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Degradation Factors of Semi-Synthetic Lubricant Qil
for Gasoline-CNG Engine

Kanikanan Thinprukgaml, Duangamol Tungasmit1 and Sukkaneste Tungasmita1
"Multidisciplinary Program of Petrochemistry and Polymer Science, Faculty of Science,

Chulalongkorn University, Bangkok, Thailand

ABSTRACT

Compressed natural gas (CNG) as alternative energy has gained attention in public transport. CNG is clean energy, high
octane, and less expensive than other fuels and can be operated in a dual-fuel engine system. This research studied various factors that
affect the degradation of semi-synthetic engine lubricants for the gasoline-CNG engine. Samples were collected by distance lubricant
oil analysis was conducted based on various ASTM methods. The kinematic viscosity (KV) analysis is an important property of
Lubricant oil. It was measured at the structures of 40 and 100 °C. At 100 °C, the KV decreased from the heating phase, causing the
intramolecular bonds to break, making the oil film thinner and leading to a catalytic oxidation reaction. The Fourier transform infrared
(FTIR) spectroscopy showed that the lubricants undergo chemical changes in their properties due to increasing the carbonyl functional
(C=0) concentration by oxidation product. The result indicated increased acid content and KV. It affects the corrosion of the internal
engine parts. The total base number analysis indicates the cleaning agent performance of the lubricant. It was found that at a distance
of over 15,000 km, the concentration of alkaline additive reduces half the amount of additive. This demonstrated that additives have

been degraded from contaminations, such as dirt, water, metal, and soot.

KEYWORDS: Semi-synthetic lubricant oil, compressed natural gas (CNG), gasoline, lubricant oil degradation, additive depletion,

free radical, contamination
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1. INTRODUCTION conditions and users. (Karluk et al., 2022) This paper

In 2024, the compressed natural gas (CNG) market analyses the lifetime of it can use between 15000 to

demand rising by approximately 659% in southeast Asia.
It can continue to grow a further 8 0 % . CNG is
alternative energy popular for publication transport and
passenger car in southeast Asia. Because it has been
recognized as clean energy and reduces carbon dioxide
emission from combustion. Disadvantage CNG room
temperature combustion is used at around 8 00 °C.
(Zheng et al., 2022) It generates lubricant degradation
more comfortably than other fuels and it changes the
structure of engine parts. In this work interested in
studying semi-synthetic lubricant oil products. Because
the  manufacturers  provide end-of-time  for

semi-synthetic around 10,000 kilometers. This expert

is commonly incorrect, specifically in varying engine

20000 kilometers. It can be used over the manufacturer
recommendations. However, it can lead to a negative
effect. Such as sluggish engines, engine wear, and
engine failure. As we observe in appearance used
lubricant oil. The first was changed to a darker color
and the film oil was thicker of these physical changes
in lubricant oil. Therefore, they can be monitored end
of time in lubricant oil. (Maguire, 2010) The chemical
reaction produces lubricant change structure. Initially,
the oil structure is a long-chain hydrocarbon. While
using operate under high temperatures and a high shear
rate of the engine. It leads to a bond hydrocarbon break
and leads to an oxidation reaction. The oxidation

reaction is easy to react with free radicals and given by
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products are peroxide and hydroperoxide. It can produce
various products in lubricant oil such as carboxylic acid,
hydroxy ketones, and ketoaldehydes. (Barman, 2002)
By the time that oxygen is in the environment and
attaches chemical structures such as carbonyl, phenol,
and alcohol can be measured from FTIR. It causes
increased viscosity and acid number. (Guan et al.,
2011) The acid number measured the amount of acid
generated in lubricant oil. It is an important indicator of
efficacy in used lubricant oil. The acid could be
corrosive to internal engine parts and wears metal
contamination. The result demonstrates a defective
engine during operation, leading to a road accident and
contamination. The contamination can separate into two
types in the engine. The first is internal contamination
from wearing metal and soot combustion. The second is
external combustion produced from water, dirt, and soil
in the environment. These kinds lead to reduce
efficiency and changes in the characteristics of the
lubricant oil. It can form coagulation, vanish stains, and
separate between oil and water. Contamination has a
direct impact on the reduced concentration of alkaline
additives. Calcium sulfonate is commonly used as a
cleaning agent. Because it reduces rust performance,
stability oxidation, and low cost. It will adhere to the
surface of the calcium sulfonate additive. After a while,
the concentration gradually degraded additive, and
replace with dirt on the surface additive. The result
show additive and lubricant oil degradation.

This article studied and analyzed the degradation
factors of semi-synthetic lubricant oil in operated
gasoline-CNG engines, following several ASTMs.
They point out the degradation of semi-synthetic
lubricant oil in the gasoline-CNG engine. Because the

room temperature is higher than other fuel combustion.

2. MATERIALS AND METHODS
2.1 Samples

The lubricant oil was taken from the Toyota
commuter 2018 model. The special engine has a
VR38DETT V6, a capacity of 2,982 CC, and 132

horsepower is the engine’s maximum power. The fuel

Table 1. The result shows the properties of new semi-synthetic lubricant oils.

Properties Lubricant A Lubricant B Lubricant C
Grade 10W-40 15W-40 15W-40
KV40°C (mm®/s) 98.01 112.7 115.3
KV 100°C (mm®/s) 14.80 15.12 15.31
Viscosity index 158 140 140
Pour point (°C) -45 -33 -33
Flashpoint (°C) 240 250 254

is used in the combustion of CNG-gasoline engines.
The initial distance to begin is approximately 120,000
km. It can inindicate the engine’s real collect five
points: 0, 5000, 7500, 10000, and 15000 km.
The collected samples are used at very different
distances because it is studied in real operation in the
engine parts. To allow flexibility for the driver brings
to collect the sample. Because vans are used in public
transport systems, continuing work operates between
12 and 15 h and prevents the depletion of lubricant oil
by more than 10%. The three samples produced for the
CNG engine are lubricants A study was SAE 10W-40
lubricant oil. The lubricant B was SAE 15W-40 grade
and lubricant C was SAE 15W-40 grade. Group B and
C are different manufacturers. All samples were added
to the engine to analyze factors degradation. The new
lubricant oil properties are shown in table 1.
The method was collecting lubricant oil, The first step
set up the instrument, the tube was cut long enough to
enable us to reach halfway into the oil sump. The tube
was going to assemble the hose into the vacuum pump.
The aluminum ring is going to tighten until it is snug.
The new bottle includes a vacuum pump to ensure that
the instrument is properly sealed. In the second step,
clean around the valve to protect against contamination
before opening the valve. The tube was inserted so it
went halfway to the oil sump, and it was filled up with
approximately 100 ml. We take the bottle and remove
it. Finally, the bottle’s top was sealed with a solid cap.
2.2 Fourier transforms infrared spectroscopy

FTIR is a promising instrument for identifying
lubricant oil quality. It extracts quantitative chemical
compounds from complex matrices and is completely
used for hazardous substances. It is an undestroyed

method and no required prepared sample. By measuring



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 249125

the amount of oxidation and nitration that occurs in the
lubricant oil over a given distance, the results can be
lubricant oil

used to monitor the degradation.

The Fourier transform  Spectrometer (FT-IR)
technique, Perkin Elmer model oil express series one.
(ZnSe)

The sample cells used zinc selenide

transmission cells. It was used at an analytical
absorbance wavelength of 4000-550 cm™' and path
the length was fixed at 0.1 mm. The FTIR instrument
was kept in a humidity control box under 4 5 % of the
analysis at room temperature, according to ASTM
E2412. The oxidation analysis range was done in the
range of 1800 to 1670 cm ' and the nitration was in
the range of 1650 to 1600 cm”'. (ASTM International
Standards, 2019)
2.3 Total base number analysis

Determining the lubricant oil base number is an
important oil analysis because it provides information
on the alkaline concentration in lubricant oil. It helped
neutralize acid by-products that formed issues of the
degradation generated under operating of the engine
part. Consequently, TBN protects the engine from being
damaged by acid in the lubricant oil. Thus, when adding
a new lubricant to the engine part, TBN concentration
is maximum value but when it uses long-distance the
concentration decreases. In this work, the total base
number of the samples was measured, using automatic
titration (905 Titrando, Metrohm) with LiCl 3M in an
EtOH glass electrode. All the measurements followed
ASTM D4739. (ASTM International
2018)

Standards,

2.4 Total acid number analysis

TAN represents one of the most important factors
that lead to lubricant oil degradation products. TAN is
commonly used to indicate the quality of lubricant oil.
The result of overheating and contamination in the
combustion process. The lubricant oil acidity value can
be used as an indicator for the engine wear
contamination in the engine part. The automated
titration (9 05 Titrando, Metrohm) with LiCl 3M in
EtOH glass electrode was used in this analysis,
following ASTM D664 . This analysis method can

trace the acidic content of the lubricant oil, but it cannot

determine the type of acid present in the lubricant oil.
The result shows the value of potassium hydroxide
(KOH, in milligrams) to the titrate of one gram of
sample. (ASTM International Standards, 2018)
2.5 Kinematic viscosity analysis

The kinematic viscosity was studied in physical
properties and measured, following ASTM D445 at the
test temperature of about 40 °C and 100 °C, using the
Cannon instrument, model CAV 2200. A thermometer
for the standard silicone fluids within the analytical
apparatus had a maximum temperature tolerance of
+ 0.1 °C. The kinematic viscosity is an indicator of
three factors of problems in lubricant oil.
As temperature, intermolecular interaction, and the
motion state of the liquid molecules. (Al Sheikh Omar
et al., 2021), (ASTM International Standards, 2000)
KV analysis is required to analyze at 40 and 100 °C.
The lubricant oil is commonly analyzed at 4 0 °C
following ISO 344 8 likewise engine lubricant oil is
typically measured at 1 00 °C following SAE J300.
Additionally, 1 00 °C reduces the rise of measure
interference for engine lubricant oil soot contamination.
In other words, KV help considers change at low and
high temperature of lubricant oil.
2.6 Additive contents and wear metal analysis

Metal analysis has acquired lubricant industry
interest and analysis based on atomic spectrometric
techniques. It has been improved to measure metal
contaminants and organometallic compounds in
lubricants. Inductively coupled plasma optical emission
spectroscopy (ICP-OES) is a high-performance
technique for the analysis of almost all metals. It can be
measured for routine muti-element. The experiment
argon (Ar) purity of 99.9996 % and oxygen (02 )
purity of 99 % . The peristaltic pump of the ICP-OES
instrument was used as a solution to the nebulizer and
the sample was prepared by weight standard mix with
white spirit solvent. The samples were performed with
a PFA-1 00 nebulizer. It has given a high percentage
recovery and accumulated the result of the metal

analysis. The ICP-OES technique (Avio-500 model,

Perkin Elmer) is used to determine the concentrations
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Figure 1 FTIR Spectrum of semi-synthetic lubricant oil with different kilometers travel a) Lubricant A van 1 b) Lubricant A van 2 ¢) Lubricant B van 1 d)

Lubricant B van 2 €) Lubricant C van 1 f) Lubricant C van 2.

of iron (Fe) and aluminum (Al) in the used lubricant The analysis result of the metal-organic contents of
oils, following ASTM D5185. (ASTM International, additives can be used to determine the oil additives’ lifetime
2019), (Lara et al., 2015), (Goncalves et al., 1998) and performance. This is due to additives that can help
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to improve the properties of the base lubricant oil.
In this work, organic metals such as Zn, P, and Ca were
investigated, as referred to in ASTM D4951. (R.Q.
Aucélio et al., 2007)

3. RESULTS AND DISCUSSION
3.1 FTIR analysis

FTIR has proved extremely successful in identifying
chemical substances in the lubricant oil spectroscopy
data and analyzing the effect of degradation in lubricant
oil. However, when coupled with chemometric the
average FTIR spectrum of used lubricant oil, the
wavelength identified is 550-4000 cm”. Rang can be
assigned to vibrational modes from hydrocarbons,
carbonyl group, nitrite group, and water. Our interests
vary in degrees of oxidation. As evidenced by the
observation of the carbonyl group (C=0) absorption
presented on the spectrum by an intense band around
1740 cm™'. The two intended bands are presented
around 1900-1750 cm 'and 1250-1150 cm’'.
Oxidation is the main factor of degradation in lubricant
oil. Another group of interesting function observation of
the amine group (N-H) absorption was presented on
the spectrum by an intense band around 1650-1580 em’’
on the spectrum of their nitration. It is observed weak
intensity at O km and high intensity at above
15000 km. It has caused the environment, such as rain
acid, and erosion stone. (Macidn et al., 2021),
(Sneha et al., 2021 ) figure 1 shows the measured
spectrum difference distance in used lubricant oil.
At 0 km, the intensity of carbonyl and amine formed is
as expected the radical initial chain reaction. Due to the
carbonyl and amine low-intensity peak. The lubricant
has been used for 5000-15000 km. It was found that
the carbonyl and amine had increased as high-intensity
peaks, corresponding to the operating distance. Because
oxidation of the revolving oil is catalyzed by the metal
and overheating temperature in the engine part. The
oxidation leads to the destruction of new lubricant oil,
additive depletion, and acid number. Molecules of base
lubricant oil are nonpolar, but the effect of oxidation

produces a polar in the compound of lubricant oil.

Oxidation
25
~ 20 ¢
<L
- § o
£ 10 -
3 & -
[ |
0. <>
0 5000 10000 15000

Distance (Km)

B Lubricant A Van 1
B [ ubricant B Van 1
B Lubricant C Van 1

Lubricant A Van 2
# Lubricant B Van 2
# Lubricant C Van 2

Figure 2 Evolution of amount oxidation analysis by FTIR

It leads to the production of ketone and alcohol in the
compound. The accumulation of oxidation products
could not be homogenized with the lubricant oil.
It transforms the varnish adheres engine part.

Figure 2 presents the amount of oxidation generated
in the lubricant oil degradation. Lubricant A Van 1
found a concentration of oxidation increasing around
7.010 abs/ cm ' at 5877 km and continuing to
increase at 20.131 abs/ cm " at 15100 km. Similarly,
concentration in van 2 increased around 6.931 abs/ cm'
at 5864 km and continued to increase at 20.013 abs/ cm '
at 15300 km. Lubricant B vanl found a volume of
oxidation equal to 6.801 abs/ em ' at 5750 km and
up the rise increased to 22.473 abs/ cm ' at 15534
km. Likely, lubricant B brought quantity oxidation
equal to 9.798 abs/ cm' at 5086 km, and up the rise
increased to 18.912 abs/cm-1 at 14903 km.
Lubricant C Vanl found a volume of oxidation equal
to 3.561 abs/ cm ' at 5698 km and up the rise
increased to 17.598 abs/cm ' at 15668 km. Equally,
lubricant C van2 brings quantity oxidation equal to
0.875 abs/cm " at 5109 km, and up the rise increased
t017.591 abs/cm " at 15320 km. The result agrees
with the FTIR spectrum.
3.2 Total base number analysis

The mechanism reacts with alkaline concentration.
While the dirty build-up, alkaline additives are unable
to work. The work of alkaline additive covers the
surface of a metal engine part, and during operation
dirty, adhere reduces the efficiency of alkaline additive.
The result of TBN is presented in figure 3(a) presented

the volume of TBN in the lubricant oil. Lubricant A
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Figure 3 TBN (a) and TAN (b) Vall(le: of relative difference distance travel
by titration analysis.

Van 1 found the amount of TBN at O to 5877 km drop
the rise estimated at 1.310 mg KOH/g and a distance
of 15100 km occurred drop to 3.01 3 mg KOH/g.
Similarly, lubricant A van2 occurs with a drop
concentration estimate of 1.001 mgKOH/g at 5864
km and a lower concentration estimate of 2.7 52 mg
KOH/g at 15300 km. Lubricant B found a TBN
concentration drop rise of approximately 2.2 67 mg
KOH/g at 15534 km in van 1 and 2.6 mg KoH/g in
van 2 at 14903 km. Lubricant C TBN concentration
decreased around 3.432 mg KOH/g at 15668 km and
2.915 mg KOH/g at 15320 km. The factors that
affect TBN concentration drop the rise bring from
contamination in the engine. The beginning
contamination includes soot, condensed water, and acid
generation. Another problem occurs poor seal of the

joint. It can be contaminated in and generated new

products in lubricant oil. (Macién et al., 2021)

3.3 Total acid number analysis

The TAN results are presented in figure 3 (b).
Lubricant A found TAN concentration to rise
approximately 1.510 mg KOH/g at 15100 km in van 1
and 1.473 mg KoH/g in van 2 at 15300 km.
Lubricant B found a TAN concentration increase of
approximately 1.533 mg KOH/g at 15534 km in van
1 and 2.321 mg KOH/ginvan 2 at 14903 km.
Lubricant C TBN concentration decreased around
1.353 mg KOH/g at 15668 and 1.151 mg KOH/g
at 15320 km. Because the product from oxidation
generated in molecule lubricant oil and detected the
carboxylic acid functional group agrees with FT-IR
analysis. (Macién et al., 2021 ) The acid number can
occur in the degradation of additives and catalytic
oxidation. Oxidation products bring nitric acid occurs in
gasoline and natural gas fuels. Sulfuric acid brings
sulfur of antiwear and extreme pressure. All acids led
to the corrosive and reduce performance engine part.
3.4 Kinematic viscosity analysis

The results of kinematic viscosity are presented in
Figure 4(a). The kinematic viscosity at 40 °C can be
slightly increased in all samples. The accepted
degradation criteria are £ 15%. Lubricant A Vanl, the
KV increased at 5877 km up the rise at 15100 km.
The end distance result show +1.152 % degradation.
Similarly, lubricant A van 2 clearly increased at 5864 km
and continued to increase at 15300 km. The result end
distance demonstrates +2.743 %  degradation.
Lubricant B van 1 increased at 5750 km and continued
to increase at 15534 km. The result end distance
demonstrates +8.350 9% degradation. Lubricant B
Van2, the KV increased at 5086 km up the rise at
14903 km. The end distance result show +6.669 %
degradation. Lubricant C van 1 clearly increased at
5698 km and continued to increase at 15668 km. The
result end distance demonstrates +3.912 %
degradation. Lubricant B Van2, the KV increased at
5109 km up the rise at 15320 km. The end distance
result show +3.917 % degradation. The factor analysis
affects the increase in viscosity properties. For instance,
contamination and oxidation reaction are related to the

size of molecules of lubricant oil. The initial oxidation
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Figure 4 Variation of kinematic viscosity against three semi-synthetic

lubricant oil and different distance: (a) 40°C, (b) 100 °C.
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is the polymerization process that creates long-chain
molecules of hydrocarbon. It increases the size of
molecules and changes chemical properties in lubricant
oil. This result agrees with the FT-IR analysis. Another
related factor is contamination (soot, sludge, and dirty)
in lubricant oil. It changes the appearance of lubricant
oil such as contamination.

Figure 4b presents kinematic viscosity at 100 °C.
The result shows that the A and C groups can be slightly
decreased viscosity. The accepted degradation criteria
are = 15%. Lubricant A Vanl, the KV begins decreased
at 5877 km drop the rise at 15100 km. The end
distance result show -2.442 % degradation. Similarly,
lubricant A van 2 decreased at 5864 km and continued
to reduce at 15300 km. The result end distance
demonstrates -2.372% degradation. Lubricant B van 1
increased at 5750 km and continued to increase at
15534 km. The result end distance demonstrates
+3.241% degradation. Lubricant B Van2, the KV
increased at 5086 km up the rise at 14903 km.

The end distance result shows +2.351 % degradation.

Lubricant C van 1 clearly decreased at 5698 km and
continued to decrease at 15668 km. The result end
distance demonstrates -0.721 9%  degradation.
Lubricant B Van2, the KV decreased at 5109 km
dropping the rise at 15320 km. The end distance result
show -1.192 % degradation. Because while lubricant
oil work under high temperatures. It affects molecules
of lubricant oil break and appearance lubricant oil film
thinner. Other factors, contributes to the change
property of lubricant oil such as fuel dilution and
coolant leaks inside the engine. It could decrease the
viscosity of the lubricant oil but the B group shows the
resulting contract in another group. The effect relates to
oxidation reaction. Because the spectrum of oxidation
is higher than the other groups and agrees with the
FT-IR analysis. (Heredia-Cancino et al., 2018)
3.5 Additive contents and wear metal analysis

Five elements (Zn, P, Ca, Al, and Fe were
measured by ICP-OES. The result is presented in
figure (5). The concentrations of the elements in all
sample groups were small quantity. Lubricant oil can
protect the engine part. Figure 5(a) presented the
concentration of zinc additive. It coated the steel
elements to prevent rust and help anti-oxidation
properties in lubricant oil. The result show
concentration of zinc was increased concentration in the
B and C groups. Because there were operated at long
distances and Zn can be contaminated with lubricant oil.
On the other hand, group A had more Zn content
because of the end distance of A group less used
operation in the engine. However, the concentration of
Zn had little change and was acceptance critical.

Phosphorous (P) additive works under extreme
pressure. It helps to prevent damage to engine parts
under operating high pressure such as gearbox starting
and stopping of the engine. It was based on the
P compound. The result is demonstrated in figure 5(b).
B and C groups decreased concentration because long
operations have been used which can lead to
volatilization during engine operation. Group A has

more P content because of the end distance of A group

less used operation in the engine.
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Figure 5 The Result of additive content by ICP-OES in used lubricant oil
using a CNG-NGV engine. a) zinc, b) phosphorous, c¢) Calcium

Calcium (Ca) additive use detergent and dispersant
properties in lubricant oil. It works clean deposits and
metal contamination on surface engine parts. The result

is shown in figure 5(c), the concentration increased

quantitatively in all sample groups. It has multi-reason-
produced high valves. The first cause is dust, It can
abrasively dust particles from rock or silicon cement.
The second cause hard water and the last cause are
grease Ca contained cylinder help lubricant the engine.

Figure (6) presented the result of Wear metal being
corrosive in the engine part iron (Fe) and aluminum (Al).
The result of quantitative wear is corrosive in lubricant oil.
Fe and Al were found in small quantities, and it did not
affect the operation of the engine part. It demonstrates the
lubricant’s good performance. (Salem et al., 2015),
(Notay et al., 2019), (Kumar et al., 2005)

4. CONCLUSION

This work found the following 7 factors that produce
lubricant oil degradation. The main factor is temperature
related to KV. The KV increases at low temperatures and
decreases the appearance of the film at high temperatures.
Temperature led to the second and third-factor oxidation
reaction and nitration. Its products such as varnish,
sludge, and acid in the lubricant oil. It can be covering
the engine part. Four factors occurred acid and corrosive
engine parts that produce contamination in the system.
Five-factor contamination can be coagulation as it
accumulates at high volume. It affects to amount of TBN
drop the rise and can be indicated point of lubricant oil
degradation. This research expective users to realize the
problems from lubricant degradation that led to a negative
effect on engine.

All analytical methods in this work is important to
indicate optimal performance for lubricant oil
application. It was approved for lubricant oil quality
inspection by ASTM and routine analysis performance
lubricant oil. To conclude, it is suggested that the use
of lubricant oil be carried out according to the manual

book recommendation for protecting engine parts and

reducing emissions to the environment.
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ABSTRACT

This research aims to present a double exponentially weighted moving average (DEWMA) control chart for a Zero Inflated

Binomial model under the ratio distribution of the two Poisson means (ZIBpoi) by the Markov Chain approach. The objective is to
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1. INTRODUCTION

Generally, in the industrial production process,
manufactured products must meet or exceed customer
expectations. The goal of production aims to control
the wvariation in product quality to a minimum.
The Statistical Process Control (SPC), which employs
statistical methods to monitor and control a process, is
an effective monitoring technique widely used. SPC is
comprised of seven tools: Pareto chart, histogram,
process flow diagram, control charts, Scatter diagram,
check sheets and cause and effect diagram. Control
charts are an important tool for statistical process
control. Their purpose is to monitor changes in the
production process, whether it is in control or out of
control, making it possible to quickly resolve quality
issues when manufacturing malfunctions occur.
Shewhart (1920s) developed the control charts tool
to identify when a process was producing a good or a
defective product. Shewhart control charts are suitable
for detecting a large shift in the industrial process and
are unable to detect a small shift in the process (
6 >1.50 ), due the chart’s lack of importance of

historical data (memoryless) and the fact that

production data may not always follow a normal

distribution, making the Shewhart chart unsuitable due
to its poor quality. In 1954, Page developed the
cumulative sum (CUSUM) control chart, which
became popular. Roberts (1959) presented the
Exponentially weighted moving average (EWMA)
control chart. The CUSUM control chart and EWMA
are more efficient than traditional control charts for
shifts ( 6 >1.50 ).

