.42. The
results in table 3 indicate that the parents in Bangkok
of 316 people intend to use CCR with the highest
significance level with mean value of 4.54. The most
significant observed variable that effect the intention to
use CCR is the “Car seat is the best solution for my
child when travelling.” with the mean value of 4.63.
The second order is “Car seat is the important
appliance which | certainly supply for my child.” with

the mean value of 4.61

Table 2: The significance level of latent variables to parents’

intention of using CCR, Bangkok

Latent variables Mean SD Level
Theory Plan Behavior (TPB) 442 | 055 highest
Government Influence (GI) 4.08 | 0.73 high

Safety Awareness (SA) 455 | 0.63 highest

Price Fairness (PF) 397 | 0.78 high
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Table 3: The significance level of intention to use CCR of

parents in Bangkok

Latent variables Mean | SD Level
Intention to Use (IU): 454 | 0.71 | highest
1. I plan to buy car seat once |

452 | 0.82 | highest
have a child. (IU1)
2. 1 plan and ready to buy car seat

4.41 | 091 | highest
for my child. (IU2)
3. Car seat is the important
appliance which | certainly supply 4.61 | 0.75 | highest
for my child (IU3)
4. Even though car seat’ price is
high but | will certainly purchase 4.53 | 0.82 | highest
for my child. (1U4)
5. Car seat is the best solution for

4.63 | 0.69 | highest
my child when travelling. (IU5)

B. The Structural Equation Modeling with Covariance
(CB - SEM) Analysis

The covariance based structural equation modeling
is applied to evaluate the assumed research model
(the null hypothesis) whether it is insignificant, meaning
that the complete set of paths, as specified in the
model that is being analyzed, is plausible. The analysis
of Measurement Model is conducted. The construct
validity is analyzed, and the results are shown in table

4 and figure 3.

Table 4: The construct validity analysis’s results

Latent Observed Factor
CR AVE
Variables variables Loading
Attl 0.84
Att2 0.81
Attitude (Att): Att3 0.75 0.90 0.65
Attd 0.82
Att5 0.79
SN1 0.76
Subjective SN2 0.86
0.86 0.61
Norms (SN): SN3 0.76
SN4 0.72




Journal of Engineering and Digital Technology (JEDT)
Vol.12 No.2 July - December 2024

Table 4: The construct validity analysis’s results (Cont.) The values of Average Variance Extracted (AVE) in
Latent Observed Factor R | AvE table 4 are between 0.67 to 0.74 and the loading values
Variables variables Loadin S
$ are greater than 0.5 which indicates that the constructed
Perceived PBC1 0.84 ) ] o )
model is capturing a significant amount of variance and
Behavioral PBC2 0.94 0.86 0.65
Control (PEC) e 06 is a reliable measure of the parents’ intention to use
Government Gl 085 CCR. In figure 3, the AVE values are as shown in the
0.73 0.6
Influence (GI): GI2 0.68 nodes and the loading values are shown on the arcs.
SA1 0.75 For the discriminant validity, the Heterotrait-monotrait
Safety SAZ 0.76 085 | 059 (HTMT) ratio of correlations analysis, are analyzed as
Awareness (SA): SA3 0.81 shown in table 5.
SA4 0.74
PF1 0.66 Table 5: The discriminant validity analysis results
Price Fairmess PF2 o.n Heterotrait-monotrait (HTMT) ratio of correlations
(PF): PP 087 087 | 057 Att | Gl | U | PBC | PF | SA | SN
PFa 0.79 e | - - - - - -
PF5 0.72 Gl 0.09 j j j j j j
vt 0.88 U 0.74 | 0.12 - - - - -
U2 0.81
Intention to Use PBC | 0.61 0.11 | 0.81 - - - -
() v 08 | 0% |0 PF | 037 | 038 | 059 | 055 | - - -
s 082 sA | 074 | 020 | 086 | 067 | 057 | - -
U5 o.17 SN | 057 | 021 | 043 | 042 | 037 | 047 | -
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Figure 3: The construct validity analysis showing the loading values on arcs and AVE on nodes.
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C. The Hypotheses Analysis

The hypotheses testing results are shown in table 6.

