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Abstract

This research was conducted to study on the effect of pregelatinized starch on dissolution of
paracetamol extended release bilayer tablets consisting of the immediate and extended release layers.
Both layers were prepared by wet granulation method. Extended release layer was prepared by using
hydroxyethyl cellulose as matrix former at 3.75 percent of extended release layer weight. Pregelatinized
starch was used as disintegrant with concentrations of 0, 1.5, 2 and 2.5 percent by weight. In vitro release
studies were performed using USP 40 type Il apparatus and compared with USP 40 specification. The
results indicated that the release rate was increased according to the higher concentration of pregelatinized
starch. The tablets with pregelatinized starch 2.5 percent performed the similar dissolution profile
compared to the innovator. Both innovator and the formulated tablet with pregelatinized starch 2.5
percent were conformed the accepted criteria at the level L, of USP 40. The dissolution test result was
compared to the innovator to determine the difference factor (), and similarity factor (). The difference
factor was 3 and the similarity factor was 78. The release kinetics indicated that release form the matrix
tablets was followed by Fickian diffusion. The mechanism of drug release through the matrix was found
to be diffusion swollen and erosion controls. In this study, hydroxyethyl cellulose 3.75 percent as a
matrix former and pregelatinized starch 2.5 percent as disintegrant would be benefit for the extended
release layer. Thus, the extended release bilayer tablets could be a potential dosage form for delivering

paracetamol.

Keywords: Bilayer tablets, Matrix, Extended release, Paracetamol, Hydroxyethyl cellulose, Pregelatinized

starch

Corresponding author: tawatchai_t@hotmail.com
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Introduction

Acetaminophen is one of the most popular
over-the-counter drugs and is used as a common
household analgesic by children and adults. It has
an analgesic and antipyretic effects similar to those
of aspirin, but only weak inflammatory effects [1].
It is available in different dosage forms: tablets,
capsules, syrups, drops, elixirs, suspensions and
suppositories [2]. Most of the immediate release
tablets provide therapeutically effective plasma
drug concentration for a short period of time.
Conventional formulations are required to be
administered in multiple doses and therefore have
several disadvantages. Extended release (ER) tablet
formulations are preferred in some cases because
they maintain uniform drug levels reduce dose
and side effects, increase the safety margin for
high-potency drugs and thus offer better patient
compliance [3]. Bilayer extended release tablet
generally has a fast releasing layer and control
releasing layer to extend the drug release [4]. The
tablet and caplet dosage forms typically contain
325 mg paracetamol as “regular strength. Normally,
regular strength tablets or caplets are taken as one
or two every four hours. It would be desirable to
extend the dosing interval while maintaining the
initial plasma concentrations achievable with
conventional tablets or caplets. This would provide
immediate and extended therapeutic analgesic or
antipyretic effect and reduce the number of doses
necessary, thereby making therapy more convenient.
A way to do this has now been found, whereby two
tablets or caplets each containing 325 mg
paracetamol can be formulated to provide both

immediate release and extended release such that

the dosing interval can be extended to at least eight
hours [5].

Banu et al. [6] developed bilayer
paracetamol tablets for extended release by using
hydroxypropylmethyl cellulose (HPMC 15 cps,
HPMC 100 cps and Methocel® K4M CR) as release
rate retardant. Formulation containing 10% HPMC
100 cps and 1.5% sodium starch glycolate and
formulation containing 1.5% Methocel K4M CR and
0.5% sodium starch glycolate were found to follow
compendial USP 30 specification for drug release
profile. Chabkangwan and Kittitherakun [7] found
the dissolution of paracetamol bilayer tablets using
Methocel® K4M CR as matrix former at 1.25% of
extended release layer weight with 1.5% sodium
starch glycolate was similar to that of the innovator.
Both were conformed to the acceptance criteria
level L of USP 40. The values of difference factor
(fl) and similarity factor (fz) were 4 and 68,
respectively. Radebaugh et al. [5] found that
paracetamol-sustained release tablet or tablet layer
is formed by making a wet granulation, using
povidone in water or alcohol-water as the
granulating fluid which is mixed with paracetamol,
hydroxyethyl cellulose, a wicking agent e.q.
microcrystalline cellulose, then drying and milling
the granulation and blending with dry powdered
erosion promoter, e.g. pregelatinized starch, wicking
agent, lubricant e.g. magnesium stearate and glidant
e.g. silicon dioxide, and compressing the resultant
granulation, which upon administration results in a
slow release of the paracetamol.

The objective of this present study was to
prepare and kinetically evaluate the suitability

concentration of pregelatinizes starch at 0, 1.5, 2
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and 2.5% of weight of extended release layer and
HEC at 3.75% of weight of extended release layer.
Formulations were also evaluated with various
parameters such as physical properties of granaules
and tablets, drug contents and dissolution profiles.
The similarity factor and the difference factor were

also investigated.

Materials and Methods
Materials

Paracetamol was manufactured by
Zhejiieng Kankle Pharma, Hydroxyethyl cellulose
(Natrosol®/250L) and povidone K30 (Plasdone® K30)
were a kind gift from Maxway Chemical Co., Ltd.
Tapioca starch was obtained from National Starch
and Chemical (Thailand) Co., Ltd. Other excipients,
microcrystalline cellulose PH 101, magnesium state,
sodium starch glycolate (Primojel®) and
pregelatinized starch (Starch® 1500) were procured
commercially and were used as received.
Hydrochloric acid and other reagents were
analytical-reagent grade and purchased from Merck
Millipore, Thailand. Batch number of the innovator
was 20969B, Mfg date: 02.2018, Exp date: 01.2021.