Subsequently, Shamma & Shamma (1992) presented

quick detection of small
a Double Exponentially Weighted Moving Average
(DEWMA) control chart. Since then, many other
researchers have designed EWMA and DEWMA
charts.

The extension of the EWMA technique to the
DEWMA technique, for example, Mahmoud &
Woodall (2010) conducted a study to compare some
characteristics between the EWMA and the DEWMA.
Alkahtani (2013) researched the robustness of
DEWMA versus EWMA control charts in various
skewed (Gamma) and symmetric non-normal (t)
distributions to examine the effect of non-normality

on the ARL. Rafael & Jay (2017) studied DEWMA

for the individuals based on a linear prediction.
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The ARL is mostly used to measure the performance of
the control chart, Roberts (1959) presented the ARL
for EWMA chart. Many methods used Monte Carlo
(MC) simulation, which is a simple approach that is
often used to test the validity of other methods.
However, Monte Carlo simulations can be very
expensive in computational time, and the Markov Chain
Approach (MCA) can be less processed. The MCA was
first presented by Brook & Evans (1972) to

approximate the ARL. More references on the
evaluation of characteristics by MCA are Champ &
Woodall (1987); Calzada and Scariano (2003);
Chang and Wu (2011); Chananet et al. (2014).

At present, count data with many zeros are common in
a wide variety of disciplines. The zero-inflation model
has become an important tool for analyzing count data
with excess zeros. Lambert (1992) presented zero-
inflated Poisson (ZIP) regression models. Next. Hall
(2000) introduced the zero-inflated binomial (ZIB)
model. Bualuang et al. (2017) introduced ARL
formulas of MA control chart for ZIBpoi.

The remainder of this paper is organized as follows. In
section 2, the methods included are the zero-inflated
binomial model underlying distribution the ratio of two
Poisson means, EWMA control chart, DEWMA
control chart, and Average Run Length of EWMA and
DEWMA control chart with Markov Chain approach.
Section 3 discusses the output and performance of
DEWMA versus EWMA control chart. Finally, the

conclusions of EWMA and DEWMA are presented.

2. METHODS

2.1 Zero-inflated Binomial model

The zero-inflated binomial model when the underlying
distribution is the ratio of two Poisson means (ZIB,,,)
was proposed by Bualuang et al. (2017). Let
X, X 553X, 1, X, of random variables are independent
and identically distributed, where X, is the number of

nonconforming items in sample i with parameter n,

p= ? _and 6. A zero-inflated binomial is to

p+<&

include a proportion 1-0 of extra-zeros. Define

parameters (P >0 and é: >0 is two independent Poisson
means. In the zero-inflated binomial when the
underlying distribution is the ratio of two Poisson means
(ZIB,,), the density function X~ZIB_(n, (@, éf, H) can

be written as follows:

n 1) X ) n-x o
Q(XJ(¢+§) (1 (p+§j IX—1,2,...,I7

F(x) =

1-0)+0/1--2 ’ 0 W
— N oS ,X =
' [ ¢+§j
The mean and variance of X given by
E(X)= ne(Lj 2
P (2)
and

oo oo e ol
2.2 Exponentially weighted moving average control
chart: EWMA

The EWMA control chart was proposed by Roberts
(1959) (see also Lucas & Saccucci, 1990; Douglas,
2005; Noorosanna et al. 2011), which is a chart that
can detect well a smaller than 1.50 change in process

parameters, the statistics of EWMA control chart is

Y, = AX, +(1L- A, E=120 (4

where X, are observed values of the distribution at any
time t, A is a smoothing parameter have a value
between O and 1, Y, is the weighted average between
current and previous observations at time t. The mean

and variance given by
EY,) =1 )

and
Var(y,) = o? (ﬁ) [1 -(1- l)Zt] (6)

The control limits are

LCLIUCL =y + Kla\/(ﬁjp —@-a] (D)

where K, is the coefficient of control limit of EWMA

control chart. When ¢ — oo has values closer to 1, then

LCL|UCL =y + Ko (ﬁ) (8)

The ZIB,; EWMA will signal and out-of—-control when
Y,<LCL or Y, > UCL.
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2.3 Double Exponentially Weighted Moving Average
(DEWMA ) control chart

The DEWMA control chart was developed from
the EWMA control chart by Shamma & Shamma
(1992) presented the control chart with the following
DEWMA ( Z, ) statistic as

Z[ = )"Zy[ +(1_/’12)Z[,1 t= 1,2,.. (9)
where
Yo =4X +1-4),, t=1,2,... (10)

Equation 9 and 10, given 4, =4, = A4 . Thus, the
statistic of DEWMA is

Z, =AY, +Q-0zZ, , (11)

where Yt is the statistics of EWMA. The mean and
variance given by
E(X)=EM)=E(Z,) =1 (12)

and

Var(Z,) =

Sl (1=27) = (£2 426 + 1) (1= A)* + (27 + 2t ~1)(1 = A2 42(17;,)%4}72
(1-@-ayy

When ¢ — oohas values closer to 1,

(13)

Var(Z,) = [/1(2(1 El;t )+3 12)} o2

Therefore, the control limits of the DEWMA control

chart are

LCL | UCL = i, + K, (14)

where K, is the coefficient of control limit of DEWMA
control chart. Given LCL =0 , because the DEWMA
control chart was used to detect only positive changes
on one side.

2.4 Average Run Length of DEWMA Control Chart

The ZIB,;, EWMA and ZIB,; DEWMA control charts
are plotted on the control charts and the process is
considered out-of-control if the plotted point lies
outside the LCL and UCL. The Average Run Length
(ARL) is mostly used to measure the performance of
control charts. ARL represents the average number of
observations required to be monitored until an out- of-

control process is detected for the first time. There are

two criteria for ARL: ARL, for an in- control process
and ARL, for an out- of- control process. The control
chart with the lowest ARL, is considered the best chart.
ARL has been evaluated by many researchers to
compare the performance of control charts ( Chananet
et al. , 2014; Petcharat et al., 2015; Phantu &
Sukparungsee, 2020).

In this paper, develop ARL estimates using the Markov
chain approach (MCA) for EWMA and DEWMA
control chart. Our approach is based on a zero- state
Markov chain approximation, proposed by Lucas &

Saccucci (1990).

The observation is defined as X; where j = 1, 2, .., k is
in- control process and j = k+1 is out-of-control
process

Let ¥, =/, the control chart in the control state V, ,
which each the control chart can be described as a
random move to states Vj,V/,...,V,, where the V, is
an absorbing state to represents an out-of-control
region above the control limit and I is an initial state.
The transition probability (/) is the probability of
moving from state i to state j where I, j =1,2,..., N .

We can write the transition matrix (P) and element of

matrix (£ ) as

31 Plz Pl/v | R,/v+1
P Py Pw | Pona
p=| : o :
P/v1 P/vz P/VN | P/V./V+1
__ __ __ __ | __
o 0 - 0 | 1 |

or

N
where sub matrix R is the transition probability between
in-control states with NV x /' dimension, I is the
identity matrix A/ x VN, 1 is a column vector of ones
N x1, and vector O with 1x /' dimension, implies
that the Markov chain cannot reach any in-control state

starting from the absorbing state.
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Table 1 ARL, of DEWMAy ,,; versus EWMAyy, ,,; by MCA Method where 4 = (.05, ARL, = 370.

@ shifts é: shifts

shifts 6=0.05 6=0.10 6 =0.05 6=0.10

EWMA DEWMA EWMA DEWMA EWMA DEWMA EWMA DEWMA
(K,=1.3787)  (K,=0.5882) (K,=1.8036) (K,=0.4607) (K,=1.3787) (K,=0.5882) (K,=1.8036) (K,=0.4607)

0.01 366.97 364.75 365.99 362.70 369.78 369.40 369.59 368.95
0.03 360.19 354.04 357.24 348.38 368.65 367.52 368.15 366.42
0.05 353.38 343.93 348.39 334.96 367.52 365.65 366.70 363.91
0.07 346.55 334.37 339.50 322.39 366.38 363.80 365.23 361.42
0.1 336.34 320.99 326.17 304.96 364.67 361.03 363.02 357.72
0.3 272.15 253.59 244.81 221.79 352.94 343.30 347.82 334.13
0.5 219.77 210.31 184.28 173.32 340.77 326.67 331.96 312.33
1 138.58 149.85 103.01 112.95 308.99 289.41 290.81 264.95
2 74.82 99.83 51.04 69.50 244.30 229.79 211.85 194.60

Note: The bold is minimal of ARL of control chart.

Table 2 ARL, of DEWMA,; ,; versus EWMA,; . by MCA Method where 4 =0.10, ARL, = 370.

§D shifts g shifts

shifts 6 =0.05 6=0.10 6 =0.05 6=0.10

EWMA DEWMA EWMA DEWMA EWMA DEWMA EWMA DEWMA
(K,=1.1395) (K,=1.2633) (K,=1.4192) (K,=0.7812) (K,=1.1395) (K,=1.2633) (K,=1.4192) (K,=0.7812)

0.01 361.62 363.39 366.95 365.40 368.75 368.90 369.51 369.33
0.03 345.32 350.78 360.63 355.85 365.87 366.67 368.49 367.76
0.05 330.08 338.96 354.09 346.26 363.00 364.46 367.46 366.17
0.07 315.82 327.85 347.36 336.68 360.16 362.27 366.41 364.57
0.1 296.10 312.42 336.98 322.46 355.95 359.01 364.83 362.16
0.3 202.22 237.15 365.79 240.10 329.14 338.22 353.67 345.64
0.5 148.61 191.17 204.14 183.36 304.44 318.96 341.53 328.61
1 87.31 130.30 111.88 110.46 250.87 276.64 307.69 285.71
2 47.75 83.93 51.73 61.93 171.90 211.62 233.12 208.81

Note: The bold is minimal of ARL of control chart.

Table 3 ARL, of DEWMA,; . versus EWMA,; . by MCA Method where 4 =0.05 , ARL, = 500

gD shifts g shifts

shifts 0 =0.05 6=0.10 0 =0.05 6=0.10

EWMA DEWMA EWMA DEWMA EWMA DEWMA EWMA DEWMA
(K,=1.384) (K,=0.42646) (K,=1.8313) (K,=0.42632) (K,=1.384) (K,=0.42646) (K,=1.8313) (K,=0.42632)

0.01 397.60 493.94 497.14 492.37 499.72 498.99 499.89 498.75
0.03 491.66 481.92 490.11 477.00 499.01 496.96 498.80 496.19
0.05 485.45 470.07 482.50 461.71 498.29 494.92 497.69 493.62
0.07 478.99 458.45 474.37 446.62 497.56 492.89 496.56 491.03
0.1 468.88 441.48 461.34 424.58 496.44 489.83 494.82 487.14
0.3 394.87 345.75 363.10 305.21 488.30 469.32 482.00 460.73
0.5 323.09 278.34 274.13 230.25 478.97 448.78 467.12 434.06
1 194.97 183.89 145.13 139.49 450.53 398.55 422.28 369.59
2 99.92 111.88 65.30 80.04 375.77 308.98 315.93 263.25




Table 4 ARL, of DEWMAy; ,,; versus EWMAy, ., by MCA Method where 4 = (.10, ARL, = 500.
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@ shitts & shifis

hifts 6=0.05 0=0.10 0=0.05 60=0.10

EWMA DEWMA EWMA DEWMA EWMA DEWMA EWMA DEWMA
(K,=0.9884)  (K,=1.062)  (K,=1.422)  (K,=0.847)  (K,=0.9884)  (K,=1.062)  (K,=1.422)  (K,=0.847)

0.01 487.92 489.69 497.24 492.79 498.19 498.44 499.82 499.26
0.03 464.51 469.73 490.69 477.22 494.03 494.90 498.79 496.66
0.05 442.72 451.16 483.69 461.67 489.90 491.38 497.75 494.06
0.07 422.42 433.84 476.28 446.28 485.82 487.90 496.69 491.44
0.1 394.47 409.99 464.47 423.71 479.76 482.73 495.06 487.50
0.3 263.41 297.33 374.12 299.32 441.38 450.01 483.23 460.68
0.5 189.61 231.80 289.97 220.22 406.27 420.06 469.70 433.43
1 105.67 149.49 150.12 126.28 330.95 355.64 429.05 366.81
2 55.44 90.71 63.81 68.50 221.64 260.62 328.67 255.04

Note: The bold is minimal of ARL of control chart.

An approximation of the ARL using the MCA to detect
the mean changes of a process is in the interval of the
lower control limit and upper control limit. The region
of the in-control state is divided into k subintervals.The
j " subinterval of the upper control limit ( U),j 4
th

subinterval of the lower control limit (L;) and the i

subinterval of the midpoint (im,) are given by:

v, =+ 20 (16)
m, =h, + 2/ —1)2(//(7,/ —h) 17)
(]_1)(/71/ _hL) (18)

LJ.=/7L+ P

Where, h, is LCL and h, = UCL.

Consequently, the transition probability equation (P;)
can be rewritten as

P=P(L <2 <U,|Z, =m) (19)
form eq. 4 and 10 replace to eq. 18.

Py=P(L <Y, +(1-2)Z,, <U,|Z, ., =m,)
=P(L, <A, +(1-A)m, <U,)

= P(Lj <AAX, +(1 - i)mj) +(1- i)m]. < U].)
=P (L, < 22X, +(L-22)m, < U,) (20)

Repalce eq.16 — 18 into eq. 20. This transition

probability equation is

:P[,,l N (j—l)(:u =0 ey, m,ﬂq(h . (2/‘—1)2(:U —hl)]ql . j(huk—fn)]

/7[

t 2k

Jj(h, - h) ) (27 -1)(h, - h,)
h, +T—(1—A )[/7[ +Tj

+w_u_w[h w]u

B P[}ﬂhL + va;ht) 27 -1)-(A-22)(27 -1) < 22X, <(2h, + 7(/“2’/’1)2] —(1-22)(2 - 1)]

ty _:‘)2(j—1)7(1—}.2)(2/'71)<X, <(/7L+%2j7(1712)(2/71)] (21)

P[m o

2.5 Performance of DEWMA and EWMA control
charts

The properties average run length of the DEWMA,;;
is analyzed within the Markov chain approach
simulation study. Using Equation (10) (12) and (13)
to analytical ARL, we set @, = 2and 50 =12, given
ARL, = 370 and 500, varied with different shift sizes:
0.01, 0.03, 0.05, 0.07, 0.1, 0.3, 0.5, 1 and 2. We

are interested only in the proportion increase, the shift

increasing for ¢, and é:l decreasing, given @and Ais
0.05, 0.10. The ARL, shown as tables 1 — 4 between
EWMA, 5 ; versus DEWMA, ;.. The simulation was
repeated 100,000 times for each case by using
R programming.
In table 1, consider the ZIB ; model with A1=0.05,
6= 0.05 and 0.10 at ARL, = 370. The numerical
results DEWMA detect change more efficient than
EWMA at the shift of parameter less than equal 0.5 for
@, and every shift of parameter for & .

In table 2, consider the ZIB; model with

A=0.10, ARL, = 370. The numerical results
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EWMA detect change more efficient than DEWMA for
all the shift of parameter at @ =0.05, and DEWMA
detect change more efficient than EWMA at @ =0.10.
In table 3, consider the ZIB ; model with A =0.05,
6= 0.05 and 0.10 at ARL, = 500. The numerical
results DEWMA detect change more efficient than
EWMA at the shift of parameter less than equal 1 for
@, and every shift of parameter for & .

In table 4, consider the ZIB,; model with
A=0.10, ARL, = 500. The numerical results
EWMA detect change more efficient than DEWMA for
all the shift of parameter at € =0.05, and DEWMA
detect change more efficient than EWMA at @ =0.10.

CONCLUSION

The paper presents DEWMA for ZIBpoi using with
Markov chain approximation method. A table is
provided to select the value of the chart limit coefficient
that gives the desired in-control ARL. Numerical
results indicate that DEWMA control chart for 0 shifts

gives an out-of-control signal quicker than EWMA

control chart for small process shifts (6 <10). When
& shifts, the DEWMA control chart gives an out-of-
control signal quicker than EWMA control chart for all

cases. However, the DEWMA control chart is not
chosen over the EWMA control chart when A, is greater

than 0, as it gives an out-of-control signal slower than

EWMA control chart.
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ABSTRACT

The objectives of this research were to design and develop the lexicon for the transformation of the transliterated words of Thai Noi
characters into Isan language pronunciations by computer and to evaluate the efficiency of the lexicon being developed. The research
methodology was separated into 3 steps: 1) the study of the characteristics of Isan lexicons totally from 7 books, and one standard Thai lexicon,
2) the design and development of the lexicon and 3) the evaluation of the efficiency of the lexicon for transformation of the 7,929 transliterated
words as a testing data into Isan language pronunciation and the evaluation of the efficacy of the design and development of the lexicon by
12 ancient linguists and 27 users of the ancient Isan medicine textbooks. The results of the research revealed that the Isan lexicons were limited
for the transformation of the transliterated words of Thai Noi characters into Isan language pronunciations by computer. This is because main
vocabularies were not the transliterated words of Thai Noi characters and had a variety of spelling criteria. And Thai Noi font that will be used
as main words do not have a Unicode code. The designed and developed lexicon contained 4,645 main vocabularies, 36 parts of speech, 10
spelling criterias of Isan language pronunciation. The result of the accuracy of transformation of the transliterated ancient Isan medicine recipes
into Isan language pronunciation was 71.02 percent and the overall mean of the design and development of the lexicon efficacy was in a good
level for all items (x_= 4.08, SD = 0.73). Using the main vocabulary as a transliteration reduces the need to build a unique vocabulary for

each ancient script.
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*Corresponding Author: jpolsri@yahoo.com’, nisachol@sut.ac.th®, jeerayut.c@cmu.ac.th’

Received: 11/07/2022; Revised: 20/02/2023; Accepted: 31/03/2023

1



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 248991

1. unin
nsslusnanundngrududuiiianud dyde
msﬁﬂmﬁmsn%’immmL‘T‘Juagi WaTIAANINIVBY
davlusdalunainuanadu andi Useidanans anws
fans ngvanaluna uazdrise Wudu adnlsia
mauhdauazihasdemadmailinlidmsuauily
Fududaefivhlden asmnenamslunaduiin
dednusuazmnTunaiifayiuanlfluud dafu
vialvauitlifenuidiudnusuazmwmluna
snsathld@nmlghedusndudavinmsuiisse
( Transliterations) Lﬂué'nmuasmmﬁﬂuﬂwﬁ'u
Fasearule lagnisusissatenarslusaniy
AsztvIumMsaananesluNaldilusnysuazdnasis
madsunvudagiuedniindnms wisuiissoudy
Fasadsunsulusnuesuazanasisnisiisu
wuuLdnla (Wimonkasem, 2005)
msuFssaanwslunatiudnuslnadagiui
3 3UuuY A (1) 90a3UdnuInTI67 AI6B67
anauavulealidiledadaesru deuldnuns
U335509130 (2) 0003UdNYIUILFENAAINTIAY
Fealumwdidey Fnldfuassaunssuiasduy uas
(3) nangUdnusuazaznammuanasiseasmu lng
Jagiiu Toglifmiladadeslummiuuazsnesiams
Waulutanarsduatiuiitelisruiirlalddradu
(Na Nagara, 1998) msU3assautelu 2 dunay
laua (1) mavh “@u32990” da MsnaagUusnes
Tunandudneslnedagiuuuuaseariuienas
Fuatiu wag (2) M “Mmeru” ds MU
Wuddruuuumedu niadsruwuunmlng
mmgmﬁazﬂmﬂ“wmmwaumnsu drudnduia
EAWIZYBIYAAS Fadoui daiiias sAgUuuums
aznacmugluuuidn wasidewdeessnasnadild

YYY o

luﬂwﬁmml’?tﬁal%gammé?mﬁu dnTUITIUNTTN
Aiasidsulndidsedudnasisnmnadagiy
Aauinannaladaduaaunsidiiissasanly
(Paiboonwangcharoen, 1999)

atalsnd msUSissaenanslunalesuyud iy
nszumsigesldnauasiialdneg emndas
adefUTssefiiussaumsaigauasiinnuieay
sumssudnusuazmnTunandugdiiiunms
Jagtiuyaarnsduiifisnnudasnaaifisudy
Usmnanenarslunadiagiludniuamens any

wenulunsiimelulagungdrelimsusissaenars
Tunanhldsiadaiedu i msiinanuFauzas
Gronuslverulddredu (Bianco etal, 2010;
Hollaus, 2012; Natarajan & Sreedevi, 2017) N9
wlasmwanuslunadusnuslunadldanseiing
o lUszananagionaniiiaadlé (Romulus,
2010; Chamchong et al., 2011; Chueaphun et al.,
2012; 2017; 2019)
NuBIUMUMsUTIsTauasulamn nglusiaee

Inkeaw, Phattarachairavee,
A309 1BU n1sulassnussssudarududisy
mw lnadudaru (Paiboon, 2009) wazn1u1 lne
1165374 (Phromsoda, 2010) MIIANLHLATIFI
Uselem (Suradet, 2011) UATMSWAUITEUUMTUUY
ABNHI55INDEIU (Somsap & Seresangtakul, 2020)
Wudu

ﬂ"l’il,l,ﬂaﬂﬂ:ﬂ(;]”ltlm%aﬂ (Machine Translation)
Wumsdszandldmaluladidriunisuszaiana
AME55588IA (Natural Language Processing: NLP)
nldeauinwedinlamuninyedlidamsturly
WUUMBIWALAzIYNTEY Freaadaiiialunis
ﬁlamsmmﬁmnsiwﬁuuasaﬂﬁunummﬂamm
nszvrumsulamengraeiasazuanaanulums
ANBULERNIYDILAEM AL U ENTEUINNMS
FR9AEARIANY (Lexicon) Tun5UseNIana Lou
N15@0 A (Tokenization) NISUAIFIUNIBNISAINY
%1iaup9A1 (Part of Speech: POS) laatawizn159in
taauiduussNegIu (Text normalization) az1%
asediniitaUSu Saud R enuminedorfuud
deulanarsuvuandsuliaglugluuudeniuee
38 19U M19AsIAuA@Idzna (Spelling Correction)
mM3aagU@dws (Stemming) MIHUAY (Inflection)
AISHFLAARININIINANY (Root) 3o ld@iay
WAuIYn5N (Lemmatization) t ¥ ud u 573N
nszvaumsulamwildadedniifuguluns
wlamwn millszansmwmsulamundineiaily
adsdwiiidugulumsulassiuagfuiunuddnd
Iuﬂé'ﬁwﬁtﬂuﬁwﬁty (Azizan et al., 2019; Intasorn.,
2021) LA ULHEINVIIUAIUNISUTITIOAULDEANS
wlanie Inalusiadaaiaias (Paiboon, 2009;
Phromsoda, 2010; Suradet, 2011; 2554; Somsap &
Seresangtakul, 2020) dauiwm}'aﬂ%’mé’qﬁwmﬂugm
Tuwda nN1SAAAT WazAISAINULTHA2BIAD
(Part-Of-Speech: POS) laglasea519uanaaenis



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 248991

asursdrdniluasdsduiaw lnelusiainy
Usznaualg MANvananusinglusies (Ancient
Thai font) uaz@m@wivananwslnadagiuaming
u wiamwlneanesu siievasd wazANNINg
DI