Table 6: The hypotheses analysis results

Direct Effect Path Coefficient P-
Testing Unstandardized | Standardized | value
b B

H1: ATT —

0.32 0.179** 0.009
V]
H2: SN — U -0.06 -0.068 0.131
H3: PBC —

0.22 0.273%** <.001
V]
Ha: GI — U -0.03 -0.044 0.331
H5: SA — U 0.81 0.526%** <.001
H4: PF — U 0.13 0.113* 0.024

R?= 0.798

Noted: *p-value < 0.05, ** p-value < 0.01, *p-value < 0.001.

The direct effect testing according to the null hypotheses
are analyzed and presented as the path coefficient or
B values in table 6 and figure 4. Firstly, the path
coefficients’ results show the positive direct relation of
two paths at the significance level of 0.001 which are

Perceived Behavior Control (PBC) and Safety Awareness
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(SA), one path at the significance level of 0.01 which is
Attention (ATT), and one path at the significance level
of 0.05 which is Price Fairness (PF). While the Subjective
Norm (SN) and the Government Influence (GI) are
negative path coefficient values.

Secondly, according to the direct effect testing, the
results are as follow. Attitude influences on intention
to use CCR (H1), since p-value is less that 0.01.
Subjective norm does not influence on intention to use
CCR (H2) (p-value =0.131). Perceived behavior control
influences on intention to use CCR (H3), since p-value
is less that 0.001. The government influence does not
influence on intention to use CCR (H4) (p-value =0.331).
Safety awareness influences on intention to use CCR
(H5), since p-value is less that 0.001. Price fairness
influences on intention to use CCR (H6), since p-value
is less than 0.05.

The third objective is to study the causal variables
which influence on the intention of parents in Bangkok
on using CCR. From the results in table 6, the causal
variable that most influence on intention to use CCR is

Safety Awareness (SA), since the value of fBis 0.526.
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Figure 4: The hypotheses analysis results showing the path coefficients on the arcs.
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Table 7: Analysis of variance of the multiple linear regression model

Std.
Unstandardized Coefficients Significance
Model Coefficients t
P-value
Beta Std. Error Beta
Constant 0.426 0.159 -2.684 0.008
Xq: Attitude 0.195 0.047 0.154 4.123 0.000
X,: Subjective Norm 0.047 0.032 0.047 -1.481 0.139
Xs: Perceived Behavioral Control 0.264 0.040 0.254 6.625 0.000
X4: Government Influence 0.026 0.029 0.025 0.896 0.371
Xs: Safety Awareness 0.565 0.043 0.504 13.111 0.000
Xg: Price Fairness 0.110 0.029 0.116 3.773 0.000

The next casual variable influencing on intention to use
is Perceived Behavior Control with £ value of 0.273.
The path coefficients (/) are presented in figure 4. The
higher value represents more direct effect to intention

to use.

D. The Results Comparison between SEM and Multiple
Linear Regression Analysis

According to the research results of [2], the regression
analysis performed on the data of this research is
shown in table 7. The analysis of variance indicates that
X, (Attitude), X; (Perceived Behavioral Control), Xs
(Safety Awareness), X, (Price Fairness) are significant to
the dependent variable which is parent’s intention to

use CCR.

Table 8: The regression model summary

Model R R- Adjusted R- Std. Error of
square Square the Estimate
1 0.8732 0.762 0.759 0.35950

From table 8, R-square and adjusted R-square
measures the goodness of fit of a regression model. The
higher R-square which close to 1.0 indicate the model
is a good fit. The different between these two terms is
R-squared tends to increase as more variables are
added to the model even if they don’t improve the

model significantly, while adjusted R-square penalizes
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the addition of unnecessary variables. The results in
table 8 indicate that the regression model in table 7 is
well fit. The fitting model which represents the data,
has the p-value less than 0.05 (testing value of 95% of
confident level) as shown in equation (1).

Y = —0.426 + 0.195X; + 0.264X; + 0.565X5 + 0.110X, (1)

Even though the results are resemblance to the
results of Structural Equation Modeling, the reliability
of regression analysis is only the correlation coefficient
value (R) in table 8, which represent the adequacy of
the model. On the other hand, systematic analysis of
SEM technique gives better understand and well
evaluates the adequacy, reliability, and validity of each
casual variable.

The SEM is more efficient to analyze effect of the
latent variable and the complicate relationship of
casual variables according to developing path network.
However, the response variable consists of five latent
variables (U1l to IU5) according to table 9. The
is

individual latent variable of intention to use

interesting to perform the regression analysis.