Mehtods
Preparation of paracetamol bilayer matrix
tablets

The bilayer matrix tablets of acetaminophen
were prepared by the wet granulation technique.
Acetaminophen, HEC and other excipients for both
fast release and extended release layer were passed

through sieve #80 before their use in the formulation.

Formulation of the immediate release layer
Half of the dose of drug in the formulation
was used for immediate release layer. The fast
release granules were prepared as per composition
in table 1. Paracetamol was mixed uniformly with
microcrystalline cellulose PH 101 and tapioca
starch. Aqueous solution of povidone K30 was
added to the powder to make it damp mass that
was passed through # 10 to form granules and the
granules were dried at 55°C in a hot air oven. The
dried granules were passed through # 12 and added
starch glycolate by further blending for 3 minutes.
Magnesium stearate was used as lubricant in final

blending.



10 2. 2ng. INAIU. KOIGE0INAUWSINRESE

Un 6 auun 1 unsAu - Tnunau 2563

Table 1 Composition of acetaminophen bilayer tablets (mg/tablet)

IR ER-1 ER-2 ER-3 ER-4
ingrecients / Formuas (mg/tab)  (mg/tab)  (mg/tab)  (mg/tab) (mg/tab)

Paracetamol 325.0 325.0 325.0 325.0 325.0
Microcrystalline cellulose PH 101 31.8 28.0 28.0 28.0 28.0
Tapioca starch 20.0 - - - -
Povidone K30 6.0 8.0 8.0 8.0 8.0
Hydroxyethyl Cellulose - 15.0 15.0 15.0 15.0
Pregelatinized starch - - 6.0 8.0 10.0
Microcrystalline cellulose PH 101 - 20.0 14.0 12.0 10.0
Sodium starch glycolate 13.2 - - - -
Magnesium stearate 4.0 4.0 4.0 4.0 4.0

Formulation of the extended release layer

The extended granules were prepared by
mixing paracetamol uniformly with diluents and
matrix materials (HEC) following the formulas given
in table 1. The powders were granulated by adding
aqueous solution of povidone K30 until a damp
mass was formed. The cohesive mass thus obtained
was passed through #10 and the granules were
dried at 55°C in a hot air oven. The dried granules
were sieved by passing through #12. The granules
were blended with pregelatinized starch and finally

lubricated with magnesium stearate.

Compression of bilayer tablets
Extended release layer was compressed
first at the hardness of 2-4 kp and followed by

immediate release layer. The quantity of granules

for the extended release layer was compressed
lightly using 13 mm-diameter die of a hydraulic
press. Over this compressed layer, required
quantity of the immediate release layer was
placed and compressed with a compression force

to obtain hardness in the range of 19-23 Kp

Physical evaluation of granules and tablets
Flowability

The granules were evaluated for bulk
density, tapped density using a tapped volumeter
(Erweka SVM 12, Germany). Compressibility index
and Hausner ratio were calculated as per the official
procedure. These compressibility index and Hausner
ratio were calculated using bulk density and tapped

density as follows:

Compressibility index = [(tapped density — bulk density) / tapped density] x 100

Hausner ratio = tapped density / bulk density
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The acceptable scale of flowability should
be equivalent to “fair” or better flow scale.
Angle of repose (Ql) was determined on a

fixed base method using powder flow meter

(Electrolab EFT-01, India). An average of three
determinations was calculated from the following
equation. The angle of repose equals to 40° and

lesser is acceptable.

tan QL = height of the powder cone / 0.5 base diameter

Hardness test

The hardness of the compressed tablet
was determined by using a hardness tester (Erweka
TBH10, Germany) and hardness recorded was
average of ten determinations.
Friability test

Tablets were randomly selected and

weighed with total weight close to 6.5 g. Friability
was performed using Roche type friabilator (Brother
Join, Thailand) rotated at 25 rpm for 4 minutes. The
tablets then were dedusted and reweighed. The
loss in weight was recorded as percentage friability
that should be less than 1.0%.

% Friability = [1 - (weight of tablets after friability/ weight of tablets before friability)] x 100

Drug content

Weigh and powder 20 tablets. Add a
quantity of the powder containing 0.15 g of
paracetamol to 50 mL of 0.1M sodium hydroxide,
dilute with 100 mL of water, shake for 15 minutes
and add sufficient water to produce 200 mL. Mix,
filtter and dilute 10 mL of the filtrate to 100 mL with
water. Add 10 mL of the resulting solution to 10
mL of 0.1M sodium hydroxide, dilute to 100 mL
with water and prepare the standard paracetamol
solution as the same manner. Measure the
absorbance of the standard paracetamol preparation
and the sample preparation at the maximum at
257 nm. Potency was calculated by comparison of
the absorbance of the standard preparation and
the sample preparation [8].
In vitro drug release study

The dissolution test [9] was undertaken
using tablet dissolution tester (EDT-08LX, Electrolab,

India) in 12 replicates for each formulation.

Dissolution media was simulated gastric fluid
without enzyme USP 40. The medium was
maintained at 37 + 0.5°C. In all the experiments, 5
ml of dissolution sample was withdrawn at various
time intervals at 15, 30 minutes, 1, 2, 3 and 4 hours
and replaced with equal volume immediately.
Samples were filtered and assayed by measuring
absorbance at 280 nm. The concentration of each
sample was determined from the standard
paracetamol calibration curve.
Drug release kinetics

To study the release kinetics [10], data
obtained form in vitro drug release study were
tested with the zero order model, first order
model, Higuchi model, Korsmeyer-Peppas model
and Hixson-Crowell model.