ABIANY (Lexicon) W38 AWNIynsn tUudwy
oyl Fdedandu 4 wu wanynsy Umynsu viie
ASIURIANY vuI8de niIFad1nsSuAuAID
ANNHIBYDIAINIZEIAINEIGUUN (Office of the
Royal Society, n.d.) Msadunamdwyiazusenauaia
AIANTNHAN (Terms) MITUNRNILUBIAIANWT
(Definition) §n8n1¥5 (Phonetics) Trennsal (Syntax)
wazlassadwrasmhadmlulszlaaviadygvinen
(Morphology) 181 @un dnsen Wuduy ﬁv'qﬁ%uagi
AUIngUseaaAuaInIsasNaaadws (Hirst, 2009)
msa%wﬂﬁqﬁ'wﬁﬁmuﬂmmLméqﬁagaﬁﬁmﬂ%
Aadandmanile 2 35 Aa (1) a%wmﬂwamqﬂmﬁ
ﬁa&iué’a (Dictionary-based Approach) 98N LT
AIANNLATEI A MBI INe (Thai WordNet) &34
INWAUIYNTNAIW INe-89nguas WordNet
(Thoongsup, 2009) AaI@AWuBNAITNIEn
MWIDINGHEI9N WordNet (Eduard., 2010) AR
Anviuananuidnaiwmlng adannauiynsu
M lng (Intasorn et al., 2021) gmﬁagawamqnsu
A137utBade #31991n Wang Li’s Dictionary of
Cognate Words (Fang & Xu, 2022) Wudu (2) §5N
mﬂﬂé'qﬁagamm (Corpus-bases Approach) GRIRILY
ﬂé’qmmv?lww%ammmmﬁi%agiﬁﬁlﬁﬁms’n‘usm
15ud wiasrusinsuanludannunasdre
?28819t8% 1 WIUIYN TN Longman Dictionary of
American English #5197 Longman Corpus Network
U0 330 3IUA) WAUIYNTN Macmillion §519970
World English Corpus 2110 200 au@) aasdwyiuan
anudanlunmwmilnsanuniansaleaulad a5ean
ﬂ'a"qiiagamm‘f;samaNﬁumlwu’mnuw%mstﬁ
Tsausy Mwaud wazuniasaiuadwdinduuu
Tnsanvidade 4,736 uninsal (Lorattanachaiyong,
2017) ANANTITIMINNMNHBINGRFIN 8519900
KKU-BE Corpus #5705 UNANIIRE
unanueaulay wasmisdoiuwanzinmmsangy
ﬁqiﬁﬂ 2110 16 81U (Tongpoon-Patanasorn, 2018)
WAUYNTHAANAUTNANNNFEAT 519NN

swNeNuAaiuilded12lu Line Today $1u7u

11,917 AIINAA LY (Wang, Day, & Wu, 2022)
W

4 I @ Py 2 a
E]ﬂH’SVL‘YIEI‘LlE]ElLﬂuaﬂﬂ’iﬂﬂulﬂﬂﬂuﬂa’]uLLBSﬂu

Se

Uu

aniindeluaaninsauin (TagtuAsuinmuau
guudthlasuasadd.an) Taduiinasudsnd
w.a. 1890 (Wuduan fnlsfuiinilommalan ad
255nssNLadmuRuty d151e0 Insramaad
NHWNIY NIAIATT WBZLANETNIITENS (Hudu
Teatufindumelngdudsuvdanmman duwn
wuluanarsluaiu Usznaudlrenwdasuzided
Uszana 24 5U wiayrusdsean (wdysus 2 Ml
danu) 8 3U a3z 23 3U lafigthssaend anvsisnse
5Ussauanusliludidiulvaazadrandany
anwslnedagliu Ae Nendgruzauuazdisznalivy
usIne Weudszlisaundnrusdu (vin vas vu
#19) fiuaneaie finmslaguwdnrue G wia 6
1Woe vassnussssuduiusnusTusadnaiianiien
ﬂulﬂﬂﬁ'uﬁmuﬁﬂﬂ%ﬁuﬁﬂLﬁammqﬁmwwﬁmam
WIam AN 3NFauTINGIY (Punnotok, 2006) @
inwutdsudzlunuagiane (Kaewplang, 2013)
snuslneviasanlFludaiimssanmsEaumsaauluy
szuulseSaumuwsengtinaaUszondne w.d.
2465 Fafiulovsliaulnannauidaudnusuay
mml‘nﬂmmsgmmﬁauﬁ’uﬁ"aﬂszmﬂ (Punnotok,
2006)
PNNMSTNM BN LU UM TILATIER
Mstdsusnusinedasludisienlusiudaiy
(Polsri , 2021 ) wu1 Jayviniseruuazdsisee
snwslnedasfinsluluaudrsnmwdau laud
(1) mmwmn‘wmﬂwmgﬂé’nmmnmaﬁmﬁﬂu‘ﬁﬁ
smuandefunafiisuudazau meilafisnuenaz
dNNAGBANNYNABIVBINITTEYTUBNBIUADELEN
(2) msaemlegldisuscandnysaIednuITn LAY
wzyansesfidsuiiuanslunnisussandnys
Und wu msldndyruzimaznavasdmnwensdvtiniu
nirusdurasmneavras (lEndnyruzsinnu)
nmsadenginaeiidussansnesiuanlnilas
@euuudsUszansnusilaiuiinnwund via ms
Tdydnwalunudviadanys awulunuues gno
anInd3Uaya) (Somjitsripanya, 1982) IUNTUAN M
d8%18 (Khamluehan, 1992) fadiayd daurle
( Sattanakho, 1999) wae LaN®ds t¥1IUFIU
(Chawsuan, 2015) (5UNY wae (3) DS Inetiasil



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 248991

Snwmz “@ousdranilaudsiudnadranile” fe
mudiedmamnsasuldnansuuy Famseuudazuuy
mldmiianuvringaeny wu “ln” (MUs1550)
ule 3 wuu laun “1n” “laa” “lna” s “th”
(MU1550) 8rula 3 wuu lawn “Uh” “fh “ds”
Wians@idmfisuasnideuniautuudsansosznald
warsuuy 1wy “la” wugduuumsaznanauuuld
wiyruzeu “a” waz “u” da “li” “la” fauazdes
Al iasetuanumsnemMNUS UNY G afis A
azguldgndes Favaiinandnusineasil
Snnudisnystsanianysinedaaiu laifissuend
Mnulnudes wazmsaznadisjaiumsalinseiu
FevyodlinssniniFasiiazng datlu fisassnds
Sududasimmilnsdudauluso wasiinnud
Werfuisaenazsruiuaged Seazvidisuld
aneiaa
nmsUsissaenaslusaisufingresnesing
vasdumauanysinedagiiv md e umnlngay
dauuazmarumm nennassrunuuse luddae
wiaatiy SlludaslFadadniiluduaaunsdad
(Tokenization) WazNISVNAIBIU Fenndhaudasdu
WU ASIFWTRTFdninanfinaresnuslneiias
Hfee 1 181 (Chantao, 2015) waztalianansaadng
Wuwawynsudiannsaiing (99970 Jagtuuuy
Snwslnetion (Thai Noi font) MazldRnwe dwivan

galaifiswagiilaa (Unicode) tiaudladaymasna

v
aw o o

MmaTeiiiahEuemsvannesedwiaEnnsaingn
i dwrvanidumusissevessnusinetias (dee
aaanngusnuslneteadudnusinsdagiuuuuase
M) unudnyivananusinetes Tunaadisen
Tusadau tiagelinssruuazsrissadisen
Tunadmuinlasiadiau Julstlemidanmsily
Anmauniidall Tasasedniiwannsuazsel
AszIUMIRaMULazulaemUTTInasszuuliITm
wazuladnenlunadamudituiingresnusinetias
fremaufinmainldgndeuasiibedu vanani
gaanunsain U1 lunsusenlana N wI5IsNIA
(M3aaa Msmnurliauasd nsula) ms%’a‘h%a
(W12 (Name Entity Recognition) (%1 Folsn Fai3en
81119 LLaz%aﬂHulW’i (W0 d0iing 510399)
msanauazayUarsaumnaludrisnelusadau
viaWannszuudaidsiiuazdanuanydrnm

TusrauwuudaluN®d wazssuudueudistenlusia

1 2 3.
EEEE Al i iusiavesi
(11 g0 459 vithhany) (25,903 1)

=

4

v . s 6.
ATRUNAITZNAMD Y .

Yinfiasn
Widhanasgn

9. p 10.
8. . Y
L ATATBIGNABIVDY wondoyadunguam
PR

Soyarndint Tsanfugdoyn Y

U 1 JusaUMITIUTINAIAWY

(4,645 AV

¥
arndnfiem ‘ A

ol ’5nﬁaﬁ'@ﬁmﬂn‘f_'lamaxamu%'ﬂmqﬁﬁmmmEN
MaduisLazdummlunadudunsanmg
Fausssuiaudaalaild (Intangible Cultural Heritage)
Tievaguazaninsadasaauinnssulaluaman ms
350il (Duduniiasmsidodasmswannnsaums
Maoulunsulasmusissavesdnus netiaadum
shumw Inedudau (Polsri, 2021) wazldsums
Fusesasesssum e lunywud LONENSTUSBLT
COA No. 64/2563

2. JDMHUMTINY
wiamsisediu 3 duasu laud msdesed
Snuazasadnimmlngduisny mIsanuuunas
NHUIARIANT warnsUseiliudsednsmwaasdny
Gaii
2.1 msansianvazasiaminim Ingdusa
ialimnuhadsdwimningdudmuiiioglu
Jagtuianwazediels uazarunsoiinnlaly
aszuIuMsuUaImUsIsInvednusinedaadud
srunminsdudaiuldniala nqudiadialy
msdne laun asadwisunu 8 @y aail aaadne
M INENINI3IU 1 18N Ao WauIYnINaTy
NBUUAABTDIU W.A. 2554 (Office of the Royal
Society, 2011) wazadadnimen lnedudau o
7 18w Geil aynsuamdaiu-lne-dengu
(Pinthong, 1989) Uszanamdwyinwanluianas
Tusia tan 1 - 5 (National Library of Thailand,
2002) WAUIYNIN 3 MW (lmﬁaﬂ—é'qnqu—lm)
(Chantao, 2015) waumniumﬂﬁmu—mﬂﬂaw
avvldisuantfanseumIsnd (Faanmiase) )
( Somdet Phra Maha Wirawong (Tissamah Thera),
1998) wauwnwmmﬁuﬁmu: LINBEIU
( Phimworamethakun & Phimworamethakun, 2002 )
NANYATUMEDENURUY AU Yeym) (Suksang, 2005)
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waz WIUIYNINAIWIBa1u-Inanala (Raksuthi,
2011) Nunadeyalaglfuuviienzianymusas
dwimnlnedusau flgnnmsienzianuasass
Anviildlunisusissatanarslusia
11 518ms ldud wuusnusilafnwemdningn mw
P FANTnan nuaddwy fdsrunmlngdu
daulusa dderummneanasgiu lriieussd
(POS) fifasnefnrasesune Feegels:laail
MAINY Aaaeads waslidUsisse

2.2 N598NUVUUASHAUIAGIANT
msapnuULLazRanassdniutaly 3 Jusaundn
Graii

2.2.1 MIVDAUUVUALATNFIUTDYAARIANT |
4 tueau 1dud (1) nmssanuuulasaingiudays
AIANY LUSEAULLIAA (Conceptual Schema Design)
Taen153tasIeWiBuna (Entity) wuann3dav
(Attribute) PRIUFILEURG UaTANNTNRUSIEN
Lﬁuﬁé (Relationship) warluszaumeanmw (Physical
Design) l¢uf matdanszuugudoyaiasldadouas
LA UAFIANT (2) msa%wgm%mgaﬂé'qﬁ'wﬁmuﬁ
sanuuulidrslusunsnianisgiudaya SQLite
Studio (3) NMSIATILALNUAMTFLAAMANY LUAR
dwiamwlnedudau (lanasgadenduduild
Siasiansazasadninwm Ingdussn) fauiu
Snuazrssmm Ingdudau (Kingkham, 2013) il
d¥anaeimssznadisunm Ineduday uaz
(4) Mvuesiinaasmanwy (POS)

2.2.2 MSIVTINEENT Usznaudis 10 sunay
(gﬂ‘*?; 1) laua (1) ﬂmmﬁagamn@‘h‘swmﬁﬂ%aﬁm
e lunadsuiduinliluluaiudqe
anuslnetiay lown d1518717aNNI%e 39uda
NMAITAN LN 5 uaziEIaNN Snawani
SawSadeuifa tan 2 WnIAaLEanANIzRTUT
Uissamnannanesinatdagiiuim 11 gn 459 wih
AU VUAMANT 25,903 M (2) HFEIINAAA
meiiameldsunsululaszandiise loasauusnld
arimsdamuuueniige wazsaud 2 Mnaside
ﬁnmuﬁv'u“?iqﬂ dmsuuendridszaniludilon
(3) asraunmsaznadmlriiuniasgiudanny
(4) MNusieaeIa) (POS) (5) M@1US1550289
Mmanrudazd lagldnanmsusissaanusineias
Wudnwslnadagtusndunasilumsiduiese

a

(6) asraaNugnaslagiigunud i nInGINa

fenduatiu (7) dam Tashmdnrluiace
auaraualansslulusunsulaulasvandidnia
NN AwRg0an (8) Muuaneazidaans
pdunaddnioulassadigiuioyandadwii
panuuuld Tagdadunganunineuasmanyilaain
MsFuAuNNASNANTM I BaIugaLdeINUAIANT
mwngdudamuiihndnmlude 2.2.1 uazdudu
Lﬁ'maumﬂaﬁqusmmwgnméﬁfn’ssul’wﬂ
(Wuthithamwet, 1997) t3ulzdgiudayaayulng
AMELAFYAIFTAST NYWITINEIFEQUITIFE 1
( www. phargarden.com) uast3uladiualneg
(www.medthai.com) 1o 8 @1 @ Wi L a1 81508 UM
MasuralaazldiSaavuananinawlusia e
wuamRuthudsu wasssyunasduduiayaiiy
“Fumwual” (9) mmmumwugﬂﬁawaqﬁﬂﬁwvﬁm
ﬁnnwﬂuswm%qLﬂu;}'ﬂ‘%aﬁm‘iﬁwmaﬁuﬁﬁwm
dnw waz (10) wendayadangndayamulaseadng
sudayafieanuuuly tuiindeyauuulud csv uas
g (Import) deiulugrudayas
mMsWannAsIFwiasil#adafmaneiie asn

]
=~

fidehnandrdgdamsaamuuudnluiafe Jaguu
dalufigruanuiianiranldlunisdad
wanynsudidnnsadinddrdwsimzdrudrise
Tusraudaru visnavtannudie lusrudau
(Corpus) vwnalug drwsuldiludeyailnuazada
Tueadnsuaamuuudaludd adrelsiaulain
LLuJﬁﬂﬂﬁLﬁﬂUﬁﬁﬁm]ﬁE}ﬂ (Longest Word Pattern
Maching) LLazﬂ'liLﬁEIUﬁ'lﬁgu‘ﬁ'Q(ﬂ (Shortest Word

Pattern Maching) snlglumsand aail

$ ool

saud 1 madisudileniige tosnddwid
tuiinlushnaTunadauiislszaniidudiamns
Aaudnann Taswziion/ olsa/ da3unaims
LLGZ%QGHHIW? MSANAINEAMNUTUNYBIAITIEYN
Tdud avdsznauduiiomidauludfusnda
Tusa 12 ndu (Faen/lsa/e1ns Faayulns
Fadru U5naild 351 uayulng 35a3auen
351%en flhe Tuuazan mon WENIsn M5y uas
iiamidesdu 9) swdulasadumadsuusses
iame3uen 3 Usziam (e‘h%’umﬁiﬁtawwﬂqulwa
Tumsdnwn eiunitlfayulushudumn wasdhiu
gilFamrzaronlunmssnm) 15 suuuy (Polsri,
2021) GIBE1NNITAAAITY  “eIufunsIL9itd)
winynganenzing...” Wumsuendszianld
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M917 1 nMsaamamsumnauauasaszith

a0
CV,

o f o =M o
. fatemila s
i) ng o o o ]
($IRAAINE) un
PTG VLT
1 Vi C TaTo W lu us cvveTesveTs ~
2 V,+C+ S Tan Tnu uas Tue cs
3 V, +C+V, +8 e wiie da i
IEREX: i v VLTS
4 V,+C+T wai la 137 Twaj tén €
m
5 V,+C+T+8 wWu 1y win uiu
6 V, +C+V,+T+S ] iy
— — VLTSCY)
7 Ve+C+V, +"8 L&Y LY LWeY v
T i uainy
8 Vi+C+V, +T+"8 [STETNNTE] 5 5
- . ANBFNANNZNN
9 V,+C+V,+T+"8 +8 @y (Jau bl nd
CV, CTV, S
10 V,+C+ Vu+"a" GEERGED) sy
11 V,+C+Vu+"a"+8S wian @oe wdes
12 V,+C+V, +T+“” e v,
13 V,+C+V,+T+"8"+8 wau (Ualua) (dau Aaneifa
o 1 v CV,
14 V,+C+V, wn M wn wh uh e EVCV,CTVS >
>
ma
15 V,+C+V,+S Twu ] crvs
16 V,+C+T+V, 1 wth Tz 1 _ .
17 V,+C+V, +S 1A

M990 2 NYMSAAMENSUMTTUGUMaNEYIUL

') ng atedmiile (nassasud)
1 C+T i fi e

2 C+T+C i (u0) du

3 Cc+C AU 0N {Y U

4 C+Vb 21 A N

5 C+Vb+S$S wIN MY 2M

6 C+T+Vb 3 ah 1 wah

7 C+T+Vb+S$S 1hu 7 mMu

8 C + ldvume + S 1 wils vin Wu

9 C+Vu kT

10 C+Vu+s fu fu @Guan) du e
11 C+Vu+T %?7'

12 C+Vu+T+S %u (waz) rﬁu ﬂ%'l\‘i ﬁu
13 C+Vb+T f%/’I

14 C+Vl v

15 C+VI+T wy o

16 C+VI+T+S gu 4y (unan)
17 C+VI+S 20 WO (W1) an KN
18 C+ Vu+ “p” ia

19 C+“p” A8

20 C+“d” +5S 280 ABN YO HBA
21 C+%9” +T Ao (Tsaniiandie) wia
22 C+T+“D” +S @au (\fan) fau tlee
23 C+“ +8S nane e

24 C+Vu+S+S+G Jund uns

wnzayulwsidayulnsnnnt 1 #iia dadlddy
“enudauudiliiiieniudmyindamensying.” deh
Thwualszamaasd (POS) lumiuszandiadeann
dlaavaradvinladiedy By “erudsuuda”
(Hoen-1w) “BRawasmiig @mnsamsihe-S el
“ginaandn” (ayulws-wn) udy

Ui 2 drediBmsuazadnsM G A

saufl 2 Témaifisumiiauiige iaiininudmdw
Tuadadwl#ldinndu massyrauwavasdinie
wenedazldngilannmsienzimsuandnusils
Gaudrnelunadsu lesihafirunssadly
5oUM 1 wnzAfifianuenaud 5 daenus sull
(EdwimduduszanludmanTusnadsusiuinn
i udIsnesaand 5 §I8nEs) Fafmmung
m3vszand 2 guuuu laun (1) Miududeasy
GuTlD) waz (2) Midududendyruzdmuna
(587M) Lmzwé'numuzﬁuﬁﬁé’amu (Vi ViU Vid ¥iel Viey Bel)
eazidzanguaaslumsd 1 uaz 2 Teafvue
et C unumdmusdu/Mauna wysusdu
AHGI0W VE uny #5291t Vb unuesevas Vu unu
F55UU VI WNUFTEAI S WNY 6IFna T unu
1550uend/1il6d G unumud Tasnglaseashail
Faansudludrisierlusrudaruiineuinetioy
lasnnguissasznammuduatiu wu Juues Ju
a7 s Wudu lumddeiitedingdmiudasmig
Gamsudiiiasdatfien uazwindrlalinseiung
Tassadesalatasazasdtulisusn deinfud
wanEwENE eI aY dWausnduminy
MlulaaNunINg U “HIBER” “unduns” “gnsm
S2” Wudu mndaimsazaamazliisaammeile
wnu waannseadinalusaud 1 wazseud o
%mnaaummgﬂﬁaﬂﬂﬂQL‘?}mmnﬁﬂﬂ%ﬂ WINg

L4 o 1 Vv = Y o d' Ty k4
aamligndas wialdamnlaifianuming azudlase
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¢
AATIUYNA

e

o <
AINTTUA mmunm

I

= o 3
Lﬂaam‘mcg*m:ﬁu

U-=9,0->d, U-=8,5-=0
A-=MW73-=8, 8->, N7 >H,¥->%

v

nlasundauzdazna

WBiny = U, wina > a,

winn = 0, Wwinu = u uga

. al
Ui 3 tunsuwezmadumsulasmsunduiiudmuiiem

fladnsaunils Wy “ne” e ssgmiSuudidiu “nsine
waeNFREAEMsLazHaaws MIRamURU 2
2.2.3 M5MAUIITINVRIDNES Inetiaadlei
wlaadmsrumen Ingdudamunsuluiludusisse
e lFTudmdnwivanlunde ﬁmu@ngé’qﬁ (1) 6@
\3aamanenssagng fim3ud waswiyauzaiuna
panlufanua tiasanawdamulifidiaiuna
(2) dmsuiilindyrusduniamaznailafsalily
anusneties (AAFUNNINUONITAYUW NT)
Tildndyruzauuasargenansianidas laun
wiyzuzdu “a” wWaswdu “v”, “9” way “a”
wWaswdlu “a”, “ns” wWaswdu “n, @ Waswiu
“o waz “5” Waswdu “a” dunduruzrsznaus
anlasudu “n” winadsuidu “0” winu
wWaswdly “v” winuldsudiu “u” uar (3) astle
Tihudsuduasslalinme (Snvslnetaslifisy
aszlalidhn) aszg wWasniy d5:g (Snwslnetian
LifigUaszg) Mntuhdmuiissaildnasnaiisudy
mnmauatulwenasluau maldasenuazyinms
unlalinseny vinasdenialiuwilaacaavory

e mey agaegui 3

4

& a PR .y PRy
amiafiwwens, 19, 191, 41, Whmiiudu

O

e = ol =,
wlasdunauwiuaniiegm

] C |
LUTHINANZ R llI.H‘, 127, U, HAuYy
/

[ |

As1aA 5 15 TR uenET Auntiy

..2:,.9.... VR e

ﬁ:rcni’wo @0 mi-&‘)-@‘) o1 e&m?:&u

3. msUsudiviseansmwaasnaiann
mstseidiussans mwoasadadwy wiadiu 2 g ol

3.1 AINQNA Y (Accuracy) lunisudasdn
Ussadlumsrummn ngdudsu nagaulagiie
Usrssavesdrsuenlusiadaru 807 @15U U@
7,928 é lludasdudaruaislusunsuulasd
Us15sasneszasinevasdumsumenngdudau
ﬁ”l%’ﬂé’qﬁ'wﬁ“?;ﬁ'eum%umtﬂugmmmi’ ATIANDANG
M lddumasasdiinn uasdnumias
asmwgné’awmmsuﬂaqﬁwﬂ%assm*ﬂuﬁwa'Tu
Usznaudgaanmsi (1) anudanaalssanely
330 (2) anuranmalssnulasdiin (3) nasIu
PBIANINHONEIN (4) UBLIDUIZANINHANIIA
ﬁv'wmﬂ (5) 5aﬂ§msﬁ1uamﬁqf}

3.2 ANNHNLFNUNITRDNUUULALNAUIAGS
dny Usziliulasunniwrlusia 149U 12 Ay
NnadtinveayauriiGuazaoniuIvedalzuas
TMUFIINBEIU NWINYIFENWIFITAIN Wz LF
Usglgminndmaenlunadau loun dndnwnszau
USeya03 Fuii 4 nangasunngdunulnedszand
ANZUNNEFNFAS NININNSENIEISAIN TEIUMS
SausredIndisenlutendslusauinal U
27 au TFuuudssdivanumanzanlumssanuuu
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Sesazanugneavasmsulasiirssadumen =

Sagazanuiiowarnlsznndliian =

o 1 A v v,
meniiulatlagneas

fMamdszandlizan

HUIEININNG

Aanulszanulaading

Sagarmuianaralsennulasmiig =

HUIEINIVNG

— x100 (1)