E. The Multiple Regression Analysis Results of Latent
Variables of the Intention to Use

The regression analysis is performed on five latent
variables of the intention to use. Each question

represents Y; as follow:



Y, is “I plan to buy car seat once | have a child.”

Y, is “I plan and ready to buy car seat for my child.”

Y is “Car seat is the important appliance which |
certainly supply for my child.”

Y, is “Even though car seat’ price is high, but I will
certainly purchase for my child.”

Y5 is “Car seat is the best solution for my child when
travelling.”

The objective is to examine the relationship
between the response variables (Y;) and the predictor
variables which are Attitude (Att), Planned Behavioral
Control (PBC), Safety Awareness (SA), and Price Fairness
(PF). The normality assumption checking is performed
by normality test (Shapiro-Wilk), and the p-value is less
than 0.001 for all multiple dependent variables. Thus,

the normality assumption is valid. The analysis of
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variance results are shown in table 9. The correlation
coefficients (R and R-sg, and R-sq adj) of every model
of Y, to Y5 are high. The linear regression model of Y;,
Y,, Y3, Y4, and Y5 are presented as equation 2, 3, 4, and
5, respectively. According to the analysis of variance in
table 9, the Price Fairness (PF) has the p-value greater
than 0.05 significant level, therefore, the PF variable is
not significant to the predictor model. The Yy, Y,, Y5,
and Y, prediction equations are following.

1) | plan to buy car seat once | have a child.

2) | plan and ready to buy car seat for my child.

3) Car seat is the important appliance which |

certainly supply for my child.

4) Even though car seat’ price is high, but I will

certainly purchase for my child.

Table 9: The results of multiple linear regression analysis

Model Coefficients Model fit Measures
R-sq
Intercept Att PBC SA PF R R-sq
(adj)
Estimate 0.0444 0.2117 0.1988 0.6007 -0.0055
SE 0.1915 0.0577 0.0508 0.0539 0.0339
1. I plan to buy car seat Lower -0.3326 0.0981 0.0989 0.4947 -0.0722
Y, 0.829 | 0.688 0.684
once | have a child. (IU1) Upper 0.4214 0.3252 0.2987 0.7067 0.0612
t-value 0.23 3.67 392 11.15 -0.16
p-value 0.817 <.001 <.001 <.001 0.871
Estimate -0.5566 1.4970 0.3668 0.5679 0.0434
SE 0.2254 0.0716 0.0565 0.0641 0.0392
2.1 plan and ready to buy
Lower -1.0003 0.0089 0.2555 0.4417 -0.0337
car seat for my child. Y, 0.816 | 0.666 | 0.661
(1U2) Upper -0.113 0.291 0.478 0.694 0.120
U2
t-value -2.47 2.09 6.49 8.86 1.11
p-value 0.014 0.037 <.001 <.001 0.268
Estimate 0.2136 0.2245 0.1121 0.5987 0.0499
3. Car seat is the SE 0.1731 0.0519 0.0427 0.0492 0.0304
important appliance which Lower -0.1271 0.1224 0.0281 0.5018 -0.0100
Ys 0.845 | 0.714 | 0.711
| certainly supply for my Upper 0.554 0.327 0.196 0.696 0.110
child (IU3) t-value 1.23 4.33 2.62 12.16 1.64
p-value 0.218 <.001 0.009 <.001 0.102
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Table 9: The results of multiple linear regression analysis (Cont.)

Model Coefficients Model fit Measures
R-sq
Intercept Att PBC SA PF R R-sq
(adj)
Estimate -0.1901 0.2965 0.2179 0.4893 0.0630
4. Even though car seat’ SE 0.1769 0.0530 0.0441 0.0488 0.0303
price is high but I will Lower -0.53813 | 0.19217 | 0.13108 | 0.39324 0.00338
Yq 0.855 | 0.731 0.727
certainly purchase for my Upper 0.158 0.401 0.305 0.585 0.123
child. (IU4) t-value -1.07 5.59 4.94 10.02 2.08
p-value 0.283 <.001 <.001 <.001 0.058
Estimate 0.0200 0.3465 0.0971 0.4946 0.0921
SE 0.1668 0.0498 0.0428 0.0468 0.0294
5. Car seat is the best
Lower -0.095 0.285 0.089 0.397 -0.015
solution for my child Ys 0.856 | 0.733 | 0.729
Upper 0.368 0.423 0.213 0.526 0.064
when travelling. (IU5)
t-value 0.12 6.96 2.27 10.56 3.13
p-value 0.905 <.001 0.024 <.001 0.002