1. Zero order model assumes that the
cumulative amount of drug release is directly

related to time. The equation may be as follows:
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Q =Kt
where, Qtis the artnourowt of drug un-dissolved at t time, KO is the zero order rate constant ex-
pressed in unit concentration/time, t is the time in hour.
2. First order equation is expressed as log cumulative percentage of drug remaining vs time.
The equation may be as follows:
log Q, = log Q - (K t/2.303)
where, Qt is the amount of drug un-dissolved at t time, QO is drug concentration at t = 0, K1 is
corresponding release rate constant.
3. The Higuchi model describes the cumulative percentage of drug release vs square root of
time. The equation may be as follows:
Q= Ky \E
where, Q is the amount of drug dissolved at time ¢, K, is the constant reflecting the
design variables of the system.
4. Korsmeyer-Peppas model derives a simple, semi-empirical model relating exponentially the
drug release to the elapsed time. The equation may be as follows:
M =Q/Q = Kt"
where, Q/Q0 is the fraction of drug released at time t, K is constant comprising the structural
geometric characteristics, n is the diffusion exponent that depends on the release mechanism.
If n <0.5, the release mechanism follows a Fickian diffusion, and if 0.5<n<1, the release follows
a non-Fickian diffusion or anomalous transport [11]. The drug release follows zero order drug
release and case Il transport if n=1. But when n>1, then the release mechanism is super case Il
transport. This model is used in the polymeric dosage form when the release mechanism is
unknown or more than one release phenomena is present in the preparation.
5. Hixson-Crowell model evaluates the drug release with changes in the surface area and the

diameter of the particles/tablets. The data were also plotted

(Q )1/3_ (Qt) 1/3 — KHC X t

0

where Q,is the amount of drug released in time t, Q, s the initial amount of the drug in the
tablet, and K. is the rate constant for the Hixson-Crowell rate equation, as the cube root of the percentage
of drug remaining in the matrix vs time.
Data Analysis

The dissolution profiles were analyzed with difference factor (f1)’ and similarity factor (]‘2).
f,= [(51 Re-TH)/ZRt] x 100
£, = 50xlog [{1+(Rt-Tt)x1/n}*]

Where, n is the number of time points, Rt is the dissolution value of reference product at time

t and Tt is the dissolution value for the test product at time t.
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Result and Discussion
Characterization of granules

Moisture contents of prepared granules
were in the range 1.01+0.03 to 1.43+0.06. Granules
prepared for compression of bilayer matrix tablets
were evaluated for their flow properties like angle
of repose, loose bulk density, tapped density, flow
rate, Hausner ratio and compressibility index. The
results of granular properties of formulation IR and
ER-1 to ER-4 were shown in table 2. Angle of repose
was in the range of 33-34°. The bulk density of the
granules was in the range of 0.45+0.01 ¢/mL to
0.48+0.01 ¢/mL; the tapped density was in the range
of 0.52+0.00 ¢/mL to 0.55+0.01¢/ml which indicates

that the granules were not bulky. The compressibility
index was found to be in the range of 12.00+0.17%
to 13.86+1.72%. Hausner ratio was in the range
1.14+0.00 to 1.16+0.88. Flow rate was in the range
5.91+0.16 g/second to 6.13+0.07 g/second.
Compressibility index value less than 15% resulted
in cood to excellent flow properties [9]. So the
granules showed good flow properties. The results
of angle of repose 31-35° indicated good flow
properties of granules [9] which was supported the
results found from compressibility index. All these
results indicated that the granules possessed

satisfactory flow properties.

Table 2 Physical properties of the prepared granules of different formulations

Parameters IR+ SD ER-1+ SD ER-2+ SD ER-3+ SD ER-4+ SD
% Moisture content + SD 1.43+0.06 1.09+0.20 1.01+0.03 1.01+0.03 1.09+0.06
Angle of repose (°) £ SD 32.9+0.12 32.8+0.05 33.8+0.09 33.9+0.13 33.4+0.15
Flow rate (g/sec) + SD 5.99+0.02 6.03 +0.13 6.13+0.07 6.13+0.07 5.91+0.16
Bulk density (g/ml) + SD 0.48+0.01 0.48+0.01 0.45+0.01 0.45+0.00 0.45+0.01
Tapped density (g/ml) + SD 0.55+0.01 0.55+0.00 0.52+0.01 0.52+0.01 0.52+0.00
Hausner ratio = SD 1.14+0.00 1.15+£0.86 1.15+£0.88 1.16+0.88 1.15+0.89
%Compressibility index + SD 12.00+0.17 12.69+1.68 12.87+1.08 13.86+1.72 13.58+1.05

Physicochemical evaluation of tablets

The results of physical parameters
(hardness, thickness, friability) and drug content of
the prepared matrix tablets are shown in table 3.
The thickness of the tablets were found between
5.84+0.03 mm to 5.86 +0.03 mm, hardness of the
tablets ranged from 22.04+1.39 kp to 23.35+0.09
kp and friability ranged from 0.40% to 0.55%. The

weight variations of prepared tablets, AV <15.0%
complied with USP 41 specifications. The drug
content of every formulation was found in the range
99.8-103.4% of labeled amount which met USP 41
requirement. So it can be said that physical
properties and drug content of the compressed

matrix tablets were satisfactory.
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Table 3 Physical properties of the prepared tablets of different formulations

Parameters Innovator Rx-1 Rx-2 Rx-3 Rx-4
Thickness (mm)+ SD (n=10) * 5.86+0.03 5.84+0.03 5.84+0.03 5.76 £0.02
Hardness (Kp)+ SD (n=10) * 23.35+0.90 2239 £1.76  22.04+1.39  22.17+1.33
% Friability * 0.52 0.40 0.48 0.55
Average weight (n=20) 784.6 100.8 102.8 103.4 102.3
% LA 99.8 100.8 102.8 103.4 102.3
Weight variation: AV (%) 1.4 33 2.7 1.5 29

* The innovator is film coated tablets so that these parameters are not needed.