DVIUIUPINTNA

x100 (2)
x100 (3)

NATINANUHANNIA = ﬁmmmmﬁmwamﬂszmwﬁﬂﬂiﬁn + NUIUANNRNOWAUTZLANULU AR (4)

HATINANNHAWAIN

SogazmNHANONINNG = x100

FUIUMTIHUR

M9 3 MmN luaaidnwy Muiissa-merummn lnedudau-

Maum lneanasgiu ivanniu

Uszananudanius I (A1) souay
1:1 2,858 61.53
M:1 1,677 36.10
1M 64 1.38
M:N 46 0.99
ERTY 4,645 100

wazWangudayaltueiasiialumsnunudayas

%@ 570UuU Rating Scale 5 52U
3. WaN13IvY

3.1 anwazaaIaninIw Ingdusay
TAS9a519LaLaNHUENITBS VA ANT LUASIANT

v
a o

mw nedudsunildludagiu dmnnedeedeny

s I3 v a o

aail Mdwivaninwasuuuanesingdagiu fules

]
o

1 luRRMAnTvanfnmeLuudnysInetios fa
wauynsn 3 e (Inedee-dvngue-1lne)
(Chantao, 2015) Suunziinzasmidu 7 sile laun
AUIN AIFTIWUIN AINTE) @Bl A ywun

o o o

MAusIU wasdIgmu inseduviaanunanay s
AMANY He1a819mslEd (@mzued) lufidase
NuuarMAenae LilidUsisse mdwvidiulvaj
Funanmssanssumll mdwinaadnslusa
gauiisnuies uaznszdanszneagluviven 1
Trlaiaainsmhadedwinmsnsdudauidagly
Tagiuldldlunisdadiuazudasdrusissnvas
snwslnevasdudmarummnnedudsudanials
Tosadednridaciidnuaziamsiisdade fiddwy
wanfigznamuuuisisse fderunelnedu
U waznanamanyiluvainamnenlunadau

(5)

3.2 asiaw @1U5I330-A181un 1w Ingdubeu-
maunw Insansgiu Janvus il

3.2.1 (Jueasdnnvuiadisne lusiadau
femdwrvaniumusissavesanusineas 1uu
4,645 @ wundu 4 Ussanaruanuduwus
seredUsssauasmeumennedusauiinuly
A 1dun @Ussse 1 @ Sésw 1 d (1:1)
#U325590 1 @ Tdrerulavaradiaiu (1:M)
d1Us1ssavaradIiaIg I udILGeIny (M:1)
wazmUSIssaudasmilmaularmafmuazmaiuus
ardsuiimusissalanarad (M:N) 6905197 3
Tasvadngudeyanaedny Ussnaudieg 4 01999
léun 1AW ( Vocabulary) tB@N&15814984
( References) @ 11U 5759 ( Transliteration)
LarA1U31550-A18 1un 1w lnedusay
( TransHasVocab) AT NENWUSTLNIN1401519bu
gmﬁagauamlugﬂﬁ 4

udayandsdwriazsasiumiiissauasfeui
flanuduiusn 4 sUnuY Taadsrumu lnedy
daulumsemanyiunaz@azil Vocab_id Auaze
Wy MU0 e’ ideunivae 2 @ laun
“« Fou” uar “Ldou” il Vocab id @D 1325 Uay
1328 MNUAIOU lagsgazidaamadurelaseass
gmﬁaga (Data dictionary) Ag¥an (Pimary key: PK)
uazAduan (Foreign key: FK) 2a4UABZANTIN UWEAN
Tuansni 4

3.2.2 #UAUDIAY (Part-Of-Speech: POS)
Nuiseil huunsiievasiluasedniasniy se

a | v 3 VoA °
U (G]’]S’N'Vl 5) Iﬂﬂlﬁlﬂm“ﬂﬂ’]iLLUQﬁuﬂwaQﬂjm’]N
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mad 4 dednelanaiegudayandsdwimusisn-maummingdudau-maumenlnginasgu

Fauannstnd wiinvasiaya Mmasue Famaa
Vocab_id (PK) @182 (Integer) SHAMANA Adny
Isan_word oNHS (Text) feummn lngdudanu AN
Thai_word 18nH5 (Text) Maumn ngnessu AN
POS oNHS (Text) afiauaed AN
Definition oNHS (Text) Masuamany AN
Ref id (FK) @182 (Integer) shdlanansaNde AN
Trans_id @182 (Integer) shaaUIITI0 MU0
Trans_word @1nEs (Text) MU0 MU0
Ref id (PK) @182 (Integer) SWALBNENTH19D4 LBNaENTH1994
Ref_desc 18nH5 (Text) Falananssnada LBNF1581989
Vocab_id (PK) ¢t (Integer) svaeAwy MUBsI0-Msume nedudau
Trans_id (PK) ¢t (Integer) SAARUTITIN MUBsI0-Msume nedudau

myi 5 edunelassiepudeysndsdnimuiise-maummingdudamu-maumminsnassu

aau POS Aadung ghagamdawninm naduda
Aeauauy (Proper Noun) %38 Miunulszinnamwizaud R R
1 NPRP 4 4 P NeNss, LYWWANGS, AUNANGES
Tildznen olse Foayulns
M wie ngu (98) Uszunnzialse wis Faianeimsuas . .
2 NSMPT §IUe, Bea, Hwinnld, aawum
Tsa
fnndssinmeayulng (e, §a5, J0g, nszaneen) wis AuMn (ANAN), Baaem, BnMafy,
3 NPMED |, W o e o o o
duisznauvesiia viadad mhainldhiduaulng Tumnndiau
4 NPTBE MuNUsznnsiinuade) (Noun of Pharmacy Type) W, WY, annau (gnnasu), c'gu (W)
T = - ——%
. u 17 (110), e (AaULEU), AU (WILDINAEYU), NS
5 NTME MunNlszanan ¥3auantia) (Nouns of Time) 4
(tnen)
. 4 o Tunils (Fund), Tusas (89013), Tuan (Ws), Uzia
6 NDAY AnnsznnzaIu (Nouns of Day Name) Y
(WeWauUN)
7 NDRT Munlszanadfie (Noun of Direction) azduan, aziuaan, wila, 16
Munulssinneaien: waziadiiiedumalusemenywd R R w44
8 NORG e way, 21, da, 1N, Wudy, Nuila, vihwn, @ae, [en/iEen
PELE (k)
9 NMTH  énnadseiandolfauneaunsng WWau 1, e, 8, (Je9, WWaudu
. . . . o ., Wik, da9, @, ., 1, 2, 3, ..
MNNUTLANTUIULU W38 UIUBINTUU (Noun of > ’ ™
10 NCNM
Cardinal Number y 5 ” ¥
) a1 (&), 9w (25), dae (3a8)
11 NORD MUNUBNFIAUY nn (usn), the (gavhe)
@3B (Common Noun) w38 dnnumllues au fia dad  wema (fne), wid (Gude), Wnias,
12 PDMN o Y .
wariauag &, nannld, an, lu
13 PPRS d59W1NNYB9AY (Personal Pronoun) Wiy, ™y, e, @, e (1)
Usziusasswiny wiaasswinaliunudmuny viaasswinui . o &
14 PREL ) N Ay, BuNu
N8N (Relative Pronoun)
15 VERB fnsenmly Wlaildnsenlungueimathe FBwmsanen 381dn T, e (9), 2, T4, w0, #, § (), 1 (adev), v
A . Ta (uan), wou (1), la, sandau (uauiaw), dou
16 VSTMP  an3enidsstnnaimsthe (Verb of Symptom) . .
(5914), dU
17 VMTD  én3endseinmsiasanen (Verb of Method) Wi, um, 6, fa, ur (u), M
18 VDRCT  @n3enuseunnislaen (Verb of Direction) iy, a1v, au (sw), gu, lwe (W), wa (Ww), Tae ()
19 XVRB n3ente (Auxiliary Verb) aeh, (e, g, § 2z, 1§
20 DCNM  éuanduiu (Determiner, Cardinal Number Expression) Yo (W), duuasu (adnasdu), 48U (Nnau)
fMnsenanalzuund (Adverb with Normal Form) léussnau L .
21 ADVN " o . - P now, ag, WAl
y3azenamn3en vl lannutauuazasidaninniu
22 ADVI fMn3enianalzudd) (Adverb with Iterative Form) nau2 (nay 1), nag (na )
23 ADIN MAnAWiUUnd (Adjective with Normal Form) uvn (in3en), nd, &, uas, Tnal, gu, Tna, des
e . UWHN2 (Uhn ), ueN2 (W ), 2122
ADIJI MAUANNFUMT) (Adjective with Iterative Form) , \
24 (@72 ), qu2 (YU 7
25 CUNT Faveiiyu (Unit Classifier) fau, shy, #n, U (Fau), te
26 CLTV anuULINNLUUNGH (Collective Classifier) a, gy (wWIn), e, NN, 19N, Tray
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m3i 5 (da)Medualassaiugudayandsdnimusissa-maummingdudau-meummlnginasgiu

ey POS MAadue magemdmimu nsdudan
27 CMTR ANUUZUINIINTIA (Measurement Classifier) as, 1, anian (Umeindes), i, a3
28 CFQC MuandnvaaNud (Frequency Classifier) i, s (%), mu (a%a/0a)
. - .4 {1, waz, wdd, W, sz, &, du (mn), Auih (mn
29 CcAT MaYsIU 138 AN (Coordinating Conjunction) )
30 PREP FYWUN (Preposition) 16, a9, uie (uw), Tu, maly, megw, Mmenas
31 EAFF Mavdselaa (Ending for Affirmative Sentence) 100Y, Hua, m‘,ﬂ'au, LY, Ua
32 NEG Mufias (Negator) 4 (lai)
33 NEGI ﬁwﬂﬁmﬁgﬂﬁv&vn (Negator with Iterative Form) d2 (li 9)
34 PUNC (A3senInenssanay vieaulszleneSuen (Punctuation) 9
35 SPELL D00 INFFRN, §9M WuLe 1hn
36 UNK initszymanamlaild Tiwila walild dane mnaw gudl aziu
27 CMTR ANUUZUINIINTIA (Measurement Classifier) as, 1, anfan (Umeindes), i, a3
28 CFQC fMuandnvaaNud (Frequency Classifier) i, s (%), mu (a%a/0a)
. . .4 M, waz, udde, Wudy, g, &, du (nn), duh (wn
29 CAJT MU 98 BN (Coordinating Conjunction) )
30 PREP fuWun (Preposition) 6, ag, die (uw), Tu, maly, megw, mavad
31 EAFF Mavdselaa (Ending for Affirmative Sentence) 100Y, Hua, m‘,ﬂ'au, LY, Ua
32 NEG Mufias (Negator) 4 (lai)
33 NEGI ﬁﬁﬂﬁtﬂﬁgﬂﬂaﬁ‘gﬁ (Negator with Iterative Form) 2 (I 9)
34 PUNC (ATBIMINENT3ANBY WaBauUszland3uen(Punctuation) 9
35 SPELL D00 INFFRN, §9M WuLe 1hn
36 UNK nitszymanamlaild Tiwila walild dane mnaw gudl aziu

Vocabulary

lsan_word

Vocab _id

0009

|

Transliteration

Trans_word 4

;

B
|
M
1 Vocab_id
;

References

G

Uil 4 unumwiBuiGuaseNuFIussIz B UG lugudayanaedny MuTisa-memmmingdudau-mamummninganasyu

MNEFNWUS (Syntax) Tunrwrlnaninsgiu
(Thonglor, 2000)  WANITUUNTUAUDIAINIY
Tassadamsidaudnenlunadau

3.3 nainrsaznamaumw Ingdusa
issarnmw lnedusaruluudazdininas
Snwaziame: daiy mdndadefuluundinde
anfideandnyaus a5z vialnudenssnendaneiy
(Thonglor, 2000) Wlvmsaznadmerume lnadu

dEULHRINMITMNUALN UM TEE NI AN T e

10

LY

waluudazdaniade lasnuidadmvuainaeins

(Y]

gznadmarumudiisanadmiaumasauuas
MWEUG (emJQﬂ%aﬁmﬁﬁmmﬁuﬁﬁwm?iﬂm) TG
1ai1°if'w€1'ty°nuzﬂQUﬂ§1Lﬁalﬁ’aaﬂﬂﬁaqﬁ'u
Snwazmmzrasdiiisamningdudsui lifide
wiyrurAIUNE sndImanenusnmsluuunsly
manwuulusaanl wadsslemnidamsanmanu
MNMEN3 waztdumssnusITnIAUEITHNMUME

2AIUADEN DI UTITUNTANMITNUSSINNAUA B
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919N 6 tnawinsaznamenumM lnedudanuusziladmsaznadmay

LM IaznAMBIUM Ingduda

mil3rsn

AIBENNITETNAAIB I

M nadudau M lnaannsgiu

1. Mikeudeaiasanuminetudmmmnlnsinasg 1¥msaena fiu fiu fiu
Mmomuwaynsuatunelndioasou w.6. 2554 Wy u ]

WV AU AU
2. éil weudesiasenuminetumaumem ngsnaspuniiiea UM umiim umiim
m3iud limssznadmmananynsuatiunsdudiosaniy w.a. Fundudl fundun3 fundun3
2554 unMAd UNLER UNLER
3. M weudesesamamanesummmn insanaspuiiuy ey uw uw UWs
na 5 a2 Wmsaznadmmudsemwngaudan (ilindyaus annau annau annaau
mun’évw) NN [} 1IN
4. Fiiimhedsandooue /8, Idulimedudemwdapus 5/ \#au Fau, Hou Bou, Gou
Tumwnlnganassu Tindamus “a” sznamaseiudaanmning a1 N, 8 9, 59
fudanu gau gou, dou Jou, Jau
5. fiii wheEsawdme 2/ ﬁtﬂuﬂﬁmﬂﬁmﬁmwﬁmww /% BN N H
Tumwnlnesnasgu Mwdypuz “o” sznamassiudsmwlng g 2 et
fudeu \gan Wan Fan
6. mmm lngdudauiisuissaustandrondysusdu o/ /a/ \deau, @au e e
M/ wazlsrandnoasAiidesndeny (ssudiosau/en) udi an, dn, @n n, @n an, @n
anuvnamilaunu sznamlagldwdnruzuarastase Fznuad, suad Yenpy, dupy dilag
ﬁutﬁmmmlﬂﬂﬁ'uﬁmuaﬁﬂﬂwﬁu Sundud Bundun: Bundun:
7. i nedudanuidiUsissadszandigne winus 89z (Fe9 3B, WA LWa DY, AN YRR YRR
e udfianumanedientu mssznammuEsamen ngdu UNATE, UV, unasyed UNYIR UNYIR
dnuadeadagiy
8. mitudmmmslummlnedudean Wnasimsaznamamudos  wanndewn wanndath S lweman
mndudnuadiadagiiu Auan AN ANAN

nagu Mauau VBLEY
9. ﬁwﬁnammmnwﬁm%usﬁu “f WNEN” BNET 28NN 2e1n 2e1n
Inedos mesznamanligundymusduiu “as” ay ag agl

B8N 2t 2t

aEn athn athn
10. éitimhedsmiyrusduiude o ndn ivsudonia e wan nah
anunmneiummMen lnganasgiu asnadmmunANYNSHATY WNEN U Huea
utadinsaey w.d. 2554 uamnfludmdwimmslumunlngdy  gay aau WS
danuldaznadmee “a” Vg waju vy

1ai'l@ (Intangible Cultural Heritage) 299%16 d1%5U
AdniAnesdaeiasanunuefudins Ing
wasyazlinasinssznamaunamnynsnaty
Stadinodany w.e. 2554 tite lisudnlaldde
Tagmwuanaeinsazne  Ae1unw lngdusau
18 10 98 Gams 197l 6

NNM51T 6 aziidsumen lnsdudauunedmi
Wudiderfuudiidrsrudredy daiaarnila
USssadisuaznaceny matiudayalugiudeysss
Lﬁ‘uﬂ%aswLLazﬁm'mmmlwﬂﬁ'uﬁmul"innﬁﬁ
i lidanndasiumssanidsandyus wazase o
NFSAURATU

11

3.4. wanmsUssiiuszansamaaadny
namMsUsziiudseanSmnwassdnyidUsissn-aeu
mwlngdudan-mmlnganaspu ludumsudas
d1U31550909d1 v lusiad s uivuiingle
snuslnedosifudisruniwrlnedudau
(5299 7) H380uUANNYNABY (Accuracy) Fp8AE
71.02 stm‘*?iﬁmmgﬂﬁmmﬂﬁqﬂ A9 WU 1:1
Soway 51.72 S09NNI AB LWUU M:1 3988% 19.30
duanuduWusUszan 1:M waz M:N danugneiad
Jowaz o lealluanuiionan Sazay 28.98 wiailu
Useiam “ﬁwﬁlﬂﬁ%’n” Sauaz 28.88 svaLinanla
imuUsisseasnanlunasdny wiamusissaiimaiu
nnnh 1 @ ldaansamzasmauiigndasld uas
“udaemiin” Saeaz 0.10 mmqtﬁﬂmﬂﬁwémﬁlﬁﬁ
ANNINE LigNABINTMNUIUY
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= a v PINTS o v - S e 1 a2 Y @ @ ¢ oo (a o 1 <
13NN 7 wamiﬂismummgﬂmaﬂum‘suﬂaqmﬂ‘niimaqm‘mﬂﬂuswmamutﬂummumuﬂwﬂnuamu‘[mﬂhﬂmﬁwm MUsIsI0-Maumen lngdu

dau-msummilneinesyu

Imnumliine . fawaa
Uszanan gneaag —— —
nedau alaisdn wlasdiia ERTY
ﬂ%35<jm o v ° v ° = v ° v ° v
M Sawaz M Sawaz A Sawaz M Jauaz M Sawaz
1:1 4,396 55.44 4,101 51.72 292 3.68 3 0.04 295 3.72
M:1 1,775 22.39 1,530 19.30 240 3.03 5 0.06 245 3.09
1:M 1,308 16.50 0 0.00 1,308 16.50 0 0.00 1,308 16.50
M:N 450 5.68 0 0.00 450 5.68 0 0.00 450 5.68
ERTY 7,929 100.00 5,631 71.02 2,290  28.88 8 0.10 2,298 28.98
i 8 wamatszfiulssans muwassdwishuanumnsanlumsaanuuuuasannadadn
i) FamMsissiiy x SD Uszdnsow
Tassadnadsdwiianumanzauiumshlulfulasmusissadumammnngdu 4.08 0.67 @
! dau uazfaummnnganasgiu
2 fmdwiluadsdwinsaunguardniluminadmnmlunadau 3.83 0.58 @
3 Mnumanriiiieawasniulivsissadnmlunadau 3.55 0.82 @
4 amamnzaNTaNaimsaznamemn Ineauday 3.91 0.72 @
AwaennNEms 3.89 0.71 #

nansUssiiudszansmmenuanaminzanly
ANIDBNULUULIEWAUIASIANT (a15197 8) Wuh
@hLa?itmnimmiwmﬂzjué’mdwﬁv'qamﬂzjmﬂulﬂlu
fiamaideardu Tasdnadsnndiusglussdud
(X =3.89,SD=0.71) Iﬂﬂiﬁﬂﬂﬁiﬁﬁﬁuaﬁ'ﬂuﬁﬂ
fige do Tassadugudayandsdwiiianumanzay
dwmsumaih ltldudasdusissadudmarumening
dudauuazdmsrumminsnespuegluszdud
(X =4.08,SD =0.67) warnamsUszdiufiiiaaas
teaiige fe Snumdwisiisswadmiuliviiee
dnenlunadaueglusziud (X= 3.55, SD = 0.82)

4. %ﬁiﬁuazagﬂmamﬁﬁ'ﬂ
sqUkauazinsalnamsIald 5 Ussidiu dail

4.1 pudayanasdny “@miUissa-marummlng
fudamu-merummlneanasgu” vnnadse
Tusradaru 1Eswsnmdnriannd e lusu
senuiiUsissmnnndmnamlunadsuiiuinluly
MNUMEDNYI NN wazeammeaia Ndadne tu

oal

AstivnaMANTmIzmuazlamaninasanuaNy

v
ol 4

@ABINITNINNIINITIIVTIVNNABIANT DA N5
o 13udr mssunndmdnilFnaisenh iasan
Tidadaarlunsaumiuazdaidandr dweii
GBINITINUNENTDYANAIBUUEY dI1TUNITI
Uselaaludsvenlusradausnaadmeolalianuin
flanuiianaradnimsaameraTusunsudaa
M ne (Thai Word Segmentation) %1 PythaiNIP TLexPlus
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(3

Waa Lexo tii @931 nTUsunsumariilaildasrean
gmmmﬁmqmmﬁtﬂummlmﬁuﬁmuimwm
Togawz adilsionu szauanugndsslunmsaadd
frefinasiuaganudsingdiunimmans
mwlnsduday WaEAIINIAIUAITIEIDAIUY DY
fadradsdwiiiundn uanainil madad 2 sau
Iﬂﬂsammné’ﬂﬁmuuanﬁ'qﬂ wazsaud 2
ﬁwﬁm‘szaumﬁ'ﬂﬁmuuguﬁqﬂ Toamiicaldazda
Wudfiiianumaneiu reliaansatinsium
adnriluadadnsildannaiu il diasannddwsily
e lunadauiidivszanagasuinamn g
sansabhanueniudmlaaiiienuvanauandieiu
Tananeen

4 [ s

4.2 MSNHUIABIANTDLENNIDUNFNN A AN HEN

< o a v Y o v ¥ Ty [
Wuads1590 mﬂamamnﬂmumﬂummuanm

Tusrer (Ancient Font) AlEANWAIFwivan a9
wannnanh lWdulasimusissavasdnesineiias Lo
wa ganwud snansethluldulasmusissnuaednes
sysudeulasnes dWasmndusnuslunaiaulng
dusaulFaatuiindnedudstusnysinetas
Toslusnfludasusudsulassaugiuiayauay
Mmanluasesrnriuaadala wazmsayusissnues
dnwuslneiaslagldsulasmaundudumuiise
wuh HrelidunsumsiadanddniimldiZnnnh
nsid3Issaaieifoeaguanysinaiasain
tonaseuatulasnss 39nsinaein1sU32550

anwslnadasdudnesngdagtusnlddunamily
9
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snsavhamUsssaldciy

4.3 UszanSawzasmsuasmusissnuaeanysing
vamdusrunwmlnsduiaudiaaias tiam
nua e lus e LLﬂiwazﬁuagﬁ’uwuwmwaq
adadniiludd adelsd wesnndmusissaii
Fodauniniiga 2 suduusn (Judsisseind
AnNFNTUET UMM Ingdudsu wuu 1:1 was
M:1 (Ge88r 61.53, WAL 3989 36.10) L?Junejuﬁwﬁ
THiNeaaaadnilunmsidmarulaleglidasardem
viunilaglagsaumndrerman Usznauduludm
enTusadauiniimslFdudud fuaausaun
G wihunaedednsiasimdwriiiies 4,645 M
wilszAnsmwANNgNEad (Accuracy) filddansag
Tuszauthunanemauned (Geeaz 71.02)

4.4 druanuRowmazesndadwiiiiiogiesas 28.98
WU a'ausl‘vmjLﬁmﬁuﬁuﬁwﬂ%ﬁwﬂizmw 1:M uaz
M:N 13U (Hanugndasdesaz 0) lagdwunany

VYo

Aawaraladu 2 Usziam laud (1) “fmlaigan” &4
Wanmsilufidusissaiulundadn wia “flu
fMusssandmauinnnni 1 é” vliazasd
sulaile waz (2) enufianmauwuy “wlasdiia” A
WanumUsissalszan 1:M ndmeruluassdnd
e ALhen mmmﬁmmne‘hmmﬁimimm
a%'wmé’qﬁ'wﬁﬁﬁwﬁ'wvﬂaimauaquﬁﬁﬁwﬁﬁtﬂulﬂlﬁ
wanae anudewaralssianulasdinazyinle
ﬁm'mﬁmmwmﬂh\iaamﬂé'aqﬁuﬁm%uwﬁagiiauﬁw
fanan W “uy” (MUFI9I0) mniidsumelng
audaulunsedwiiiiies 1 @ Ae “ny” iaula
Munssaludmsufazlamanntudmin “uy” lu
nnuselen lusasitluunsuiunasdasiidraudy
“ni” (wan ngn) Lild “ny” Judu Wil nsae
ANNEANIANTUAINEN gadayadmTuasNaag