Y, = 0.21169X, + 0.19883X; + 0.60069X;  (2)
Y, = —0.5566 + 0.1497X, + 0.3668X; + 0.5679X5 (3)
(4)
(5)

However, for question 5) which is “Car seat is the

Y; = 0.2245X, + 0.1121X; + 0.5987X
Y, = 0.2965X, + 0.2179X; + 0.4893X;

best solution for my child when travelling.”, the p-
value is 0.002, which indicate the significance of price
fairness to this question. Parents’ decision about the
best car seat depends on not only the product
performance and quality but also the price as well. The
prediction equation of the intention to use along this
question presented by equation (6).
Ys = 0.3465X; + 0.0971X; + 0.4946X5 + 0.0921X, (6)
In summarized, the parents’ decision basically bases
on the safety awareness, their attitude, and the
perceived behavioral control. The Price of car seat is
not much significant influence on parents’ decision. In
addition, the parent’ intention of using car seat can be
predicted by the proposed equation from the multiple

linear regression analysis.
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The stepwise regression method is applied to the
results from the analysis of variance of the multiple
linear regression model as shown in table 7 to finalize

the predictive equation.

F. The Stepwise Regression Analysis

The terms in the full linear equation (1) are reduced
by cutting the independent variable that has the
highest p-value one by one. Therefore, the model’s
variables are reduced as the results shown in table 10.
The final model is presented as equation (7). The
dependent variable (Y) representing parents’ intention
of car seat usage can be predicted from the score of
parents’ attitudes (X;), Perceived Behavioral Control
(X3), and Safety Awareness (X5). The coefficient of each
independent variable represents the weight of each
factor.

Y =0.260X; + 0.212X;3 + 0.530X; (7)
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Table 10: The results of stepwise regression analysis

Unstandardized Coefficients >t
Model Coefficients t P-value

Beta Std. Error Beta

Constant -0.083 0.136 - -0.609 0.543

Xy: Attitude 0.285 0.042 0.260 6.771 0.000

Xs: Perceived Behavioral Control 0.203 0.036 0.212 5.638 0.000

Xs: Safety Awareness 0.543 0.038 0.530 14.114 0.000

V. CONCLUSION [2] S. Suwannawong, P. Chomchark, and A. Supithak, “The

The systematic analysis of Structural Equation
Modelling can test the plausibility of the entire causal
relationship of parents’ intention to use child car
restraint. The effect of latent variables is presented with
the factor loading values. The safety awareness,
perceived behavioral control, attitude, and price
fairness are the factors influencing on the parents’
intention to use child car restraint. However, the effect
of price fairness is less significant than the safety
awareness, attitudes, and perceived behavioral control.
The regression analysis gives the same results as the
SEM’s results. Parents’ intention of CCR usage can be
predicted by the developed model of stepwise
regression analysis. The proposed equation in (7)
represents the linear relationship of three factors which
are attitudes, perceived behavioral control, and safety
awareness. Therefore, we can predict the parents’

intention of CCR usage according to the equation.
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Abstract

Repairing and strengthening damaged bridge piers with the loss of the cross-sectional area of the rebar due to
rusting has been studied extensively. Several effective methods have been proposed and are widely used. However,
most of the materials used for strengthening are quite expensive. Locally available and low-cost materials
sometimes are more appropriate alternatives for structural reinforcement. This research aims to study flexural
behavior of reinforced concrete bridge piers strengthened using prestressed rubber pads. Samples replicated
existing piers of bridges under the responsibility of the Department of Highways were constructed. The percentage
of rebars in the control specimen is 1.2%, equal to the minimum percentage of rebars in the existing bridge piers.
Three samples were tested under flexure and axial load. Each test specimen had a different reinforcement quantity
and approach consisting of 100% of the minimum steel reinforcement amount, 25% of the minimum steel
reinforcement amount, and 25% of the minimum steel reinforcement amount along with prestressed rubber pads.
The test results showed that strengthening of bridge piers using prestressed rubber pads can increase flexural
strength by 46.5% and the analysis results from Response-2000 software provided the flexural capacities of the

specimens relevant to those from the experiment.

Keywords: Bridge, Rubber pad, Strengthening
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