In vitro drug release study

Dissolution profiles of all developed bilayer
tablets were compared to that of the commercial
product. The release profiles of different formulations
(Rx-1 to Rx-4) of paracetamol bilayer matrix tablets
were shown in figure 1 and table 4. The dissolution
profiles from figure 1 illustrated the effect of
quantity of pregelatinized starch on the release of
paracetamol from bilayer matrix tablets. The overall
release rate of paracetamol from formulations
containing different amounts of pregelatinized
starch. The release rate was increased according to
the higher concentration of pregelatinized starch.
USP 41 drug release specification for paracetamol
extended release tablet (for Ll, 45%-65% in 15
minutes, 60%-85% in 1 hour, NLT 85% in 3 hours)
was used as specification [9].

All tablets from the innovator released
paracetamol 45-65% in 15 minutes, 60-85% in 1
hour and more than 85% in 3 hours. The formulation
met all USP 41 specification. Tablets of formulation
Rx-1 released paracetamol slowly regarding to no
disintegrant. All six tablets dissolved 45-65% in 15

minutes, three tablets dissolved lower than 60% in
1 hour and all six tablets dissolved lower than 80%.
The formulation did not comply USP 41 specification
in 1 hour and 3 hours. Tablets of formulation Rx-2
released paracetamol at a faster rate than Rx-1, but
it did not comply USP drug release specification
completely. From this formulation all six tablets
dissolved 45-65% in 15 minutes, all six tablets met
the specification at 1 hour time point, but five
tablets released lower than 85% in 3 hours.
Tablets of formulation Rx-3 released
paracetamol at a faster rate than Rx-2. From this
formulation all six tablets dissolved 45-65% in 15
minute, all six tablets dissolved 60-85% in 1 hour,
but four tablets released lower than 85% in 3 hours.
Tablets of formulation Rx-4 released paracetamol
at a faster rate than Rx-3. From this formulation all
six tablets dissolved 45-65% in 15 minutes, all six
tablets dissolved 60-85% in 1 hour, all six tablets
dissolved 60-85% in 1 hour, but 4 tablets released
faster than 85%, two tablets released equally to
85% in 3 hours. This formulation met all USP release

criteria.
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Table 4 Dissolution profiles of the innovator and different formulations (n=12)

% Dissolved (mean+SD)

Time (hour)

Innovator Rx-1 Rx-2 Rx-3 Rx-4
0.25 55.14+1.83 51.424+3.73 53.18+2.37 56.36+2.93 59.29 +2.58
0.5 61.65+1.72 54.61+4.33 58.63.£3.93 61.20+£3.75 62.28+3.90
1.00 71.03+1.34 61.10+3.84 65.80+4.24 68.48+2.41 72.2144.05
2.00 85.11+1.89 65.74+3.67 74.00+4.07 77.04+3.04 80.46+3.11
3.00 89.31+1.89 67.45+3.96 81.31+4.08 84.04+1.86 86.69+2.20
4.00 91.62+1.91 70.74+3.43 85.21+3.96 88.87+4.25 90.87+3.72
100 -
920
80
T 70
>
5 60 -
5 50 4 @ Rx-1
g 40 —B—Rx-2
8 30 4 Rx-3
20 4R34
10 4 == inNovator
0 T T T T T T T 1
0 0.5 1 15 2 2.5 3 3.5 a

Time (hour)

Figure 1. %Drug dissolved from the innovator and different formulations (Rx-1 to Rx-4)

Analysis of dissolution data

To compare the dissolution profiles of
different formulation, a model independent
approach of difference factor f and similarity factor
fz) were employed. Difference factor f1 is the
percentage difference between two curves at each
point and is a measurement of the relative error
between the two curves. The similarity factor (f) is
a logarithmic reciprocal square root transformation
of the sum of squared error and is a measurement

of the similarity in the percent (%) dissolution

between two curves. The results of difference factor
and similarity factor were presented in table 4. Two
dissolution profiles are considered similar and
bioequivalent, when f is between 0 and 15 and f)
is between 50 and 100. Formulation Rx-2 - Rx-4
havingf2 more than 50. 'I'hef2 values of Rx-2, Rx-3
and Rx-4 were 46, 64 and 73, respectively, while
thef2 values of Rx-2, Rx-3 and Rx-4 were 8, 4 and
3 respectively. Rx-1 havingf2 value less than 50 and
havingf1 value more than 15 was not similar to the

innovator.
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Table 5 The different factor (f;)and the similarity factor ( f}) of Re-1 - e (n=12)

Formulas Different factor (f, ) Similarity factor ( f)
Rx-1 18 46
Rx-2 8 64
Rx-3 a4 73
Rx-4 3 78

Drug release kinetics

The drug release data were fitted to
different model equations representing zero order
(cumulative amount of drug released vs. time), first
order (log percentage of drug unreleased vs. time),
Higuchi’s (cumulative percentage of drug released
vs. square root of time), Korsmeyer’s equation
(log cumulative percentage of drug released vs.
log of time) and Hixson-Crowell cube root law (the

cube root of the percentage of drug remaining in

the matrix vs. time) to know the release
mechanisms. The results were shown in table 5.
The data from table 6 showed that most
of the formulations and the innovator were found
to follow Kormeyer-Peppas equation (r* from 0.9860
to 0.9956). The exponent (n) values ranging from
0.116 to 0.194 indicated Fickian diffusion type drug
release as when n < 0.5, the mechanism follows a
Fickian diffusion, and if 0.5<n<1, the release follows

a non-Fickian diffusion or anomalous transport.