[ o v =

AnNAzaadUIN NN LLaSﬂ’SE]‘Uﬂ'QNﬁ'l E)l’n!ﬂ']‘lz}'llﬂil

v v
P ]

dudauindululdnmuerasdmiuiissaudazd
4.5 ANUULANHNYNFTIUTDYIAGIA NN WA UIAY

g 14 =

paesmdnimwdaulusiady 9 WawSsudisunu

S v

Nuideiadreadeiy 2 a9 ldud nswarun
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2010) 19 2 wawnynsuduwanynsudmsuldula
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uUNAALa

madnmiiiigalszadiiaiinnsianuiveueaienndduddatiiosuuuduuuaalnlsy (Autosomal Short Tandem
Repeat; Autosomal STR) $143u 15 ehuwntls uazdnmanwarilulnd vaslsnnsdisunlulssmalnedlifanuduiugiume
Maidaananue 150 Matn Mnliudoyadidue nasvignimdngunan lasdmnmemnuiuesdonnmduddaiiasuuudy
vuaalalawy ﬁgnmmaau ﬁ?ﬂ‘lgﬂﬂi’ﬁ] AmpFISTR Identifiler plus PCR Amplification Kit (Thermo Fisher Scientific, USA) oz
Investigator IDplex GO (Qiagen, DEU) éaluUsunsy STR-Genotype uaz TUsunsa STRAF wamsanmwuimadiuniaduly
auangarasasa- Iniilisn entiudiumiia D2S1338 war VWA imanudussuaadaiiianeildagluzae 0.0033 4 0.5333
ananlslalngdogludig 0.6267 9 0.8600 A1 Probability of Identity B¢lu%19 0.0304 fi9 0.2081 WAz @1 Probability of
paternity exclusion 8814729 0.3753 fi1 0.7494 dathaenudvasusaiauazdnwardlulnivassznnsdiown luuszmndlne
Wisudisuiuuszmnsileuniiawenihanlulszmadu Ussnnsauidmidamenensm Wemdnawndeu Wamnfsduawsm
wazianfiaidy e Fst waenm PCAWUHudasszennafimausnnguuandifu nmsanmndsnanwuhiiinulsznns

aaa

Pwnzay wazfienuvanvaeiisanasamahlulfdlumsndedunuiidinenmaniladaly

Mdan: Ysennadfiswinludsemdlng srauihuvuauunaslnlon anuduswwasda ddwugmans

ABSTRACT

The aim of the present study is to investigate the allele frequencies of 15 using Autosomal Short Tandem Repeat (Autosomal
STR) loci were established from 150 unrelated Myanmar Population in Thailand from the Central police forensic science database.
Allele frequencies were calculated from Autosomal STR markers which verified by AmpFISTR Identifier plus PCR Amplification Kit
(Thermo Fisher Scientific, USA) and Investigator IDplex GO kit (Qiagen, DEU). The results shown the allele frequencies were
calculated under Hardy-Weinberg equilibrium except D2S1338 and vWA. It is found the allele frequencies range from 0.0033 to
0.5333, heterozygosity ranged from 0.6267 to 0.8600, probability of identity from 0.0304 to 0.2081, and probability of paternity
exclusion from 0.3753 to 0.7494. The allele frequency and Genotype appearance of Myanmar populations in Thailand was compared
with other countries including Myanmar population in China, African American, Caucasian, Hispanic and Asian by Fst and PCA
analysis. The results demonstrated that there was the difference each population. This study is a powerful tool to be used as a reference

in genetic forensic science.
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1. unin
MahuneauRugiaInemaaslulssina
Tng l@Tmsasradduaseuidaedaiiisauuudu
uuaalnlay ( Autosomal Short Tandem Repeat,
Autosomal STR) 224YAAauAzInWeENLTiAmTaai
adaane 9 Mmusznd wazldiusiusumus
fLduta (DNA profile) lilussuugiudayadidute
inszangagamumizenudn 9 2eeszndlng
mﬂgmiimalamm?ﬁamaaﬁaﬁﬁuwmﬂéwﬁtﬂu
ﬁﬁﬁuﬁqmamfasiw Scientific Working Group on DNA
Analysis Methods (SWGDAM) lafimualii msssy
NISAIAUYTBININIINGLAULD WIBNI1958Y
AnuduugmMaeieandnly sreudruuuduuy
palnlzaumIsaLAaIinsIANLRaINeadd liae
( random match probability %3 8 likelihood ratio)
Fadrualaamsldanuiuoiuasda (SWGDAM,
2017) ANuAvEIUBadat LA NLandeTuluud
azUsznns TesRmsAnmwuihenuivaueadayas
Usznnsmmawidmdamauewsiu @amaneiaibeu
BamameusEm uaziamdaide Tanuuaneg
fu (Hill et al., 2013) UWAZAINNAYDILDATAYD
Uszmnsdymnddenudilianuuanaenulundas
WUl (Shotivaranon et al., 2009 Silva et al., 2012;
Xiang et al., 2016) @1 t@nalslalndd (Hobs) @
probability of identity (PI) probability of paternity
exclusion (PPE) Uazmsnadauangauaeas o - nidsn
(HWE) Wuaiteaasanusanuaeaealszanng
Toee Hobs wag PPE fifsnn waaslitiiuindsenns
ﬁy’uﬁmmwmnwmﬂgq wAA PI HA13N azuana i
Wiulsemnsiuiianuwainwaisd nsnaaau
duqaweea1sa- Udsn (HWE) uaaslviiudy
enudrasdlulndasi wazuanslidiuneumiiudl
w@walslenauaaaamnnninlalilunauesda (Butlr, 2015)
MsANEANNAYDILEaTauDY 609 2BIUsETINTIE B
fanawiinlulssinaiy vasdunisdigus
wuvuduuuasTnlzy $119U 19 dumis (Chen et al.,
2017) WUI1A) Power of discrimination (PD) a‘;:l:
Tu%19 0.9807 94 0.7801 @1 PPE ia1u1nn
0.00000 WAENAHIUNUIEIUNITNATDUTNA DYDY
#§560-11d5n  0.05/10 = 0.0026)
Faludagtiulsenalnaliiissudifugudoys
MWsINFEwerelszmnsIna ity wndeins
Wugiudayadenanlulszansdu 4 Litaaiy

Uszmnsudieuan an dnyen wisdsauny (udu X
dayammilfudayaildinannmaiandoianlu
Uszinalne Tasnsiandonanludssmadulales
wiGgmmnwulwaﬁagjwawmﬁwﬁﬂu&uﬁa
manandaannnUszmnsiiisuaniiihinveaiien
wisawawiiraw aruludszinadalundaz i
Usensilisusnangwinsnisuiuannlagadnnms
awgwinUszinaaieISgnnguniayeslszying
Fananiiunuiiudunnd Tagludl 2557 fwou
HaWeW 1,031,643 AU U 2558 HUIU 1,427,224
AU U 2559 U1 1,597,878 AU wazll 2560
TN 2,062,277 au i Aadudasas 69
yasussnuihanlulszmdlng %ﬁtﬂuﬁwuauﬁaww
dhisanaiigeiige etl3suiisudungy Ussnns
aw‘awmnﬁ'umm wara (Hartkins, 2019) waaal
Wudsenudrdalumsdanzdmanuivaeada
tialFaedslunuiifineenans
Tudszmalngldimsienzianuivasusadaly
nanUszensenn q lulnediegansiaas 9 wdu
meNdanudreeadarasit U Giaatiio
wuvduuueaTnlansiuiu 15 drunie lasiu
aatUszanslng Suu 210 au lealdgansia
AmpFLSTR Identifiler PCR Amplification kit (Thermo
Fisher Scientific, USA) (Rerkamnuaychoke et al,
2006) MINANENANNAYDILDFEBUBITITUTEE
datiiosuvuduuuaalalay 12U 15 Gruns
Tutszannslng Tagiiudagaaaslsznnslnade
aELNs DUIY 31 AU uazlsernsTuENNe U
47 au laeld9g0n5939 AmpFLSTR Identifiler PCR
Amplification kit (Thermo Fisher Scientific, USA)
(Chantakot et al., 2017) w‘%amﬁmswzﬁmmﬁwm
waadarasd duideeaaiinsuuuduuuasinlsy
1y 21 dunis ludsznnslneg lagiudiage
Uszmnslnefivsnamadaniansuaumaldsuim
249 AU 1aeld50n533 GlobalFiler PCR Amplification Kit
(Thermo Fisher Scientific, USA) (Boonderm et al., 201 7)
Wudu
Nnmsanmedusliivimsiensiand
2peupadaluudazidamainnuiniiuageiadna
Usznalnadeliinsiimsdnmniayadianuiues
waadavasUstannsiiausnludszimalneannay
THadTaaseillgmsanmeanuisesusadauay

' a

MIIATLHAFDANATI AU ENA DL UUTUUY
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palnlay IuIu 15 dunis vesdszmnsilisuanly
Uszindlng Tagyhmsiivdayamusiadiduieves
S1eUBILUUTUS o UNS ST W.d. 2557 B9
W.¢. 2562 NNFIUTaNAALIUD NasigITnangIU
NBN 1L 150 AU LiaIeTITHANNAYILDATS
warmManaee 9 Usenauale @ Hobs, @ Pi @ PPE
wazn1snasauautiy HWE lagiidiuniei
SN 15 duvi 6aii D8S1179 D21S11
D7S820 CSF1POD3S1358 THO1 D13S317
D16S539 D2S1338 D19S433 vWA TPOX D18S51
D5S818 was FGA wiialiaansausulidumaneds
dusulFlumsimnamadsninadalausugiau
wardasevanwazdlulnduasussannsiiiounly
Ussnalng (e lFusslomipudoyatiduaisznns
Wewindigatestuadaranlumeiifinaans
aall

2. 35MIneaad
2.1 MSNUTIVTINTINANIWTINGL WD
msfnmilfuiayanwnndiduesasdrdud
wuuduuunalnlen $7u2u 15 Grunis
nnlsemnsdymadisuniendelulsemalne
$1uu 150 au Agniudinlilugiudeyadiduie
nasiganangIunaN laagidesazniudayaiives
MWSINFLEULD TP wazine iy wazazau
Foyandennidniunsifeaiaiu Tasawsiu
Asuennusnnsdisumnludsanalnens 150 Ay
Wy gnnadaulagnguauaiaiinguasdidue
naIgalnangIUNaN drinnuRgainangIumIA
woztiuiinlflughudayanars Wumwsudiduiedl
mi)%ﬁ’)ﬂij(ﬂ 15’1 gdn L%Qgﬂ AmpFISTR Identifiler plus
PCR Amplification Kit (Thermo Fisher Scientific,
USA) tae the Investigator IDplex GO kit (Qiagen,
DEU) Aféumnisnsiadail D8S1179, D21S11,
D75820, CSF1PO, D3S1358, THO1, D13S317,
D16S539,D2S1338,D19S433, vWA, TPOX,
D18S51, D5S818 Wwaz FGA (QIAGEN, 2012) lag
mM3fnE AT iiuNITIINM SR TANAZEE5INMS
JgluauaINAmznIINAITAIEEIINNITIETUAY
NWIINBIFEEITNAITAS d121InaIAId10s
(COA No. 122/2563)

2.2 n153;mww"ﬂ”aymmwﬁmmﬂ'mﬁﬁ

ANNEYPILEATS Hobs, PI, Uaz PPE 31a51z#an
Mwswddueesdsemnsilisuinludsanalne
150 AY MelUsunsu STR_Genotype LU UMHMWTING
wueMnamaesnIeNilegamilrealusunsuain
http://www.cstl.nist.gov/biotech/strbase/software.htm
(Hilletal., 2013) WUasNIINATIUADITNGD
#8156 - 1211050 (HWE) uazn15nadau principal
components analysis (PCA) #8/lUsunsa STRAF %amamn
fnaldsinma http://cmpg.unibe.ch/shiny /STRAF/
(Gouy et al., 2017)
2.3 gasnrsannamannlszans

2.3.1 Observed Heterozygosity (Hobs)

AvanaNNraINuaIBEILaadalumumad
dula lee@) Hbs Jann vanganunenuvanag
ysuaadaficunisiiaulaiigs uasiTomadiaswud
Tulnidwmiiausulastaudalungulszansiiaula

1iag (Butler, 2017) Hgasmunavaalyil

HuuenudIlulniuuulalulona

Hnudszmnnsnauls

2.3.2 Probability of Identity (Pi)

aranuiululdiyans 2 auasiilulndd
(launy ”luehu,m,iqﬁaula‘[maﬁuﬁﬁy (Butler,
2017) fgasennudadaluil

k4 aff ) J aff L 2
p = Z anuiululauadlulniudazdlulnd
' Tudhunisnaula

2.3.3 Probability of paternity exclusion (PPE)
aanudululdiazfagmeaiaraazifuiionlas
UNLdeyaan (Butler, 2017) ﬁgmﬁmamﬁq@ialﬂﬁiﬂﬂ
p Ad ANNAYBILDARD, i D upadanauls , nda
Snnudssmnsfisula

n n 2 n
PPEzl—Z pZ-Z(Z p?) +2Z p-
i=1 i=1 i=1
n n n n
D ma) ey Y
i=1 i=1 i=1 i=1
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3. mauaﬁm‘siﬁmanﬁnmam
3.1 Andyavuaasavaslssainsiidously
Uszmalnadinau 150 Ay

Nnmsmmamanuieadannlssnnsdumnd
WeuNIFIUIN 31UIU 150 A aralusunsy
STR_Genotype WU ﬁ)qdwmwﬁuaaﬁaﬁwuag
Tu%14 0.0033 89 0.5333 (mswﬁ 1) %qﬁa
MSANE DI UIUVBIAIBENMNTING LB ULBYDY
YAAD 2839 Butler Hu wudh maduadeud
upadafivanzay sansedensinalaideioasd
$1UUMILGA 100-150 G208 (Butler, 2017) @41y
msnasauihdulumunuisedanailiaunse
USul#ifuaaneds dwsuldlumsanamadan
Wenaalguaiugle
3.2 araddilaannieneilsznsiiousnly
Uszmalnedau 150 Ay

AadfAae 9 (Hobs, PI, uas PPE) Mlascwae
Tusunsa STR_Genotype sanuaaslumsei 2 wuh
@1 Hobs WuTaglude 0.6267 (fumia TPOX) fi
0.8600 (GNUYUI D8S1179 LAz @KUY D2S1338)
A1 PLwudaglugig 0.0304 (§1unle FGA) G
0.2081 ((unU3 TPOX) wasA PPE wudagluzig
0.7494 (fu¥Us FGA) 84 0.3753 (6unis TPOX)
snaradaduansliifiuil drunis TPOX 1Ty
GhLmﬁqﬁﬁmwuwmnwmﬂﬁfaﬂﬁqmiumjuﬂizmni
Weusnlulszmdlne Fasaandasiulsznnsloun
angwnanlulsznaduiduvi TPOX Wudumia
ﬁﬁmmwmﬂwmﬂﬁaﬂﬁ'qﬂ (Chen et al.,2017)

msnadavangazesasa- hiidsndelusunsy
STRAF gaiuaaslumsed 1 wui NNEIUNUIHIY
nsnadaudNgazaealsn- 1dtdsn (HWE)
(P-value> 0.05) #nNLIUGILAUY D2S1338 WL
dumie VWA Faugaslimdiuinlulsemnsiivhanly
Tunrsdnwiaseiifilalulefauaadaninni
tginalslendusass ¥ lmIINNaINaI8YB
Uszannshisnnwafiazimszienyduesusaiale
atheAsutY BrilmsiiaSinaanniuazdanarinly
fUre D2S1338 Waz MUK vWA ez lniany
NAINVAIENINWALALHIUNITNATDUTNG YD
§56- Lhidsnle

NISNAFDU principal components analysis (PCA)
¢1aTUsunsy STRAF (HWE) tiiatU3auiiiausu

Uszmnsuiisusnilanawdninlulszmady (gﬂﬁ 1)
WU MANNUONANTENINYUsEEINIEae (Fst) 2849
seWiama 2 Useanns e 0.0008 uaaslifiudaany
uan@WugnIsuiiaNnuuandiulussaulasann
(Wright, 1978; Hartl and Clark, 1997) waztiianan
ANy PCA udaaliiuingadudnarsuainsu
PCA zassdasssinnsiuagaaLieiu udnwuhun
yozassznnadisuinludsanalng nszaauanasn
nnUszmnsiiiousnianawdnanlulszmedu usng
Tifui Medasdssnnafianuuandiefiuag o
naasunmnnneNLANaasN LS NS
Tunquidandifierfuiinziianuiuosuaaio
UWAN®INNYU (Shotivaranon et al., 2009; Silva et al.,
2012; Xiang et al., 2016)

diat3sulisudulszmnsiBandals 9 90n
MsAnEIANNEaILeadarnlsErInsaINEuEe
e 9 (Hill et al., 2013) (gﬂﬁ 2) WU @ Fst
yp9seninUsensiieuanludseinalnenu
Uszannsimawidmidamauensiu @eamaneiaibeu
domaaauawsn fe 0.0139, 0.0106, 0.0087
audIey Feudasliiiudianuuandaiugnssw
5EWINNGNUTEBING 2 NGN WANWUANENAUTEAY
una (Wright, 1978; Hartl and Clark, 1997) uag
idiahanieneids PCA waasliiiuhyagudnms
299289057 PCA 2091591059815 M BN
waliu Wombinaiadiou wamamauaiadm 130
Audna1ansIW PCA wanaanniuadNdaauan
nauUssgnsifisuanludszinalneg drulungu
Uszansiilsusewawisranludssimaiy uay
Usznnsiamaiade sidsuiisusulsemng
dieuanTutssinalng wuhiien Fst o8 0.008 way
0.0039 MNEIGU Fuaaeliifiudennuuandis
wugnssudianuuandiulussauiiaaann (Wright,
1978; Hartl and Clark, 1997) uaziigadudnais
{HenNu

PAKININAFBUI NG ULFA LA LU Usens
mawsmMiBamouensiy Wemanawadeu e
NS uazidamdieidy Hanuuandraduly
yaid Uszmnsiiausnludszmalng Uszennsuiiou
wansnninludu wazlsznnsidandadelu
awsm denudunuslndgeny Juhliyadudnas
2099 3 Uszmnsaglugatdennu adielsininge

ﬂS’]‘V\"U'Nf\!G]"lI NN 3 Usennsiinszanauanaanan nan
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A9ed 1 anudvasueadadsznnsdisuanlulsanalnesivnu 150 au

Allele D8S1179 D21S11 D7S820 CSF1PO D3S1358 THO1 D13S317 D16S539 D2S1338 D19S433 vWA TPOX D18S51 D5S818 FGA

6.0 0.1133

7.0 0.0033 0.2267 0.0100 0.0267

8.0 0.0033 0.1633 0.0067 0.0700 0.3300 0.0267 0.5333

9.0 0.0800 0.0567 0.4633 0.1133 0.2267 0.1300 0.0933

9.3 0.1033

10.0 0.1533 0.1933 0.1867 0.0233 0.1333 0.1200 0.0400 0.0033 0.2100

11.0 0.0533 0.2833 0.2800 0.1700 0.2533 0.0033 0.2667 0.0067 0.3500

12.0 0.1200 0.2400 0.3567 0.1500 0.2233 0.0467 0.0300 0.0767 0.1767

12.2 0.0167

13.0 0.1733 0.0300 0.1067 0.0767 0.1367 0.2467 0.0033 0.1167 0.1267

13.2 0.0633

14.0 0.2167 0.0067 0.0067 0.0367 0.0167 0.0133 0.2733 0.1733 0.2167 0.0167

14.2 0.1100

15.0 0.1833 0.3000 0.0033 0.0700 0.0433 0.1900

15.2 0.1167

16.0 0.0767 0.3333 0.0033 0.0133 0.1867 0.1433

16.2 0.0267

17.0 0.0200 0.2433 0.0767 0.2600 0.0867

17.2 0.0133

18.0 0.0767 0.1167 0.1800 0.0367 0.0167

19.0 0.0100 0.1767 0.1167 0.0267 0.0633

20.0 0.1400 0.0367 0.0367 0.0667

20.2 0.0033

21.0 0.0433 0.0267 0.1500

21.2 0.0033

22.0 0.0600 0.0167 0.1633

22.2 0.0067

23.0 0.1700 0.0067 0.2000

23.2 0.0167

24.0 0.1433 0.0033 0.0933

24.2 0.0267

25.0 0.0600 0.0033 0.1167

25.2 0.0033

26.0 0.0033 0.0033 0.0600

27.0 0.0033 0.0100

28.0 0.0600

28.2 0.0067

29.0 0.2500

30.0 0.2267

30.2 0.0667

31.0 0.0467

31.2 0.0900

32.0 0.0133

32.2 0.1900

33.2 0.0467

34.2 0.0033

M3ed 2 eaddang 9 saeUsznnsieumnlulsemalnainny 150 au

Population statistic D8S1179 D21S11 D7S820 CSF1PO D3S1358 THO1 D13S317 D16S539 D2S51338 D19S433 vWA TPOX D18S51 D5S818
H,., 0.8600 0.8267 0.8267 0.8000 0.7733 0.6933 0.8133 0.8333 0.8600 0.7933 0.8000 0.6267 0.8400 0.8267
HWE 0.9250 0.2670 0.5060 0.7170 0.9650 0.5550 0.2440 0.3680 0.0010 0.7070 0.0100 0.3780 0.1250 0.7990
PI 0.0481 0.0528 0.0817 0.1127 0.1252 0.1231 0.0719 0.0782 0.0389 0.0525 0.0658 0.2081 0.0379 0.0880
PPE 0.6827 0.6645 0.5879 0.5165 0.4896 0.4829 0.6199 0.6038 0.7393 0.6635 0.6379 0.3753 0.7313 0.5729

[

Audnany uaaalvitiudl n3 3 Ussnnsildafinnu

LANAINNY

4. dyduansnaaag
IINNITNISANYIANNDYDILDATIUAZAIFDD
Uszrnsveslsemnsiiousnludseinalneg an
Usznnsileusnludsemalnasniy 150 au Mada
Usemnnsuaalseannsii uanslidiundumis TPOX
Wudundsiiianuvainvarstesiigalungu
Uszmnsilisusnludsenalnauazwuindrunis
D2S1338 WAy funie vWA ldshumsnadau HWE
199910 FumiedInaiianurainnasues
waadalias (Homozygous allele) Fedemarinlelairu

Asnageu HWE dalunuiseasedald wnufu
é')aeiwifagamwsauﬁtﬁuLawméﬁﬁwgmuug'uuuaa
Tnlsnanndy anvazdawaliidiumion 2 aoe anu
WAV NTULAE AN UM SNAEDY HWE
16 uaadralsfmuarnnuivasiaadaninaand
Funsaldlumsanedelumsieszimemuanaly
Auuiidinnmansld uaziinihenudvasuoadaud
avUszmnsandSeuisuaiaa Fst uaznsiw PCA
MmlddiunUsemasilsuainludsenalng Ysznns
douminewswiin luludsznadv wazdszeins
domdiade nszaneaglunguideanu Faluwann
Nndamanlnadeety udlusadoniy wuiluud
azdsznnslaNUUANANNUSEWINUSENNSIHEUIN
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PCA projection
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PC1 (1.43%)

Uil 1 wamswSsuifisudenan PCA asdsznnsdieuainludszmalng
(MMTH: ) uwazdsznnsilisuanianewitnanlulseinaiu (MMCN:

), PC @ Principal component

PCA projection

PC2 (1.14%)

PC1 (1.68%)
U 2 memsSsutiisudonsvl Pca aaszmnsifisuanlulszmalng
omTH: ) Usznasiowsniianewisnanlulssmadu (MMCN: )
) Famaeaiadoy (Cauc: )

), PC @8

Usensaiusmizadanansn (AA:

Wadamamauawwim (Hisp: ) uaziamn@daide (Asia:

Principal component
TutsznalnefulszannssnsiEndaansuansiu
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ABSTRACT

Coffee is a popular drink in many countries. Other than plastic waste problem, the life cycle of coffee drinks also brings
about greenhouse gas (GHG) emissions that contribute to global warming. To provide the recommendations on the reduction of GHG
emissions of coffee drinks, this study aimed at assessing and comparing the carbon footprint of coffee drinks, including iced mocha,
iced cappuccino, iced latte, and hot espresso. Life cycle of the coffee drinks, covering raw material production, packaging, coffee
making, product use, and the disposal of beverage container were considered in this study. The results showed that the carbon footprint
of a glass of iced mocha, iced cappuccino, iced latte, and hot espresso (in which 18 g ground coffee were equally used) were around
626, 507, 542 and 161 g CO, equivalent, respectively. Raw materials with the highest GHG emissions were cow’s milk and
chocolate. This leads to the largest carbon footprint of iced mocha in which both cow’s milk and chocolate were used as the ingredients.
According to this, the use of cow’s milk produced from the cow whose production of methane from the digestive system was reduced
and the efficient cow manure management can be considered for the reduction of carbon footprint of coffee drinks. Not only does the
results of this study have an implication on the reduction of GHG emissions from coffee drinks, but also the method presented in this

study can be a guideline for other beverages’ carbon footprint assessment.

KEYWORDS: Coffee drinks, greenhouse gases, carbon footprint
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Estimating the Number of COVID-19 Infected Cases in Bangkok
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ABSTRACT

Capture-recapture method is widely used in a variety of fields including epidemiology to estimate the size of difficult-to-
explore populations. Many people are asymptomatic after contracting COVID-19, resulting in a significant number of concealed
infections. This study applied capture-recapture method to estimate the total number of infected populations in Bangkok from November
2021 to January 2022 using Chao lower bound estimator and upper bound estimator under geometric distribution. When the lower
bound estimates were taken into account, it was discovered that there were 46,134, 35,427, and 58,083 cases in November,
December, and January, respectively, representing 2 times the number of infected reported by the Department of Disease Control.
According to the upper bound estimator, there were 99,258, 76,443, and 125,377 cases in November, December, and January,

respectively, representing 4.5 times the number of infections reported by the Department of Disease Control.
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ABSTRACT

In this paper, the Poisson-paralogistic distribution (PPD), a new distribution compounding the paralogistic and Poisson
distributions, is proposed. Properties of the new distribution, such as order statistics, quantile function, and value-at-risk (VaR), are
obtained. The maximum likelihood estimation (MLE) is then studied to obtain a parameter estimation. A simulation study shows that
the average of PPD estimated parameters approximates the real parameters, bias values, and root mean square error value decrease
when sample size increases. The proposed distribution is applied to three real datasets, potentially providing a better fit than other

related paralogistic, inverse paralogistic, and log-paralogistic distributions, with higher log-likelihood values.
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MIULANUNWINABIFAN (Paralogistic distribution:
pD) Wulsriuanuinaniuuuudeiilies gmiaus
ﬂ%ﬂLLiﬂI(ﬂﬂ McDonald (1984 ) %qﬁ'wmmmﬂmi
WANWUBS (Burr distribution) NI@IfWISIRL@asiie
gﬂ'ﬁlN (Shape parameter) ﬁ%amé’aﬁ@hwhﬁ'u (Kleiber
& Kotz, 2003) sim%’umsﬂs:qnvﬂ%msmmmq
winaedafniu mansehluszgndléfuduun
MELATEHAIEAS MSIEU wazneIumsUseAuiedn
@28 (Kleiber & Kotz, 2003; Klugman et al., 2019)
ﬁ&humﬁQ’%%’ﬁlﬁwmﬂmsmﬂLmquswaaﬁaaﬂ L
U829 Idemudia & Ekhosuehi (2019) laaue
MSUANUINITIaDFANIWNNT 3 Wiiiaed Tae
M T easuedumi (Location parameter)
Faiinanudangulumslszendldduyadayasia
TasmsU3suifisuiumsuanuasiilndidos laun ms
ULANUNWIFINDITAN NMITUANUINITIDDIFANNANY
MSHANUINADNADIFHN NITUINUILANI WUTIANN
MInadauNMsazUaMsuanuasINaadadnlua 3
WHeasianNmIn NN iaui U
metmgu U89IUIYVDN Bhati et al. (2019) la
PIUNITUANUAINITIADIFANNZDIT NITUANUAN
W151003aAn-1auNwWaad (Paralogistic-MPLG
distribution) 9tTunsuanuaeiidl 4 Wi Rwes an
msihlszgndldnuiayaadulssuiisuiumsuan
waeBY W msuanuathiya-tduiiuaad n1suan
uaNABNUBINA-BNALDAT Msuanuashiya-witsle
MSHANUINBBNUDSNA-LBNNLDAT WUIMSNAFDU
MizagUdnisuanuaswnaadain-tdniiuaad i
anunzandudeui 2 easuiumsuanuas

& < Y a _a o
U L“Viul(ﬂ'.]']ﬂ'ﬁ‘lliﬂilﬂ']'iLLﬁ]ﬂLLf\Naaf\]ﬂ(ﬂﬂi‘ﬁ msnuﬂ,ﬂ

ﬂs:qnmﬂ%’ﬁuﬂ'agalﬁ&ﬁlmﬁﬂuﬁ'umsmnumﬁu
aenelshanude LM sWanrIamsuene2eINUan
L9BRRERNTINITIIINNN

dmSumsanenil Q’%%’ﬂlé’ﬁwmmmmﬂLLmﬁLﬂu
ATHENTENINNITUANUAITIZINUNITUAN LAY
wnasdsanuazihisuaflumsuanuaslva wiaun
wgalgauanidideanuiazdureinisuanuas
gananImugnumsiassaialisunsuaaniiines
gnwismsuszanamwsniimesaigItnigiag
WugegauazUsziiiudsz@ndaiwzaanisuszanm
MmmNTieaszasmsuanuatlnimamshassiaya
meldamumdens 9 uennnil fimsdssandmsuan
waelnifugedayaadie uazlaufisulszdndnw
yasmsuanualnifumsuanuasty 9 Miedes

2. 3515
2.1 35289NITUINUNIUFN
(Method of mixture distribution)
Feillddszgndl#Emansunmusduuy
MI500ZWIzazeN? (Unification of long-term survival
models) ﬁLﬁuE}Iﬂﬂ Rodrigues et al. (2009) %ufﬂu
MINFNHEUNUTEV TN TFNIIUIUYDIT AN S
Wamamsaiilinnuafudulsdunaseimsiia
wamanl Gail
W N dudusduiilinnudunuiiunuaivg
apsmaiiamgmsaiiauladsmsuanuasananiag
Wu p,=P(N=n) Tag# n=0,1,2,3... wazlw
Z,i=12, ., n Judulsguunuiaizainisiio
amsaiIna @MUl i war Z, (Wudasziu N
@ILVUNITIDATWIz 82812 (Long-term survival
function) 2896 IUUsdy X dauunualgy S, (x)
vualag

S,7(x)
=P(N=0©)+P(Z,>x,Z,>x,..., Z, >x, N21)

=P(N=0)+Y P(N=n)P(Z,>x, Z, > X, ..., Zy, > X)

n=1

= o+ S D[S

WA

n=0
= A[S(x)] ey
lag 4[] Ao Wengunamilinzesdiou p, was S(x)

A Weridumssadnin 0<s(x)<1 Ml tia9n
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lim S, , (x) = p, Tu Rodrigues et al. (2009) lauans

S, (x) Tugduas

Sir (x) = py +(1=py)S,, (%) (2)
Taa# s,(x) Ao Waddunissaadwi
an [S(x)]n — Do
S :n:l
M( ) 1-p,

ndunITN (1) uae (2) Wasinrat & Choopradit
(2023) lougaslidiun

_A[S(x)]-py

1-p,

wae limsS, (x)=0

S, (x) (3)

Toglunuisailaznandaaumsi (3) Tuguei
Wuwanzumssandwuan (Mixed survival function)
UATMEANNFNNUSTRINATUNMSTB TN WA T
msuanuas azh lugmsasaduleddumsuanuas
anutaz ke Fdanndaitunudtores
Wasinrat & Choopradit (2023) fl@utauanisuan
uasthzanLs lannry
2.2 AISHANUNIWITIADITAN

T X Wudulsduilimsuanuasmnaaiadn
TosfineAgumsuanuasdedy (Cumulative
distribution function: cdf) WaABUANNNILUUANIN
13zl (Probability density function: pdf) Wag

[

WerBuN3590TW (Survival function) MUTIHUAT

a

_1_ 1 .

Fop(x) =1 (x/—e)a 1 5

a*(x/0)" ;
x[(x/ﬁ)a +1]0[+

a

x>0,0>0,a>0

x>0,0>0,a>0

fPD (x)=

1
SP[)(x) Sl >

(/6)“ x>0,0>0,a>0 (4)
X +1

‘[(ﬂﬂ‘ﬁ 0>0 AM5NLeBSUIUIA (Scale parameter)
waz >0 ABWINALNBIUIFUIIN (Shape parameter)
MIUANUNNINBDIFANMNINMSUANUANUBS (Burr
distribution) nsdifimmiiteasiegUieraaasdaiien
Wy TurhueedenAumMsUanuaInaadd NN HY
(Inverse paralogistic distribution: IPD) §1370N15LLAN
WAILUBSHN AU (Inverse Burr distribution) 03 6
wisfimaisguiasaasdaiionhduduiy was

MIANUANLUBINIAINMN AT IIgUNR AL 1

aztdunisuanuasdenandadn (Log-logistic
distribution: LLD) (Kleiber & Kotz, 2003) 1o & &
Warduaaumnuiuenuhazfiudil

MIUANUNWITDDIFANHAHY

1 X ludusguiiiinsuanuasw sasiadn
unnulaedinsrtuaNnumnuiuaNihaziy fe

v: (x/,u)vz
x[1+(x/u)v]v+] ,

a

m‘stmmmﬁaﬂaa?}amn

Jiep (X) = x>0,u>0,v>0 (5)

v

W X Wududsgunifinsuanuasdanasiafn
Togfiwadzuanumnuiuanuhaziy fs

y(x/x)

x[l-i—(x//()y}

fLLD(x): x>0,x>0,7>0 (6)

3. HaNITINY
3.1 msuanuthwiwisaaiaan
(Poisson-paralogistic distribution: PPD)
Tusuiliauanisuanussuanlusizesnisuan
192 29UAENISHANWAIINSIaIaRN LaeldWendu
m‘ssaﬂ%wwaumnaum‘sﬁ (3)
uniienn 1.1 4 (s) unuiledgunamiiiaanu
IREPARIEY, (Probability generating function: pgf) 2 84

mswanuasThmsiiivnniiwes 1 Taad
A, (s) = exp[-A(1—5)] )

Toefi 4>0 uas |s|<1

unfignu 2. 19 x (Jududsguuaenisuan
wasthsmnaedafnnamimes 4, 0 uay
Wauunuaas X ~ PPD(A,0,a) Taa#hi A>0,
0>0 waz a>0
nguiun 1. Wendunssaadwaaanisuanuastlz

WIaDAFHN Ad

ex{z[l{(x/el),, “THCXPM) (8)

, x>0,4>0,0>0,>0
I—exp(-1)

Seep (x) =

figad I A[S] 0w pef weemsuanuaatizeaa

aumsh (7) WeardumMssantwuandeulanail

_ exp[—ﬂ(l —S(x))] - Do

Sy (%) -
o

_exp[-AF(x)]-exp(-4)
- 1—exp(—4)
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Tosil F(x)=1-S(x) waz p, = P(N =0) =exp(-1)
Gy unu F(x) & F, (x) lédeddumssantn

289N 5LANLANTITINITI8dANAD

S,y () = exp[ Fopp (x)] exp(—1)
1—exp(—A)
1 a
Al —— - -1
P oy | || oY
1—exp(—4)

sU 1 ugaeledfunissandwaeenisuan
wastganisasdafndmivueaImsnies
2,0,a TagastiunWefgunIs5a0 Wy a9nIs0an
w29 WI1003d0nH3USI198089 (Decreasing
shape) Tunsdiit 4 fandinzu suiresslardiums
seatwazanauidu Wammaiwasau 9 el

WaAdunIswanuwadadsdy (The cumulative

distribution function) Zeulaaail

M) ©®)

FI’I’I)(X)ZI_ , x>0,A>0,0>0,>0

gﬂﬁ 2 ULFAIWIATUNISUANUANTLFNYBINITUAN
19NN BBAFA NEMS UL NAIINNNNBS 4, 0,
Tuns@iit A4 faiisduierdumsuanuasasasasiony
FHumpsnsmifiiady Wamwniweday 1 e

nguiun 2. Wedduanumnuiuanuihazdly s

*Hﬁ}
e oy Aa® (x/é’)a

(1 —e%)x[(x/Q)a 4—1]Hl ,

(10)

x>0,4>0,0>0,a>0

Seep (%)=

- 4 ds,p, (x X

Wiga 1ile f,,PD(x):—%Utﬂumma%aumﬁ
X

WgUngugumn

U7l 3 waasiaiFuanumnuiuaNuhazdy
2aun1suanuwastiganisiaald@ndrivsuuis
MINA5 A, 0,0 duldsuaaalidiuinnisuan
U TZNWI5I8838ANRNITUANUINTY WaLEIWY
dnmswanuatizamnasiaantdunsuanuas
gwuﬁamﬁlm (Unimodal distribution) %qﬁuagﬁudwwaq
winfiwesiiguinde a sdnlsiam namsis
MWTRGDS A ENNZENIMSUANUNNITINBAFH LA

o | — PPD(8,2,2)
o --- PPD(6,2,2)
I S PPD(2,2,2)
2 === PPD(0.8,2,2)
0 < |
o
D. . :::-'.‘:'-':::-.- T
o T J I I I
0 2 4 ® °
X
. — PPD(5,2,5)
@ --- PPD(5,0.9,5)
LR L PPD(6,6,2)
< ---- PPD(6,6,0.9)
0 < |
o
o | e
o T I ‘ I I
0 2 4 © °
X

7Uf 1 Weddunssaadnaesmsuanuasthseminaedadndmiuung

Mnniiaas

0 o
D' -
= --- PPD(622)
E U PPD(Z 2 2)
o == PPD(0.8,2,2)
Q
o | I I
4 6 :
X
3 H_._-;'..' ..........
S PR
= --- PPD(5,0.9,5)
g < | {5 T PPD(S,S,Q)
o e PPD(616,09)
S
o | | I I
0 2 : : :
X

sUii 2 Weddumsuanuasazanzasnsuanuathaamnasiadndniy

vRMWINaS
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azfiulainiie 4 AA1anas M5nszatevaImsuan
URNUITIWTIRFANALINNYY BIaWITHWBIDY ) AN

nqwff]un 3. WeAZUNU® (The hazard function) @8

[
1

e ! Ao +) Laz (x/H)a

Y
el |
- —e

(1)

, x>0,A>0,0>0,>0

hl’l’l’) x)=

x[(x/&)a + 1](“' e

Srep (X)
Sppp (X)
dun1sh (10) waz S, (x) luannisi (8) 3ela

WPAIU LND fyp(X) =

WNU foo,(x) 370

wodng Wumsiasaaumsigamguiun
U7 4 waaeladFuiitizosmsuanuastag
NIS18IFRNHINSUVINAIIWITHNES 4, 0,a lag
vdulasuanaliiunweandunudreanisuan
wasdEanIsIaedddnarunsadselonarnvais
gﬂéwéﬁaumsﬁ (11)
3.2 @mﬂa«ﬂ'ﬁzﬁamwﬂwsﬁlu
Tuduilldthiausueandddssdusasmsuan
watIgewIsIaadadn tu WeAzue I NrUILLY

aa o

anuthazdurasdadasusui k, Warduaaulng

suayadudseseinlulifumalssenddums
Usznune

3.2.1 MEDAIUAY (Order statistics)

% x,X,,
wanuasthrmaadadniiimnnimes 1, 0 uaz
a, X ~PPD(A,0,a), lag@l A>0, >0 uas

o s Y 1 v S
a>0 nAWeAFuaNNnuILduaNaztduusy

X, Wudednguzne n 1nms

WIS UAISUINUAELEN LEAIGITNMST (10) uaz
(9) anudeu v X, <X,, <...<X,, duiadd
DUV UaINIATUANNBUILUUANNUIz T uBY
X, @8 f,,(x),k=1,2,.,nmldnn

(12)

S (%)= @[FE)] [-F]

(k- 1) n—k)!
vilaunulenduanuvuiwduanasiduuas
WIAZUNTUANUANTLTN A9FNNISN (10) wag (9)
MNAeU adluaumsi (12) azlen

o |
— PPD(8,2,2)
. --- PPD(6,2,2)
= I 2 PPD(2,2,2)
2 ---= PPD(0.8,2,2)
[9]
g
o | S .
o T T I I I
0 2 4 ® °
X
317
|
| — PPD(5,2,5)
o --- PPD(5,0.9,5)
IS T PPD(6,6,2)
= | ---- PPD(6,6,0.9)
Y 1 1
=14
Ol | — = i i .
o T T I I I
0 2 4 ® °
X

sUil 3 Werduanaumuiwdueniazduzaenisuanuasdazs
MNeaIFANFHBTULNMMNTeDS

< -
— PPD(8,2,2)
- --- PPD(6,2,2)
------ PPD(2,2,2)
2 o PPD(0.8,2,2)
~
o |
T T T ' ‘ I ‘
o 1 2 3 4 5 6
X
<t i )
1
— PPD(5,2,5)
. --- PPD(5,0.9,5)
------ PPD(6,6,2)
2 o == PPD(6,6,0.9)
-
I

‘Sﬂ“/l 4 WenFuRvfzaanisuanuasthgawisiaasdadndiniuuie

Mnniiaas
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. 1[;]
[ (x/H)a +1

n! e

20 (x/0)"

Jin (%) =

@io k = 1 Weiruemaanuivemanimedles X, laun

n—1

—A 2

e
(x/0)" +1

-4

—A

)+
nl e —e

fo ()= . li[ﬁT] Laz (X/H): e
; (n=1)t (lfe”")x[(x/e)"ﬂ]a l-e

(39 k = n WanduanuvuniuaNiazstduueg
X, loun

] AT
ETE (e peor ]|

3.2.2 Wanzumaulng (Quantile function: QF)

% X ~ PPD(1,0,c) Taa#i 1>0, 050 uaz
>0 AHNIAFUNMTUANUIFTN LEAIRIFNNITN
(9) Wergumaulng (QF; Gilchrist, 2000) @auunu
e O(p) udz Q(p)=F '(p) Tosdi pe(0,1)
guium 4.0 X ~ PPD(1,60,a) ua?) QF1ae X A

Toaawnzaded dsagiuues X ~ PPD(A,0,a) @o

In[(1-0.5)(1-¢7)+¢™ ]

-1

0(0.5)=0||1- -1

s & o

wgai e o(p)=F '(p) Toadi pe(0,1) tiuda
F(0(p))=p Wle X ~ PPD(2,0,a) Tagi 1>0,
0>0 uar a>0 NHNAFFUMILANUATEZEN LTAIRT
aums (9) 15léh
l[lﬂ

(o(p)/o) +1 2

e —e

-

(k=1)(n—k)! (e ) (o) 1]

aauu Waudaumsm O(p) axlan

ln[(l—p)(l—e’l)+e”l] “

-1

0(p)=6||1- -1

M5197 1 uaeedialaulndassnisuanuasiiegs
M5IDIFANFNSULNMWINNGBS 4, 0,

3.2.3 &daﬁi’ltﬁ'ﬂﬂﬁﬂ (Value-at-Risk: VaR)

T X unusemnudemeviaguydedunadwsi
ldNaUseaed ga@inﬁmﬁ'a (VaR; Klugman et al.,
2019) 299 X fAn mwadiiulngd 100p 2aemsuan
w9z X dWauunudsdaydnual VaR  (X) wie
7, NAsUINISUANUTIFIWISIAa N h
WMRGBS A1>0, >0 waz a>0 loawarzuany
nuwduauazduugnns ngujun 2 azlan

[

VaR dvsumsuanuaaigansasiaandaulangil

a

1—{1+;1n[(1_p)(1_eﬁ)+eq}i
e |

VaRp(X):ﬂp:H

Wga e X ~PPD(A,0,a) lagit 1>0, 6>0
war >0 NWeAuaNNmnuiueNNndy waes
@aduNISN (10) wdIAIVB Z, WINIAN

P(X>z,)= T Fon (X)x = 1= p Beazldh

Zp

. { [(ﬂn/e)a+1}:| )

=1-
- P

A NNE9TINYRFNNITOI N VUL L E

o 1-e
ADMSNNFITNHANIFDII N azld

a

1
a
(ﬂp/@) +1
MUY LHBLNFNMTIN 7, azlon

1 ={1+%1“[(1‘P)(1—e*)wi]}l

(z,/0)" +1

—Al1-

:1n[(l—p)(l—e"1)+e_q
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517 1 mmsulnduasmsuanuasthaswnnaadafndviurnmmnniwes

i=1

a=6 a=12 =08
A0 0, 0, 0, 0, 0, 0 0, 0, 0,
6 6 2.6943 3.1412 3.5715 0.9448 1.5066 2.2407 0.1899 0.6318 1.8254
2 0.8981 1.0471 1.1905 0.3149 0.5022 0.7469 0.0633 0.2106 0.6085
0.8 0.3592 0.4188 0.4762 0.1260 0.2009 0.2988 0.0253 0.0842 0.2434
2 6 3.1731 3.7226 4.2771 1.5540 2.5531 4.0140 0.6851 2.6237 10.1356
2 1.0677 1.2409 1.4257 0.5180 0.8510 1.3380 0.2284 0.8746 3.3785
0.8 0.4231 0.4963 0.5703 0.2072 0.3404 0.5352 0.0914 0.3498 1.3514
0.8 6 3.4269 4.0139 4.5902 1.9699 3.2520 5.1268 1.2860 5.2877 23.0711
2 1.1423 1.3380 1.5301 0.6566 1.0840 1.7089 0.4287 1.7626 7.6903
0.8 0.4569 0.5352 0.6120 0.2627 0.4336 0.6836 0.1715 0.7050 3.0761
e A{—(X‘/G) l“gx'/g)“—m[(x,/e)”+1}}
1—{1+lln[(l—p)(l—e‘}“)+e‘q}a gl=ﬁ+ ” (x/6) +1 . +3In(x,/0)
A @ a T [(x/0)" +1] =
7Z.P = H 1
+Z":{(x )( n(x/ )E_a_l)—ln[(x,/é’)"ﬁ-l}}—

{1+/liln[(l—p)(l—e'l)+e'q}a

3.3 MIUssnIuAIMNIIITaT
Tumsdszanamnsniwaslasisnnziiaziy

gege mvuald X,X,,.... X, Wdudediguzine

n

n NNNNMSHANLANTITINITABIFAN WaRFUN L
haziluyediadnguaine n fs

n

_ (ae?) (/o)
(=) (s sy 1]