Table 6 Kinetic values obtained from different plots of innovator and formulations (Rx-1 to Rx-4) (n=12)

Formula  Zero order First order Higuchi’s Korsmeyer- Peppass Hisxon-
Crowell
r’ K r’ K r’ K r’ K n rl K
Innovator 0.8877 9.691 0.8566 0.057 0.9637 25.464 0.9860 0.713 0.194 0.877 -3.230
Rx-1 0.8925 4.817 0.8679 0.034 0.9645 12.627 0.9902 0.600 0.116 0.8925 -1.606
Rx-2 0.9525 8.327 0.9236 0.052 0.9955 21.467 0.9956 0.673 0.172 0.9525 -2.776
Rx-3 0.9619 8.478 09361 0.051 0.9983 21.779 0.9929 0.706 0.166 0.9619 -2.826
Rx-4 0.9415 8.430 0.9149 0.049 0.9889 21.786 0.9902 0.730 0.161 0.9415 -2.810
Conclusion dissolution was occurred, the higher concentration

Al the four formulations of paracetamol
bilayer tablets and the innovator showed good
results in case of physicochemical parameters. They
showed good weight variation, thickness, hardness

and content of parcetamol. The more rapid

of pregelatinized starch was added. Pregelatinized
starch acted as erosion promoter while
hydroxyehtylcellulose used as matrix former.
Tablets from innovator and hydroxyethyl cellulose

3.75 percent with pregelatinized starch 2.5 percent
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showed drug release complied to USP 41 dissolution

criteria and the value of similarity factor was 73.

However, in vivo test is required for this formulation

and to compare the bioequivalence.
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Abstract

Ganoderma lucidum (GL), known as ‘Lingzhi’ has immunomodulatory effect to stimulate immune
cells, such as B cell, immunoglobulin (Ig). The duration of those cells’ recovery after chemotherapy
completion was longer than 9 months. The objectives of our preliminary study were to evaluate the
effect of GL broken spores (GLBS) on immunoglobulin levels and its safety in patients after chemotherapy
completion. Fifteen cancer patients after completion of chemotherapy were informed to take 750 mg
of GLBS per day divided into three doses before meals for 8 weeks. The results showed IgG, IgM, IgA and
IgE levels were not significantly difference compared before and after this study (p-value: 0.34, 0.53 and
0.95, respectively). Mild adverse events such as dry mouth, headache, pain, oral wound, and constipation
were found. No significant changes of renal and liver functions were observed. The results suggested
that consuming GLBS at 750 mg per day might not be effective for increasing immunosglobulin levels

after completion of chemotherapy.
Keywords: Ganoderma lucidum, Immunoglobulin, Chemotherapy, Safety, Cancer
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wene 311U 4 918 (Fevay 26.6) qua?iEJ 56 U (26-
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unnstseeslafifudnAey (p-value = 0.344, 0.534,
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\den wu Blalnadu Windenvnvdalululed dalnsila
wlwila dledluily dulwled wazindalden (p-value =
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. ANANe (dusenanendelng)
AuNR® . . . p-value®
#Uan 0 dUnn 4 dUmn 8
AINSINTUDIRY
5-40 24 24 24
AST ns
Unit/L (22,30) (21,37) (20,41)
0-55 20 19 21
ALT ns
Unit/l (14,30) (15,32) (16,41)
40-150 59 66 68
ALP ns
Unit/L (46,95) (44,81) (52,83)
35-52 4.1 a4.2 4.3
Albumin ns
g/dl (4,4.5) (3.9,4.6) (3.9,4.5)
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o ANaNe (Wdasendnenialng) b
Aune R v R p-value
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Abstract

This article presented the development of the SOS platform for automotive vehicles by using
narrowband-Internet of Thing (NB-loT) technology which using low-power. The platform is including 1)
the signal transmission device in the vehicle 2) the android OS based application for retrieved notifications
in smartphones. The transmission device will retrieve some data from several sensors inside the vehicle
including temperature, the carbon monoxide level inside the cabin room. These data will be recorded,
processed, and report Via AIS Magellan cloud service. As a result, the platform is able to transmit the
SOS signal in distance 0.24 to 64 Km. The experiment has shown that the signal was transmitted correctly

but there is some delay of signal transmitting time increasing linearly due to the distance. The developed

prototype platform can be further developed for further practical use.

Keywords: SOS, Low-power network, Mobile application, Internet of things
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BAnNdUNITITY
1. waluladfiiAsatas
1.1 Narrowband loT (NB-IoT)

Narrowband loT %38 NB-loT iuwaluladnis
Aeansuuu Low Power Wide Area Network (LPWAN)
InafiaddAnsAMuANINIgIUNaIe 3rd Generation
Partnership Project (3GPP) Tng NB-loT ferdunilslu
release 71 13 484 3GPP (LTE-Advanced Pro) uazUszne
sonunduninsgruluiioudquisy wea. 2559 vinli
gunsaleng q anansaldiasetnwganslunsiudstoya
wuuldngaanus dadaya uplink Tuwuadimanzaulag
LUAREIRIgUNIel IoT To1gnisléamuenium aunsa
Waune3evelilauing loT leedreazainsaniin

,_
q
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g
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s rrier

in-lan

e

iesnnltszuuedernswgansludeqiuld uazanidl
g1usessugunsal loT launlussduuausaseaniiig
NB-loT [dguanudegeiios 180 KHz anunsaviauls
3 anwy Ao 1)Iﬁﬁaguuﬂﬁuﬂawuﬁwﬁaﬂiawaa GSM 2)
Hoguunaunnufives LTE 3) Tuunduanudifiesdy
LTE Wnelduusaumnudviaugeniinnuidilunsieans
250 kpps danuslunissudyanalaluszdu annnin
150 dBm Raflszezvnanisdeansitlnaunn Tnedienunda
TumsSudygralaanin GSM wag LTE Tussuuiiu 20
db ;ﬂﬁu’%mﬂmwﬁsﬂmﬁwﬁmﬁauﬁmmmaméiy’ﬁxw
doansteyafugunsal NB-loT lelnglaidndudaadl
Buwmesidanmng Joyargndiwingunsnl NB-loT N1u
Taseelnsdmiedeuiiluduaiouinglalnenss [10]
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10 MHz LTE carrier

mwﬁ 1 miLLﬂqmmﬁﬁuaq NB-loT [11]

wonanifludumenmdfosfinnsaniuay
audegldnulunsdedanamuulianesie Tasuus
woupudeanidu 2 Ussian #e 1) unlicensed band
waz 2) licensed band Fsgafmuanisldayly
Uszmalnelpganznssunisianisnszaedss Aanis
Al wazAan1TINTANUIANLIYIANTD NaNTD.
wouAMAgy unlicensed band Tuusemalnedinig
fualiansnsoldnuldlnesienigsdegeaelsifuend
fasruely wenaniifivsern navy. fufiureulily
AAUAMUEEIU 920-925 MHz Hiesessumalulatleled
A ($19) Usgne nane. 1389 11955 IvaAtaves
inFeslysauunAuLargUnsaldmiueiosingauunAY
lafleuszunn Radio Frequency Identification: RFID
Faldmauanudienu 920-925 MHz

Tudauves licensed band agandunislag
Fliuimsenuedetnslnsauuaudlasuluoyain

Tunsldnaunnudiu 9 19 ARUAMLAE 3G Wie
guitlirusms LTE Tnwanunsaldlavieniud Tuthauay
AmAAa (guard band) vi¥elHlunuudmmudidediuiu
Alsu3nng LTE wefils (in band) (nwil 1) [12]

1.2 Wslamaa CoAp

CoAP (Constrained Application Protocol)
Husnsgudignitmuntuantvaling 1ETF 1wl 2014 Tn
gneenuuulvindneiu HTTP Sy document transfer
protocol uafawmdnninunn iszdadudildsndu
fanazvhauuu UDP daduluslamoaiilifimaatans
\Fouseszminsgunsaivaens Tededoyaldidanin
wakin1Sudinteyaazgnadludeuateniedauiueu
gndesmNaIRy Msdsiuasisesddiutoyasieosiuri
vusTAukaUnaIAfy
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TUslnAoa CoAP uandnenssuwuu Client/
Server ImEJLﬂ%ﬂgﬂﬂha%ﬁwmi%fmsua‘m%’wmﬂﬂﬂﬁ
sositnelagnse antupseuitieazinnsneu
ndu3eanSeutiueandu ‘Content-Type” iilauanii
Lﬂ%@ﬂqﬂﬁjﬂﬂﬁﬂﬁﬂﬂﬂlﬁ%’ﬁﬁamﬂﬂugﬂLLUUIMuﬂé/U‘lU (1vu
JSON, XML, CBOR L‘f]uéfu)Iﬂam%ﬂqmiwmmaa GET,
PUT, POST uay DELETE M3wennsunLa3ausanese
URL uag query string Tunsanitnenssuiuy CoAP
fiflnsuanildsunsnensiulaenss Sensor Node
vmihidutaeseuside LLazm'%'mQﬂsziwiunmLﬁm
stwé’aaﬁﬂmimﬁul,l,ﬁmﬂmﬁgﬂdammiﬂﬂmaa
CoAP E]E)ﬂLLUU@J’]E?WM%’Uﬂ’]'iLLaﬂLUEdiIEJ‘lJ‘?J’E);JUaLLUU one-
to-one nzdmIuLeUNAIATULUUNSE AU
gunsalegunseteieiuaunsafndeiuldlaenss
[13]

1.3 N15U3N15U89 AlS Magellan

Juuwanesu loT connectivity platform
vaaliuInsinsAnsidetiennuiem uemud dulus
wodda 91fin mwu) (AIS) Fasunanlesy loT
Connectivity Platform taudlidingnlunislusnns
Ju UDP Server flatfuayuluslanea CoAP 1U3n13
dashboard USuusa nsuanswadeyaluguuuy widget
viowanTousio APl AulonnAlnduuugunsainnmn
wazn1sly data proxy $995UNTIHIULIN NB-IoT

development kit LLazqﬂﬂizﬁ loT 3u 9 @1U15NAANT
gunsal sxUUUIN15AATILY8I AIS Magellan Luunan
wosu fignesnuuulviiamiuagsiieanuazmin
dmsuiniimunlunsdeansssrinaeuees gunsakin
sruuAseYIewgaiidgseuuaailaense Taedl
Library AIS Magellan iiloatuayutiniiamndngsiasi
waglogdu loT Tanunsoasunisesniuuuaznaaey
AMLTULULS (proof of concept) lraenssinsineu
asrafundndagiads [14]

2. MFIATIZATZUURATOINRUUITEUY

meifeadesiumseenuuuuazihnalulad
NB-loT tnangaglunsdsdygrauemutisindsan
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Arsusuteueanles wavwuwesingamall Yuiinuas
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LPWAN %38 Low Power Wide Area Network Savili
aunsaiudsteyannisumeslugadivinslnadsaning
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NB-IoT AIS | | F—
Satellite | NB-IoT — AIS —
Sensor Network Magellan
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A9 3 @aatnenssuseuu (system architecture)
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architecture) wuseanifiu 2 dw Ao 1) diuades
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druveumdeddynazwUeendu 3 du el
1. druvouues