Wardudenmmsiaatuwmee £(4,0,a) deuldail

) 12{ [( Joy H

+a§ln(X,/9)—’Z;:1n(x )—(a+1)§1n[(x,/9 +1}

Tagnamuszanamsimes 4,0 wag o 3509

6(1,9,01):nln(l)+2nln(a)—nln(1—

lennuaawszasanmsaywusaaui 1 aaalenizu
dananziazsfuifisuiunisdmaiudazad

NS IFUR

%_ﬁ_ne’l_" 1 a_o

oA A l-e* 5 (x,/0)"

o ﬂ[(x,/é’)nJrlei . (x,/0)" (o) +z(a +a) x,/0)" o
0 = 0 T o[(x/0) +1]

x/&) +

TunsalnuadwsyasmUseinumsimes 1,0 was
ac ] I~ ] u v
a TagdSamnihaslugegaliamnsodagduuule
SMIN5aMAUsenunNTwes 1.0 uaz a e
1513513902182 d1vSunIsAn¥IATIUN
ﬂ'ﬂwwswﬁma{i’@hﬂ%“ﬁ'm)xﬂwuﬂugqum
= I'd v asd a L L4
NI5INL0BS 1.0 war a 9283513907ay laaly
WaA%U mledist 209 fitdistrplus packgage Tuldsunsu
R (Delignette-Muller & Dutang, 2015)
3.4 A1sTI9aN
TudrudaziauananIsAN¥INISINAILIND
Usziindsednsamnraimsussinam i asons
aa ] I a I
501219z lugednreanNiees 4, 6 uaz «
ToaldWan gy mledist 204 fitdistrplus packgage Tu
TuUsunsy R
nsadeandsgununainnisuanuwastigs
NI519DAFAN LFIDWIATUMITUINUINKAKY GIid
FX)=U=X=F"'(U) 7&1 U fadudsguiil
matmmmmngﬂmmgm win U ~U(0,1) aauds
g8 X ~ PPD(4,0,a) aansaaialaann

ln[(l—U)(l—e’l)+e’q

-1

X=0||1- -1

msfnmnil shmshassdulsduiiinannms
wanuwIUIzanIsIe8Iadn ArEnITAINUA
c"hwwswﬁmaﬁﬂué’qﬁ PPD (6, 6, 6) PPD (2, 0.8, 4)
wag PPD (4, 6, 2) v“i‘zlumé‘f'mzm 25 50 100 200
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M990 2 MUszanamnNivesiads dudsnuunesgI MANNEUBEN LeLTINYBIMAMALAAIUMFITIREY

MmusznamNinasiady SD Bias

PUAGIBEN mieas RMSE
PPD (6, 6, 6) 25 A 15.8553 11.6821 9.8553 15.2795
2] 6.8587 1.5541 0.8587 1.8149

a 6.1672 1.1090 0.1672 1.1210

50 A 16.6049 15.7403 10.6049 18.9762
2] 6.7976 1.6162 0.7976 1.8020

a 6.0573 0.8005 0.0573 0.8024

100 A 13.4196 14.3581 7.4196 16.1587
2] 6.5749 1.4173 0.5749 1.5292

a 5.9920 0.5904 -0.0080 0.5903

200 A 9.6531 10.2358 3.6531 10.8658
2] 6.2901 1.1121 0.2901 1.1491

a 6.0021 0.4547 0.0021 0.4546

500 A 6.8125 4.5480 0.8125 4.6189
2] 6.0503 0.7462 0.0503 0.6793

a 6.0179 0.3098 0.0179 0.3102

PPD (2, 0.8, 4) 25 A 1.3572 2.0293 -0.6428 2.1281
2] 0.7516 0.1334 -0.0484 0.1419

a 4.0677 0.6511 0.0677 0.6544

50 A 1.5844 1.8517 -0.4156 1.8973
2] 0.7717 0.1283 -0.0283 0.1314

a 3.9674 0.4602 -0.0326 0.4613

100 A 1.8120 1.8258 -0.1880 1.8350
2] 0.7888 0.1250 -0.0112 0.1256
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on3ndl 3 adfdanssandmSudasyaged 1

Y Aadn saegu drnndisauusnnsgiv AN anulea

50 2.95 2.94 0.64 0.41 1.02

mMIN 4 adsznamnniwesuazinamimsieuifisumsuanuasadayeyail 1

MIUANUAY muszanamniitnas LL AIC BIC KS M AD
PPD > -46.9383 99.8766 105.6127 0.0790 0.0406 0.3153
A =3.9945
0 -5.1148
O =6.3217
PD & -5.6043 -48.0954 100.1909 104.0150 0.0978 0.0727 0.5193
O -1.2226
IPD V —48719 -53.3155 110.6311 114.4551 0.1328 0.2125 1.4695
A
M =1.9499
A -
LLD 7 -8.4432 47.0421 98.0843 101.9084 0.0770 0.0369 0.3180
K =2.9121
N 5 addwssandmiudeyaai 2
N Aady soagu UUBIUUINAIFIN ANNL anulag
101 1.03 0.8 1.12 3.05 14.51

= ' a 3 3 =t P v 4‘
MI1INN 6 mﬂsxmmwnﬂumasua:mnmmitﬂsaumaumsmmm’uawauua'zgw 2

MUANU Muszanamniitnas LL AIC BIC KS M AD
PPD 5 -103.0045 212.0089 219.8543 0.0913 0.2032 1.1648
A =82.3361
O -98.4441
X =0.9420
PD Q& -1.2808 -110.4026 224.8051 230.0353 0.1047 0.3497 2.6336
6 -0.8290
IPD V -1.1307 -114.2977 232.5954 237.8256 0.1206 0.4431 2.9309
~
M =0.5230
o) -
LLD 7 12704 112.6862 229.3724 234.6026 0.1113 0.3915 2.7831
K =0.6238
en3nfl 7 adfdanssandmSudeyaged 3
N i sagu dundlsauusnasgu AN anulea
63 2.09 2.06 1.25 0.43 2.73

= ' a 3 3 =t P v 4‘
13NN 8 mﬂi:mmvnimmasua:mnmm3|,1Jsemmemmsmmm’uaqwauua'zgﬂw 3

NISUANUAY muszanuwnimas LL AIC BIC KS CM AD

PPD A -100.4288 206.8577 213.2871 0.1091 0.0942 0.6561
A =100.4739
0 -54.3890
O =1.6402

PD & -2.0019 -104.5693 213.1386 217.4249 0.1141 0.1190 1.14079
0 -2.8434

IPD V -1.5592 -113.7165 231.4331 235.7194 0.1424 0.3517 2.5551
N
M =1.2005

LLD 7 -2.1352 -108.7423 221.4846 225.7709 0.1198 0.1817 1.6807
K =1.8016
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(Gigapascal: GPa) (Aldahlan et al., 2020)
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Exponentiated power generalized Weibull power series
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e Svhedutilag (Nasir et al., 2019)

il 5 s adfiFanssandmiudayayai
2 Waza TR 6 uFAmUszInaWNReasuazIne
mst3suLiisu LL AIC BIC KS CM uaz AD §1%5U
MUANUNTITNNTIDBATAN MIUANUNNITIDDAFGN
AISUANUAIWITIDDITANNANY LBSTNITUANUIN
Sanaadafn vaviayagad 2 Fawuiinisuan
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wndiga lunn 9 tnains3suiisy wasiile
W3 uLfiausuna w129 Nasir et al. (2019) 7
ﬂszqnmﬂ%’%’m&aqﬂﬁ 2 NUNISUANUAN exponentiated
Burr XII (EBXII) power series Tagfimsuanuasame
Tawn Msuanwas EBXII geometric (EBXII-G), N5
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129 EBXII Poisson (EBXII-P) %qﬂsznauﬁm 4
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3.5.3 dayayei 3
szaznamslinuasnszanwineaesdy dmhedu
1,000 %¥ (Nasir et al., 2019)
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°lumu35’ﬂﬁﬁaqmsm%ﬂulu‘[ﬂmﬂﬂgawmwa?au,aﬂ&ﬂ uwada (Polylactic acid, PLA) ﬁﬁaﬁuumwausxmﬂmﬂw

ﬂ?gulWﬂVlEJ 5 %@ ﬁﬁqw‘ﬁumﬂéqe Toun aclad (Cymbopogon winterianus), Nen3a (Citrus hystrix), wﬁuﬁ'u (Curcuma Ionga),
" (Alipinia galangal L.) uae TUUNaN (Ocimum americanum) Lﬁaﬁﬂﬂﬂs:qnm"“lﬁtﬂumsmﬁauﬁm%'uéwa TumsieSes PLA
Tulasuadgaiiieduihiunenssmeasldinadia emulsification-solvent evaporation uaz1% wad(laiiauaanasad-la-liiiaash
Wa) (P(VA-co-VAc) Lﬂuﬁﬁa%mﬂLaa%smﬁy'uﬂumsﬁmiums%meswiwﬂu‘[ﬂmﬂﬂgawm PLA fUSa wdaniteey
vnaeymazes PLA lulasuatgaiiveduihiunenssvanuhwadweslulasuaugaiiadnhduvonssvens 5 sfiafiodoy
T@fidnuaznauuaziimnasymaiaauilndidseiu Tasiinnaaglugn 5.7011.73 9 6.58%2.27 lulasiuns dunalue)
nh pLA TuTasuatgadlildvieuihiunanssmednias taildundu 5.0241.25 Tulaswes nmamuasidudmaaiu
ihiuvenszmeia 5 wiiads PLA Tulasuatge wuhegluza 30-40% Tas PLA Tulasuatgaanansaviespnisiuvenssveiio
uzngaldaige sesannie arled viiu luunsdn i muddu wezdiathlunasoulssansmwlumslagmetiu (Aedes
aegypti) loglHganaday Excito-Repellency LﬁEJ'Uﬁ"UNamﬁm‘méﬂqﬂﬁﬁmﬂiuL%Wﬁﬁﬁﬁ N,N-diethyl-m-toluamide (DEET) Wuin
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ABSTRACT

In this research, biodegradable poly(lactic acid) (PLA) was used to encapsulate 5 traditional Thai herb essential oils
including lemon grass (Cymbopogon winterianus), bergamot (Citrus hystrix ), turmeric (Curcuma longa), galangal (Alipinia galangal L.) and
basil (Ocimum americanum) to be used as a coating for textiles. Essential oils encapsulated PLA microcapsules was prepared via the
emulsification-solvent evaporation method using Poly(vinyl alcohol-co-vinyl acetate) (P(VA-co-VAc) as an emulsifier and also a
binding agent between the PLA microcapsules and textiles. The particle size analysis of the essential oils encapsulated PLA
microcapsules showed that the obtained microcapsules were round with the same particle sizes for all 5 essential oils around 5.79+1.73
to 6.58+2.27 um slightly larger than the size of the empty PLA microcapsules without essential oils, 5.02+1.25 um. Determination
of the percentages of encapsulation of all 5 essential oils within PLA microcapsules to be in of 30-40%, where PLA microcapsule
can encapsulate bergamot essential oil the best, followed by lemon grass, turmeric, basil and galangal, respectively. When testing the
mosquito (Aedes aegypti) repellent efficacy using an Excito-Repellency test kit versus commercial repellent, N, N-diethyl-m-
toluamide (DEET), it was found that in the first 20 min the efficacy of PLA microcapsules encapsulating essential oils were lower
than DEET and all essential oils. However, the mosquito repellent efficiency of PLA microcapsules tended to increase gradually until

it was close to or higher than DEET and all essential oils after 60 minutes. In contrast, all 5 species of essential oils showed similar
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repellent efficiency to DEET in the early stages but tended to decrease sharply after 20 min. While the DEET’s mosquito repellent

efficiency was slightly reduced. It can be concluded that PLA microcapsule can regulate the release of all 5 essential oils, thus

prolonging the efficiency of repelling mosquitoes of all essential oils for longer.

KEYWORDS: mosquito repellant, essential oils, polylactic acid, microcapsule, encapsulation
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unAnga

idomndesiunanwaasldunammmalugaamnssundahmannslulsznalng Fausnnnazsgnnaunuldud
fuduiaqaduussidanndmduwmaindimw wu weduandnuede ielimdaiuusnduiwanamemadimwlddmiuld
awnsandae atslsimumsnaulasassdaanudautuhdadligamgivazussiumuigunniomnenuuandsssialy
aedUsznaunIdes mu"‘r{‘fﬂﬁwumwLﬂulﬂlé"umﬂﬁﬁ‘%mmmanLﬂﬁ'ﬂumama%‘szw’jwwaﬁl,tanﬁnl,ta%mLLaxwaataﬁﬁulnaﬂaaiu
sTUUWDAaAB NI ST UUIMIMAaNEadIBANNauTigumgl 180 °C funa 10 Wil Wudsndusuumvesndaues
Homndaswenamiliunszuiumsiadsuundiudewsdieiaulnansauasnaduaninueda uananifamumsaiuusida
mﬁmsw'inmagiaaﬂlut?]amné’awlanwnu,a:waaLmnﬁnuﬁ)%m‘lu’i'aql,%qﬂs:nauﬁm’%ﬂuléf dlafiv3inm PEG Tugas 10-20%

Togshwiindeununaduaninuade wazlSunaudianndaewanzni 5-10% Llagihwiin

Do

@A Msuanwadsweanes, vssadasiuandaaneiinwld, Jagdlssnauiinmw, msdaudslasiaing

ABSTRACT

Sugar cane bagasse pulp is one of the most abundant natural cellulose fiber available as by-product from sugar industries of
Thailand. The bagasse fiber, not only renewable but also biodegradable, provides a huge potential in reinforcement of bioplastic such
as poly(lactic acid) (PLA) to be used for biodegradable food packaging. However, direct biocomposite fabrication using melt mixing
process requires high blending temperature and massive amount of torque due to difference in polarity of the two components. In this
study, trans-esterification between PLA and poly(ethylene glycol) (PEG) has been proved possible in both melt-mixing and
compression moulding processes at 180 °C for 10 minutes as well as in the compression moulding of bleached bagasse pulp (BBP)
partially pre-coated with PEG and PLA. In addition, the obtained copolymer PLA-b-PEG showed high improved of reinforcement in
the BBP/PLA/PEG composite when PEG content is 10-20% by weight and BBP content not more than 5-10% were used.

KEYWORDS: transesterification, biodegradable packaging, biocomposite, structural modification
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1. UNIN (580737 “WadLNASULANEAIaNINEIN WG

Lﬁaamﬂmw'}éq LLJ@%@NQWﬂ‘ZIEI%U‘SiQﬁm‘VT (blodegradable polymer)” (Kaplan, 1 998; Vroman et.al,

waainduenzinntlasefiinaradniildaumly
(U Wedlwswau (poly propylene, PP) azwadtafhau
(polyethylene, PE) #al#1aa1u1ulunisdasaars
udnauliinmsfaduisgnaunuiifiguai@lndids
fuudarunsodasgarsdilasissssnelansad

2009) lasiawizagedanguwadioamasiiy
waman%mwwﬁwquﬁﬂu (renewable bioplastics)
Fawdonninghunnmanuas wu weduandnuada
(poly(lactic acid), PLA) lasuanaiizsludanndnd
aEiNmﬂiuﬂa@ﬁmﬁaqmnﬁqmauﬁ'ﬁmamm%au



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 248844

TadtAgenunaradn PP waz PE 810 v lvilsides
USuidsunszuumstugundosusianniin Sanadl
enuTussla nudathuaslusuldd (Garlotta, 2001,
Jem et.al, 2020) waziinnulaaasadrnsulsilu
ussyAaaNdanIms lanisiusaniu GRAS
(Generally Recognized As Safe)lagd11in41u81%15
wazauay aw%’g aLusn1 (US FDA) (Conn et.al.,
1995) Lwitf'lmmn PLA Lﬂuwaamaiﬁ!qwﬁﬂ (semi-
crystalline) ﬁqquﬁﬂaau (melting temperature, T, )
agflug 170-180 °C wariigmgiitldsuamuui
(glass transition temperature, T,) ﬁgﬁaﬁ 50-60 °C W
iliianuuiuding maanudangu dacei

]
a o

PRI LAZAIAAMNAIFNIWLNDTUUIINIZUNND

U
v

danalvizugiluwivniofanunlden (Lim etal.,
2008) Litatrzaniafamaniilaimsdnnsny
WNLAEITUNSHEN PLA AUSSLESNEMWHAFHN
(plasticizer) ¥a1NVAE LFU NGNBINTALBALINDS
(citrate ester) M TaLUMBHNDS (malonate easter) ﬂ&jll
naalsd (glyceride) uaznguwadiafidulnansa
(poly(ethylene glycol), PEG) tYu @ ( Sheth et.al.,
199 7; Martino et.al., 200 6; Nofar, et.al., 2019)
wui1 weadefiaulnameaa (poly(ethylene glycol),
PEG) fanulaateuwaslasuanuauladusdreann
Lf‘iaqmnmmmLﬁaﬂi%ﬁymﬂ'niuLaqawmnwam
Uasansuasiienuinnulannu PLA lalinmsueniu
2a9igMaiiusimzas PEG luiiu 209 fiuald
woAluaswan PLA/PEG fid) T, 90a9engadia 19 °C
Togdanedl T, agludn 150-160 °C ANdgaauaIds
(Young’s modulus, Y-mod) agiiuﬁaq 500-1600 MPa
warlANNEAgIFn o 39219 (elongation at break, E,)
wivdesas 528 ald PEG ihwiinTaana 600 g/mol
LANWDALNDTHANUT A NAINUADLTIFS (tensile
strength, TS) a@a3 (Piorkowska et. al., 2006; Shin,
et. al., 2022 Sirisinha, et.al., 2022) @9 ﬁ’ju N9
LEINUTIOIEITATIINGG (bioreinforcement) (I8
losssun dulewaglaanannuaraziingnihanly
waziinisdnwiegiaunsnans tielildiagd
Usznauves PLA fifeasdinisouandaralag
sssumdlauaziiguiamaBenamanzdniumssu
sUuussyfiusdmsua1ms (Huda et.al., 2008;
Suryanegara et.al., 2009 ; Graupner et.al., 2009,
Jonoobi et.al., 2010) ABiEuFUMsIFUle

mag‘[amm iwannaaawansi? (bleached bagasse

pulp, BBP) %aL“TJui’aqmﬁasl,%mﬂ‘[smmfwmaﬁﬁag
mniuﬂszmﬂlmmmmLﬁal,ﬂu*?ama%mmﬁm%'u
PLA/PEG titatiugudramsnasnsaifiuussqfud
SNSuIMg Lwif‘l’l‘éﬁﬂLﬁuiﬂLﬁﬁ@Iﬂﬁﬁﬁﬂﬂmﬂu%)
gethunuaniu PLA tuhldmnuasiinsBawmile
ailasnanulimanzansasamniiuazanvas
nemeninzesdulefignivsindududou
(Bras et.al., 2010; Bledzki et.al., 2009) ¥ l#iia
useonulunssvIumMsHey mmvl,sjl,ihﬁ'u”lul,ﬁai'aq
@edsznauiild msnszaadvendulod wazms
Lﬁﬂwmmmﬂmﬂimﬁai’aq Fadanalosasadaautia
L%Qﬂawaﬁam%qﬂs:nauﬁlﬁ (Nakagaito et.al.,
2009; Okubo et.al., 2009) LipRnsanlasiadnwes
PEG astituhiinylansanda (-OH) fumaanaldng
2 U ﬁqﬁLLmﬁmsﬁmﬁﬁ%mmmaﬂLﬂﬁlﬂmaama{
(trans-esterification) 5¢%34 PLA nU PEG lusewin
mstugudeanuiau tiieliAaluwedimasi
wWUUNgN PLA-b-PEG %ﬂﬁéauwaqmﬂ‘[ﬁﬁﬁghqwaq
PEG firelsifiussamiladuidulamagladluido
mndaswanaldasdunaziidiusasanaldiisinmem
289 PLA Tazaansodismsnsznediaiialuned
wasuanle (Xiao, et.al., 2010; Zang et.al., 2009)
lutisaduazdnmeanudululguaznariidadl#ln
Lﬁ@ﬂﬁﬁ%mmmaﬂLﬂﬁlﬂmaama{lum‘%mwamzuu
U@ (internal mixer) AAAIVUALIATNILHAHINNUTA I
weilalusaaufinedasuunudnslauuudannlnge
Tnd (Proton neuclear magnetic resonance Spectroscopy,
'HNMR) yEgsnnuanasudursseaUnlnsalnd
FTIR)
IATILRAINUANAINYBINAI9IY ( Differential

( Furier-transform infrared spectroscopy,
scanning calorimetry, DSC) wah lusulglussuu
ms%ugﬂéf’mLﬂ%aqwaauﬁﬂ?yjugﬂwamﬁn
(compression moulding) %ﬂﬁwau BBP figns1d2u
o 9 wazlilaray wavhmsienziauifinmaau
Sounarandiidena taSsudisulszansnmnly
msta’%mm%mﬁmszijmag‘[aamﬂ BBP oz
PLA Lﬁai%ﬂuﬁugmwmns:mumsﬁmmﬂums
w3sniiaagialsznaufuisaglosdu q Tusséu
20EMNIINMIHBAUITIN ILangarIBnEImnla
2. 35MInaaag

169 wazansial
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WHaninsasWanaid (Bleached bagasse pulp, BBP;
Pulp & Paper Co.Ltd. (EPPCO);
Thailand), Waduanfnuwada; (PLA 2002D; MW
101,000 g/mol, Natureworks LLC; USA) Waatafiau
lnamaa (PEG 4000D; MW 4,000 g/mol Union

Environment

Chemical 1986 Co.Ltd.; Thailand) tNMUBS LAADB
Tsfinmuuaziefiowadine (analytical grade, Sigma-
Aldrich Co.LLC; USA)
2.1 n7sﬁnmﬂﬁﬁ%mmsuamtlﬁ'ﬂmaamas"lu
SEUUNDAND AN
W BHaMNANNAIN MM TAMINZENLeTAN
Fululdzesfasenmsuaniaeuiednes ined
wa%wauﬁlé’mnmsmau PLA (32.0 g) NU PEG
(8.0 g) ﬁmm%amamzuuﬂﬂ (Brabender Internal
Mixer, Brabender PLASTI-CORDER internal mixer,
MELCHERS TECHEXPORT, Germany) $18A13t3)
58U 50 rpm ’ﬁ'qmwgﬁ 180 °C tJutian 2, 4, 8 uas
10 il denzimsulasuulasaniameanadau
wazdazinanfasinadmasnanilaaramaiia
e daluil

2.1.1 msiesizviorelisaaufinadasuun
winuslauuudanlnsaln
THAASeifidauazuaaztBaaUszanas 30 mg M7
araN80I8AILNDLSAAaalsNasN (deuterated
chloroform, CDCI3) US876@5 4 mL wauuhn
#LUnasy TH-NMR @181a309fintadasunniudn
tslauuudaiunInsfitaes (Neuclear magnetic
resonance spectrometer, Bruker Ascend 400MHz)
U 128 FuAU

2.1.2 N153tAsIEvaraWiTasnauanadu
dunsseadnlnsalnd
Thnaasaminlandauazualiaziden wddn KBr
aalduasnldazidealuansdiu 1:10 wasansa
Wuuiuug (dise) duiinaunasumsganduuaedy
Wisadaeiasdunsisasuninsiivnad (Fourier-
transform infrared spectrometer; Nicolet 6700) “7“33\1
L@uARY 400-4000 cm™’ F1WIU 16 FuAY

2.1.3 MIUANLHANNUANANYDINGINY
FaudaAaainlanin 5-10 mg 1ILAT1EHNT
wWaguwlasguianmeanadsudloiainadinnzy
AUUANAINYDIWAN9Y ( Differential scanning
calorimeter, DSC 2910; TA Instruments,Thailand)
Léuawnqquﬁ 30 °C pafiiluan 5wt udaia

uUVYAAIBBNT) 10 °C/UIH AUDI 200 °C ¥aIN
pavpiiasiilung 5 wilkazl¥iudaauds
wias Tanwufausoudl 2 Mngamnii 30 °C
00 °C ¢8dns1 10 °C/ufi laalvigungd

]
=
fa)))
<
B N )

amndl 30 waz 200 °C Wua 5 Wil nau
WALUAIMS IHANINSBUY FNNMTIANERRENNNTLIA
anudaulusaui 2
2.2 msAnwijasernisuaniidsuaainaslu
LUUNITHADNDA

2.2.1 wiadnwanudululdzasufiserns
wanuasuteamasluszuumsnasusa 1w PLA
fiunaziden (32.0 g) AU PEG (8.0 ¢) mmanleish
fudndnhludusuduwsiudseiomaansatugl
WaFAN (Compression moulding, LabTec Engineering
Company Lid., Thailand) Tagl#anaZauud i
2 fu figumgii 180 °C ANWTY 1500 psi (Huna
10 w1t nsuthwdaAaaiilaluiiasiznng
wWasuwlasganianmeanadaudioiainad sz
ANMUUANANYBINAINULBLIATIEALBNANBAIYBY
Haa AT ldnnUgasemsuanideuasnaiens
WAlA FTIR waz 'H NMR spectroscopy

2.2.2 lilaAn¥INaYasUSanal PEG daantiadng
°z|aqwaama%mauﬁtﬁﬂﬂﬁﬁ'%mmsuamﬂ?iﬂu
asmasluszuunasnsa Iagthug PLA iunazidan
WIHENNU PEG 10, 20, 43 Uag 50% Tagiwiin
iisufu PLA inlienudaudeinissvaandatugd
naradnelaaniizidernunuineduy warily
Juasrzdnmstlasundasantianieanudounas
naFaUENTHIBINaRIBLAIIIT A NNEIUMUADNS
TGN (Universal testing machine, Tensile H5K-T;
Calserve, Thailand) maiﬁama:'ﬂﬂaaummgm
ASTM D882 :1nagaathatias 5 funu iiune
7379 x 817 (13cm x 2cm) 15W59609 (load range)
500 N AN 2 mm/NT wazanNemAN® 90 mm
2.3 msdnwjasernisuanidsuaainasly
szuunInaaNsadianaiasasnnWany1
waliiinmsuaniuduladaninsssananiu
PLA 8% PEG IWANKIUNTLUIUNISLARBUGIE
Wadwasn 2 rianau Taadathanssiiumsinde
PpandNtiianndaswWanay BBP20% AU PEG 20%
(feufu PLA ¢ail 1 BBP utin 7.5 ¢ snduniuls
nsznedlutngy 250 mL §r8LASaINIUHENES
(overhead stirrer) tHut1a1 30 W19 wanihlduadas
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' v

mammﬂ%awaaﬁa (ball mill) Wuan 3 %"a‘[m
wialdidausnaaniduduladervuradusiy
@uz‘fﬂmqm?{ﬂﬂszmm 20 um WATAIINEIIDRY
WAL 112 pm (3LA5IEENa99aNT3AY Meiji
MT4300L, Japan Afdsueny 400 W) MUY
TugeEauEsaIIa 1 L WaznIuelIsinsnanIuaas
i lnNN5aUAaBAId) LaltinaIsazale PEG
win 7.5 ¢ Tutumniuea 250 mL ag19%1 9 7
aouniiviaslunm 30 Wi NnT@ENWMUaa 100
mL tRuanufouauiigamaiivszana 60 °C Fudu
§158:078 PLA %1in 30.0g lulamaalsiiiny
500 mL 8E14%7 ) AUNNA NIULAELHAIINSBY
Ao 9aUU3N AT BIHENINNINTINT TUNVDINEH
nanneaslumeszmasaued inaslineahiane
fundnilusuiigumaii 120 °C Wunm 2 Flua
wipaumiineed dewimdnwUiasenis
u,aﬂL1J§'£|umamaﬂuwmz%gﬂL?meiuﬁ'mm'%m
aandatuziwmann meldaamadenduiuied
Whnaasasinlaluimnzimsiulasundasantiame
anu3audiemaiia DSC uazulKANSaeifile wiin
3 g thluafauuusaiins (Sohxlet extraction) d2ele
aaalsimuduna 3 Hluuazszimadihazag
pannay 391 lUTtAsIzial8nadla FTIR was
'"H NMR spectroscopy LﬁuLﬁﬂ?ﬁUﬁﬂé’lﬂ%ﬁNﬁu

2.4 N1SANYINAYAIaNIIHIN PEG/PLA Aan1s
w@sNuTIEMHiEInY BBP
(03eNYaeNaENLEannsaeWana il BBP aefl 209
U PEG uaz PLA anadsnunauaiiiudradiel’
901 wEMNUA LN PEG 10, 20, 43 was 50% lag
vhwinifieuiu PLA (W3adalludnsdiu BBP:PEG
(AU 1:0.5, 1:1, 1:2.25 wae 1:2.5) ﬁwlﬂ%ugﬂ
Lﬂuum'umqm‘%mwaaué’m%ugﬂwmaamlﬁﬁmswzﬁ
mswasuulasandimeanudounasnagauause
Fenagiaeiasiaanudumudanmsiass meld
d0IENAFIUNINIFIU ASTM D882 LfuLdeInunu
1NAU

2.5 NIANWINaYaNaNTIdINYad BBP 6ani1susd
SounilgIny PLA-b-PEG
w3sNuINaNEamnaasWanz iU PEG waz PLA
madaminaus 13sneduiiusana BBP 5, 10, 15,
20, 25, 30 W8z 35% uamuualwil PEG Al 439
Tagiwinifisudu PLA (Fenrnnin BBP lunn
saan) udihlunesannuioudianioivaay

é’ﬂ%ugﬂwmaaﬂ Jiansimsiasundasantiame
ANNEU LAZNISNATUFNTHLEINaAIHLASEISA
anughumudemsiiedeneldanzidonfufing
Tighadu

3. Nal,l,aﬁmsafmam'mmam
3.1 mm1sﬁnms'mnzwaatlﬁﬁ?mnﬁuamﬂﬁ'ﬂu
amaslussuunwaanasnaaunal
wamsanwLaz@aauanuimuthljisenns
wanuFeuLeanasszwing PLA fiu PEG 20% lag
dhwifn Tuszuunadueinasunaidianiaendn
szuuile 'ﬁ'qmwgﬁ 180 °C filadn 2, 4, 8 Uar 10
Wi auddu gudy PLA uSqns wuhwadias
wanflasl T anasmunaiiiady audeam 1o
it liwukdnaaifiamas PLA #i T, = 154 °C aga
uwiunngudnziialunaianued T, = 149 °C wnu &
51U 1 uanmnilgumniimaiandnanzdud (cool
crystallization temperature, T,) ﬁl,ﬁ u%mﬁan RN
TU ana3u "H NMR zaanadimasuanild o o

v
P a

10 Wit ﬂwmsmﬂﬂﬁﬁ%mmmanLﬂﬁﬂuLaaLwaﬁf
Tdudndaaidu PEG-b-PLA Ysingi i
LANARINY 4.36 ppm waaedany -CH,-0- luwusy
anasiialval Ga3uil 2 daandpsfunenuide
Aeunthiilddanse’ PEG-b-PLA ¢hedsmsillans
waAlnaaley PEG (Xu,et. al., 2016) wWazn15hy
é’at%ﬂuﬂﬁﬁ%mmmamﬂﬁlamaama{lmﬂ%mwan
5zuuile (Sirisinha, et. al., 2022) (i3RI
(nAfiA FTIR spectroscopy WURANISHUYBIRUSE
a3 (C=0 stretching) Tudruzae PLA ﬁtam%‘u
1760 cm

L et NANISTUYRINUSELadLNDS

(C=0 stretching) ¥ 84 PEG-b-PLA 118208 U
1714 cm™ 693U 3

3.2 wan15ﬁnmﬂﬁﬁ§mn75uanul§"ﬂmamnas"°lu
ISUUNITHABNIA

3.2.1 wamsﬁnmﬂﬁﬁ‘%mmmanLﬂa'ﬂut,aama'é'
“luizuwaaué’ﬂﬁmm'%awaaué’m%ugﬂwmaan ii
gamail 180 °C Wuna 10 Wil wudenulussuy
wodlnasvaawNLtuad laald PEG 20%
(209%PEG/PLA) tiia3tas1:W@1amaila 'H NMR

a 14

spectroscopy Adnsodiuianieinadny 4.36 ppm

v
a

2991y -CH,-O- luWussiadinasniialuives
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PLA pure
T — _— ¥ 1 1
- & 1
— T, 15426 o 2 min
2
= T.98.81 °C
2 4 min
[}
=
T T, 111.36 °C
o .
£ 8 min
T, 120,02 °C 10 min
T, 149.49 °C
f
- ' T ! T J T v T ' T T T ' T ! T v T T
Exo up 60 80 100 120 140 160 180 q 220 240
U 1 uaasanuimwihesfismmsuanidsueameslussuuwaduesvasumad
B2
d e
! Co
0 |CH; o] L ¢
HOj)LO oV L~ _fo_~ f~_oH
CH, T 0 |CH,
f m \c n
n f d
| / /
y -
45 — 40/ b
L a /
L 3 - AJJL J\"J M_o
§ 2 g i &
E \5‘\ ’L\W g\@ |§ § i |gl i g| 1
s ' ' ' s ' ‘ . ‘ z ' tppm]

Uil 2 awnasu 'H NMR 2asudadasiasujisenmsuaniasueamaslussuunedimasvaaumad

PEG-b-PLA utdiennu aauaaaluileudisulugy
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(Maglio, et.al, 200 3; Shin, et. al., 202 2; Sirisinha,
et. al., 2022)
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ABSTRACT

This paper presents a study and development of high-altitude balloon platform for education, experiment and research in
science, technology and engineering where it is necessary to conduct the experiments in the atmosphere above stratosphere. Moreover,
the high distance can also be used to simulate near space conditions, used in experiments or measurements of various physical quantities
in high-level atmospheric physics including use in the measurement for meteorology. The platform consists of 2 major parts: 1)
Calculations involving balloon for mission planning such as ability to carry payloads for testing, lifting force, total time the balloon
can stay afloat for the mission, ascent rate, etc. It also includes designing a parachute for bringing all payloads back to Earth after
complete a mission. 2) Balloon coordinate tracking system and communication system which serves to transmit coordinates for tracking
and other necessary measurement data to the ground. This is to keep track of the balloon’s travel position during the mission, including
the vertical displacement and the horizontal displacement caused by wind current/direction, and also used to track the last stop for
recovery mission. The main contribution and relevant knowledge for the mission that use high-altitude balloon platform for testing will

be explained in this paper. Along with conducting some experiments on the use of a high-altitude balloon platform to test engineering
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prototype of the 1U CubeSat (KMITL-CubeSat), we can visualize its application to the KMITL-CubeSat and also apply to other tests

in the work and mission of science, technology and engineering in other areas further.
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aatauinalasnilusindesnluslanaainasgiu
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WaZANNUNIUUY 0.008 AlanFu/gnUNANLNGS gy
U398 (Larson et al., 2009) l@itduansaantuy
Waza319 high-altitude balloon #281A59n15%837
HARBOR ?i‘l%ﬂfm%'ﬂulﬂu@uﬁﬂmq Feazdl payload #
dealaun T,maa')”mqmwgﬁﬁqmﬂ’luua:mﬂuan
Tugaiaanuauussenia lugalasedaaaiin uas
Tugatannd@ines SINNTIMSEBNUUUSEUY APRS
%m::v‘imﬁw“?;dqGhLmﬁwawaagumuLﬂ%aﬂﬂﬂ‘?‘nq
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(Safonova et al., 2016) leihauanmslivaagu il
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(2.58r)in

0.5
075
.
1.5¢
n stands for the number of nerded parts
7 stands for the radis of the parachute.
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2910595939 aelunudee (Techavijit et al., 2016) 1
lashauanmseanuwuuwaznauluslanaanisas
FayazuMw d1aMINBYLEALUY GFSK Fanadau
A15¥199UA28 high-altitude balloon lAEHAI NS YD
msnadaulouansliiiuinluslnreaniana GESK
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Sansasansule
2.1 High-Altitude Balloon Platform
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waqngaﬂaﬂ{[ﬂﬂﬁﬁqaumsﬁ (1)

PVanT:(Bjkt (1)

m

P <) a Y ] < I3

Wa (WudSineszesuns wileugnunaniuns
(m3), Wuanueuvewuia wihaduihana (Pa),
I~ a £ [ [~ a I~
Wugungiiaavnain winalluealu (K), Uu
Pruruluazesudd, (Judrasdiuiagaund
(Useznnou 8.3145 3068 (Twa wau) (J/K), Ju
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(Cross et al., 2007)

Fb=V(py. =P8 (2)
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Was (m), P luanuduzesuia vihedulhe
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ganAd (Ussann 8.3145 3a6e (Iwa taiu) (J/K),
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Win V dadsunesvasuda (m), p,, @0
ANV UILUUYBILNE He HA1tVIA U 1.225
(kg/m’), p,. A8 A27uMUILUUYBIBINIA

(kg /m’) uaz g @o enwuisevasuselindielan
(m/s?)
Nngafiuasguuanaunszieieiutiuasezan
e lumsandassugin vennniuduihlilvan
IaSuanudsmeviosauilangiuauiazadauss
duaimalumsananuidinss Tasduydniudl

v v
U AN Vel

anuvinnvae ldanannung NildAnw laansu

U



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 244209

VHF Downlink

: GPS : Server

' module !

E E ﬂlnternet
| e I e @ @)

' PTT i ®)

i Audio Out, Tran?cFeiver H ((:é))) ((A)) ((E))

IGate
(Amateur radio stations)

APRS Space Segment

gﬂﬁ 4 MWINYBITEUU APRS (F8) UazNMINBYLAALUY AFSK (27)

39
3

u

=
N

5V 5V
1 A
5V
A u-blox NEO-7M
BA50BCO GPS module
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L Argent Data - -
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—— 186%0 PTT
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Y
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Walkie-

Audio In

Direwolf
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(modem
software)

APRSISCE/32
(IGate
software)

& R

E20BFQ-3
HS3JXU-9
HS2XQB-C
HS5CXL-9
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E21HSY-10
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E21EIC
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HS2X0B-3
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E25FDT-5
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HSOBBD
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i
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Attached ti

N CA\Users\Nut\Downloads\direwolf.

in\direwolf.exe

o0 KISS TCP client application 2 ...

Ready to accept KISS TCP client application ® on port 2@l ...
E25LEC-1 audio 1
[©.2] E25LEC-1>.
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1 - 1(8/)
IDE1-1,WIDE2-2:=
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#3wyila Semi-spherical F4iUszAnSAWlumsdy
USIIMALAH LLamlﬁﬁqgﬂﬁ 2 (te)
TuMBBNUUSNEWLUL semi-spherical WA Tiudas
dunamiafizasingiwilluanuduiussewing
ﬁymﬁ'nwaﬂwaﬂLLazmmL%’maqmnaumsﬁ 4)

1 8mg
2\ np, Cav’

(4)

Wa 7 e Fadvaasugdw (m), m Ao NIAYeN
Tanianae (kg)wazv fa anumrlumsanuassy
yBw (m/s)

‘iwg%WLL‘U‘U semi-spherical ﬁzutﬁﬂﬂﬂﬂﬂﬂiﬁﬂ
Fuduiindreadenumagusnurmesuiude
fufludnuazianayu 360 asen Nntwdudand
dulmszasingin losdamdnumaiivesiuy
Fwlaudniu azsnmnsoihinlFlumsinameany
s;musia::a'auwmLwim%uﬁlﬁmngﬂLLUU%vua'mwm‘iu
g%wé’qgﬂﬁ' 2 (#) TagdunounsINuKUMSsha
ﬂéaﬂuaagummsaa?ﬂlﬁé’qﬁwﬂugﬂﬁ 3
(Warayut et al., 2009)

2) SEUUAAMNFIUAUIANG

FTUURAMINLALIIBIURNNALAE DA LUNA KU
wiateldmeluumenuiildszuu APRS fideanansa
'chil”ammw%ai”laga‘[mmmsswﬁ%eﬁLmi,iqﬁﬁ'ﬂ Tag
Jamssudayalveglusluuulyslanea AX.25
dm5uuNaLnINgaNAILaY (amateur packet radio)
H952UU APRS sluﬁuwmmﬁﬂssnaulﬂé’mémﬁl;“m
Aalunuuaagu (space/air segment) fvhuthilaamu

NIDUNENUNNA L8R lUNR N UNIAE u,aza'm“?iag
vuAIARUAY (ground segment) N30 1Gate #Lilu
Masudyanauardiaalidaudasnieiuessuu
APRS LﬁE]ﬂWSL"ﬁWﬁQ‘ZI’E]Ha@iWLLWﬂﬂﬁfTﬂéWﬂ%UﬂW‘j
famuaalu TagnWsInvaI52UU APRS Uaaalans
gﬂ‘?; 4 ($e)

Tunradavasszuy APRS azldluitda TNC
(Terminal Node Controller) Tun1511 "cs; HUF I
dayadinaaliiludyauaurdan AFSK (Audio
Frequency Shift Keying) é’qgﬂﬁ 4 (1) Fudums
Nagtamm%mmﬁtﬁm 1200 Hz unudndays “1”
wazl#aud 2200 Hz unuiiadaya “0” aald

a3y Bell 202 Tagiinnaudilumsdems 1200
baud ¥#38 150 GIANYIADIUNN

wavanldduarmeurdon AFSK gaiilu
SN aLFeannua ﬁnnﬁy'u%gnéqaaﬂmmﬂé’mms
ua@tammummﬁ' (frequency modulation) lael4
AAUWRAANNE 144.39 MHz tieldmesudyan
floguuiudu Fefdasaniinmaiudusasining
aiasidumlan Mnsasudyanauasinnsineg
wanduanifludayadumisiide wieansdoyadu 1
dvtulududaswinasuasssuu APRS tialigldnu
sruuamsafeaninaveaguladald Tasns
aanquludmwaqmﬂéqLLamlﬁﬁqgﬂﬁ 5 (18)
(Pemmavit et al., 2020)

Auwanzeegdnw ladidanldluidn TNC qu
OpenTracker Fy@ansndamsiudayanluga GPS
wiaunsthandasulsianaa Ax.25 1ilae
aaluiie laeanainnuagLandyamuuy AFSK uan
?Ndwiaﬁ'nujtmmlﬂﬁ'ﬂugaﬁams FM 35U SA828 LD
nszedyaimuaall laaniseanuwuu PCB
(printed circuit board) mmanuamlﬁﬁqgﬂﬁ 5 (2)
Tudueeanasunia 1Gate Anwauzagdnwla
Uszgndldnuludgenduisuuaasuiimasdiy
YAAD wmﬂﬁu"‘mqﬁ'amﬁmmﬁ 144.39 MHz %aagj
Tughingadasiau sansoudaslaazunsulaas gu
i 6 Iﬂﬂﬁlﬁ'méaﬁwqLﬂuﬁﬁuﬁcyﬁywmuasﬁuaa@am
FM anvuazldduanandosnaniiudidedash
aaufmestialdluda TNC Mfuuuuzendnsd
Tuiiiaalusunsy direwolf ¥imsnandaana AFSK
Tinaaludaysiimadidasnsdoas niafde
ﬁWLLwﬁqﬁfTﬂwawaaQuﬁuLm mm%uﬁqziwiaﬂ'aga
Grundefinalddu 1Gae Tuiiidalusunsn
APRSSISCE/32 Faviniinfidedadayazuliuy
fugosninasuntssuy APRS Hazaansaithdung
msaldamuiifaruby aprs.fi loonsgaslusunsy

aNoudealaaegUi 7 (Pemmavit et al., 2020)
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“geq 18ueg T
$99n;

a AFSK1200 Decoder - - IEl
file Help
Input:Microphone (2- USB Audio Device | &+ [—]

00:01:37$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
11343.62N\10046. 56EL000/000/A=000094 07.1V 31C HDOP0O.9 SATS08
00:01:38$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
11343.62N\10046. 56EL000/000/A=000094 07. 1V 31C HDOP0O.9 SATS08
100:01:38$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=FO0
‘T#002,071,000,000,000,000,00000001
100:02:098 fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=FO0
>Balloon@Ground
100:02:108 fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=FO0
11343.61N\10046.56EL000/000/A=000101 07.1V 31C HDOP00.9 SATSO08
100:02:11$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=FO
11343.61N\10046.56EL000/000/A=000101 07.1V 31C HDOP00.9 SATS08
100:02:428 fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 U PID=FO0
11343.62N\10046.56EL000/000/A=000071 07.1V 31C HDOPO1.1 SATS07
100:02:428 fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 U PID=FO0
11343.62N\10046. 56EL000/000/A=000071 07.1V 31C HDOPO1.1 SATS07
00:03:13$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 Ul PID=F0
11343.63N\10046.57EL000/000/A=-00002 07,1V 31C HDOPO1.1 SATS07
00:03:14$ fm E25LEC-11 to APOTUO-0 via WIDE1-1,WIDE2-1 UI PID=F0
11343.63N\10046.57EL000/000/A=-00002 07.1V 31C HDOPO1.1 SATS07

Decoder running

a v

§ o o v Ao
Ui 11 gunsalmasurasszuu APRS (F1g) wazdayadumisiinansuld (an)



Journal of Applied Science and Emerging Technology (JASET) Vol. 22, No. 1 [2023]: 244209

E=D)

I E23STK-11 - center - zoom - info

2017-03-30 18:21:33

alt108 m

Telemetry 2017-08-30 18:12:17: show telemetry
Ch1:72,Ch 2:0,Ch 3:0,Ch 4:0,Ch 5.0
07.2V HDOPOO.9 SATS09

TSR BalloonSAT@Ground

[4P0 53 ZWIDET=WIDE2-1,gAR. THAIWX]
king - track in Street Yiew

= E23STK-11
3

ool

o
Map data ©2017 Google 10 KM b1 Termso

Ui 13 medhameanmennuae 1 MsianlFny high-altitude balloon platform

3.1 MIINUKUNITND
msdnnamssenuuuludiude 7 dusnsn
waaeGadagary adasmsliueaguuaniiany
39 30 Alawasnniuduiiussadsudadide
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wasfianudnaaily 5 m/s Mndayainang vy
usse1ni@ (U.S. Standard 1976) ‘f’iﬂ’ﬂlléjﬁ
30 Alatunsaziiaumnnil 226.650 LAAIU ANNGY
8.7898 Torr (0.0116 n/m2) WazAMNWUILUUYDY
21 i 1.8x10-2 kg/m3 FetuLiiodiurum
ammniiwasidasmsudinsldvinesudadidoui
doaussailu 64.4773 m3 uazlasadivassuyindu
0.34 m iaanunueasluwuusandurasiudiu

1 =

suyﬂwazlﬁwummmﬂnLLdaxdauﬁqgﬂﬁ 8 (#e)
ﬁw‘hmsﬁ'mmugﬂLm‘uuauﬁuLﬁﬂﬁaﬂﬁuauﬂsuﬁh
8 #u azldsuydnifidnymsaieenoniifiyn 360
N Ga LLaztﬁ‘uL%anﬁdauﬂaﬂﬂwm%uy%wmuéwﬁu
g‘dﬁ 8 (M) (Warayut et al., 2020)
ludruzaemsuensalifunivuazynanzas
uaagu%ﬂ%’gmﬁayaaumn CUSF Landing Predictor
azlﬁﬂnéhafmmﬂmsﬁaﬁﬂdaﬂﬁqijauaagmmn
Tﬂﬂﬂ'agas‘hLmiiqﬁﬁmmﬂmiﬂziam%qLLamlﬁﬁq
unnallu 3 56 wiounanyaidedndlnanani

Nulannmswennsal waaalaaasuin 9

U

mnm‘séfqLnQLﬁumqﬁwmniﬁﬁmngmﬁ”ayaau
Wisuifsudayandenisudesuaaguaseruil
wnliufindeadaiy Tasanuaaanasuiiied
ﬁas:ﬂz‘mq‘ss‘mfwa;mmnﬁlﬁmﬂmiwsnniniuazammn
9397 12.5 Alawas
3.2 SEUUAAMINGIUKINNA R

NNM5BBNWUY PCB 28958UU APRS lTudiues
mads Jahluahaiugunsaiiuandsuandly Ui
10 ($18) 39Usznaudls 2 Uade é’qgﬂﬁ 10 (M)
(Pemmavit et al., 2020) ﬁuﬂnmsﬁwmszwiwém
229lULAN TNC ﬁ'udau‘uaﬂu@aﬁ‘aaﬁ%qaanmnﬁu
tilatlasfumssunu

Masun3e IGate FelFrandursnaniinasny
Lﬂ%aqﬁwqﬁaawsdwuﬂawuﬁ%wqaﬁmtdu FNTOUTAN
mn%amialﬁé’qgﬂﬁ 11 (18) wasuaadaya
@i’nmﬂqﬁﬁ'mﬁ%'ﬂé'ﬁqgﬂﬁ 11 (2M)

AINNTNAFBUAULUUIIIBININIAINTTNY DY
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