1.1 Neo 6mv2 GPS Luisuiasdmiunsszy
mumiweaaiesdsdyganile Neo 6mv2 GPS $u
dyaannanuiiedliszdideyaindslilasreulnsaaes
Arduino mega 2560 lagigulgasazsudmyanlaniy
UINUAGUDNDIAT

1.2 DHT21/AM2301 umugesildlunsin
Nyl warArnudLIMSLUUATR Tneidoudedne
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1.4 Button Switch {ulunawuunafinUase
Furtmiiidsdyaraud wieuludieunaduuu
gunIainnm
2. d7uva4 controller

Jululasaeulnsaiaes Arduino mega 2560
Iuﬂﬁﬂizmama%aﬂaﬁlﬁ%mﬂwuwa%@m 9 uazes
TUsdumald
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3. daufnfanu cloud server

W NBIoT iifesnnainaiunsasesiunis
L%amialﬁmmﬂwmagﬂuw VNTFUAIINLTUGDS
deituszuuiasetnewgans lagldluslnaea CoAp
Toyaazgnuszananauazdaiiulifiuinisaannd Als

Magellan %ammaaﬁ']u,ammﬁuaasﬁaaﬂammﬁzjuwa%m
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A15eBNRULAILAS0sAE Il A11750
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MQ 9 carbon A8
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NB-IoT
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Button switch =
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Al 4 uunmuden (block diagram)

NN 3 uNunIwuden (block diagram)
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Abstract

The purpose of this study was to develop the data collecting program of fanpages on Facebook
supporting displayed-changes without software development. The employed program focused on the
data collecting program of fanpages on Facebook for the reason that there were a large number of users
for specific purposes; for example, the fanpages dealing in fashionable bags on Facebook had a great
many of customers being interested in anything baglike etc. The program was set to determine the series
of Tag HTML of the model fanpages and applied to other fanpages as the target group for the data
collecting. The developed program was used for accuracy assessment. A sample of 20 fanpages on
Facebook were drawn from the fanpages dealing in fashionable bags online using simple random sampling
method. The findings indicated that 19 fanpages on Facebook were allowed to access topics provided
thoroughly; nevertheless, 1 fan page revealed 4 topics only such as ID names, total of LIKE numbers,
total of comments, and dates of posting and access. In addition, there were 2 topics containing the
missing data. The picture links attached were not displayed because of the inability to connect to the
sources, and the lack of access texts posted was caused by using texts blending. Based on the findings
of this investigation, it was concluded that the data access reached the accuracy by 98.5%. Further
research is recommended to emphasize the variety of the model fanpages in order to increase the
accuracy and efficiency of the program. Furthermore, using artificial intelligence technology can result
in more effective data analysis. It should be noted that the model fanpages must be well-selected with

a wide range of specific texts.

Keywords: Data collecting program, Facebook, Fanpages
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Facebook ID,
Token, Target

Finding patterns from Extract data with
prototype pages patterns
Target pages

29 1 a1 UnenIsuveIsTUUALLUY

i 1 TUsunsuiiimunagiinmsmuuuedng (patterns) 9nimaduatu Tnglddeyaninindu e
fuaty Wensusiuniswesdoyalusuuegwvamiumg szhdeyaildluldtumadmaneadudduseld (awd 2)

Username, Password, Token [ Connecting Api From Token

Connecting Success

Locate to Facebook Fanpage

GetFacebook Fanpage tag

Locate to Facebook Fanpage Target

o Get Facebook Fanpage target tag

Facebook Fanpage Data
P,

29 2 Sequence diagram UBlUTLATUTNAUN

1) Wpswilassadrasivlsdmatnunung tnanisnsivaeunisuaninavaminivled saudenis
U ANULANANTENIIIUTT IR T UAz UNAR D TY

2) senuuutunounaifetoya uariinadeusoiiiefudstoyatudulusivudn

3) sonuuugUuuUMsiaiuraildnmsiirfedeya uasmsustiliumugndesvamadnivedlaseny
3. nszuaumslumsasiamdaya A1 Uszlea visenm

TnsanunsnFoudzuuuureanmsuansuatoyavuniivleidmeandendelul



42 2. 3ng. INAlU. KoIGEo0aUWSIRESA Un 6 auun 1 unsAu - Tnunau 2563

1) mawSendoyafuuuy waznsnarvesivled

Pesquisa no Faceboak Pesqiar

Pagina inicial Perfil Mensagens NotificagBes(10) Chat Amigos(1) Paginas(4) Grupos Menu

Pagina Atividade @ Estatisticas
SHOP GRADE A
Malas/bagagem
& ] «
Publicar Foto Promover Mais

Taxa de resposta: 66%, tempo de resposta: 9 min

Emiar Mensagem

Adicionar informages de contacto

Escreve alguma coisa...

-U Publicar

BFoto 2 Visita - Mais
Sobre >

g Costuma responder dentro de alguns minutos
Emviar Mensagem

b ’
A 3 Meghamednurunanuuuy

Recente

" SHOP GRADE A

Deep Ln

Ver Tradugso

2 de margo as 21:44 - Piblico

Promove esta publicagdo por apenas 960 B para alcangar até 61 000 pessoas.

3 pessoas alcangadas - Promover Publicagio

Gosto - Reagir - Comentar - Partilhar - Gostar da Pagina - Histéria completa - Mais
Album Gucci bag

il SHOP GRADE A adicionou 5 fotos novas.

2 de marco as 21:40 * Piblico
Gosto - Reagir - Comentar - Partilhar - Adicionar mais fotos - Gostar da Pagina - Historia completa
Mais

i sHop GrADE A

Testing Leaning

Ver Tradugio

2 de marco as 21:16 * Plblico

Promove esta publicagdo por apenas 960 B para alcangar até 61 000 pessoas.
2 pessoas alcangadas * Promover Publicagio

Gosto * Reagir - Comentar * Partilhar * Gostar da Pagina  Histdria completa * Mais

i 4 fegramednurhunanysene

Locating facebook from : https://m.fa
ehook.com

scraper init success

sing Facebhook ID - SuthiwatsangsuwanPHotmail.com
nter yvour Facebook password :

ai 5 astuiinimlednunume

N 3 89 5 wansdoyaununasuwuungidelavinisadiatunn wslddusiuwuunmsnsadgeu
AgnApseslayaraansivihn s fununang dnrenguiiegns uagmguuuurean1suanikavesIuled
wadn Weliieranishumdaninuae 9 neunissdillgiunguiiegsiinivundu



U 6 auun 1 unsAu - Tnuau 2563 2. 2n&. INAlU. KoIdeonALWSINESE 43

2) ﬂﬂi@li’l"\]ﬁﬁ]‘ULLﬁﬂ HTML TuusagUsenirainnsuanua

AWA 6 TAG HTML

] 2 v & ' Y I ¢ & v v
i 6 WudeyaunnluwsiazUseniea Nldannisuansuaveaivledmadnunumnivesdoyanuuwuy
Tnglsannmamiuusgawesufinfounumanseiauinu o iansdowiuiuiuderuveuusnlulsazUssne
Y = v @ (3 I3
3) maviniisdayaiuledianlnidu (token)

FB_PAGE_IARGEl - "https://m.f com/ 0"

n(FB_ID ,FB_PW)

F8_PAGE_TOKEN, FB_PAGE_ID)
(FB_PAGE_URL)

awd 7 Ay

a7 wansmiduvesangdnurumaiieldlunsidifedeyasinmslew Wethluiuseuiieuiu
win newfisuiisrnudn sllaveuiin Aldennuu q uazihunduiiniuguuuuvesdssnmetiu 9
4) msdnviavesusznimandeyaiuiuy

(1)

I
2 de margo s 21:40 - Publico |
Gosto - Reagir - Comentar - Partilhar - Adicionar mais fotos - Gostar da Pégina - Histdria completa -}

.' SHOP GRADE A

I
Testing Leaning
I

________ Lo RSN
12 de margo as 21:16 - Piblico
1

Promove esta publicagdo por apenas 960 B para alcangar até 61 000 pessoas.
1

2 pessoas alcancadas - Promover Publicacgo i
| 1
Gosto - Reagir * Comentar - Partilhar - Gostar da Pégina - Histdria completa - Mais
:

1
Wbum coach 1
I

b
!‘-" SHOP GRADE A adicionou 4 fotos novas.

E

2f 8 NsfarUseneludaning



44 9. 3ng. INAIU. KOIBE0IEUWSINESE Un 6 auun 1 unsAu - Tnunau 2563

",‘-‘ SHOP GRADE A adicionou 4 fotos novas.

D de marco as 21:10 - Pdblico
2 de margo as 21:10 - Publico
{Sosto - Reagir - Comentar - Partilhar - Adicionar mais fotos - Gostar da Pégina * Histdria completa
Mais
+
|

Mostrar mais
|

2018

As tuas Paginas ‘Comunicar um Problema
A Termos e poliicas
Terminar sessi (i

Voltar ao inicio

a il 9 mssasznefdugunm

AT 8 waz 9 LunmTIEnIsRIR UL ULLRe TN Wu MaiilUsunsuseuinnsysenia
& 1 = ] o < v 1 = A o Yo & s & v
Junmegafien vselseuianuseneluteanuegiasen ivetluldiuivledmaednunumandesnis

5) Msinfisteyanniulgdadnurumanngluuunlianduiuy

£b fanpage

ds
Cds
b expandin|

Saved £bh £ a Blocks
ktop~fh—page —scraper—master~fb_page—scra
©

A 10 Getting data facebook fanpages

i 10 Wunmuamnmsideusediiu - 4. n1snaaaddaseau

APl 9839114 facebook hag1dayafen1suILanIHa Tumsianszuulusunsususudoyasnn

Julwaiiefiagyinsasiauiinvesnmuiedennudl  wednununsazldnwlnseunaznwaniuideing

fBaNs Tun1siaun Tneidulafnwinatinvesanuideves
v a s ] a ¥ [
duiined [8, 9] luduvesnadanisldnulnAunag
nsfauindoya Jsfinsrurunmsvianulsunsuuans
fanINdl 11



U 6 auun 1 unsAu - Tnuau 2563

2. ong. InAlU. FoIBaonauwsinesa 45

False

Invalid
Token

FBID,
Token, FB URL

False

True
Invalid
FB

»

Invalid
FB URL

Msg "Invalid FB URL"

Msg "Invalid FB"

Pattern finding

l

v

Msg “Invalid Token”

Extracted data (.csv)

AN 11 Flow Chart N15¥M91UY8952UU

1) nsnaaedasinulagnsTulusinsuriy
Command Prompt LéimzﬂLLﬁﬂWiIﬁ%@ﬁm%ﬁﬂ%LLaziﬁﬂ
shudievhnisasufindnssuy vdsndu Tosunsuae
vhnsidessieliniu APl wdniilevinnsihdeyasen
WIAAIHA

2) Waunsuldvihmsihdeya Tag HTML ves
Tassadamangdnurnaduiuusenuiluusaziin
%’amﬂalﬁaﬂwaﬂi’umm Useniagy wazUsznAdening

3) Wsunsuhdeyamednurumavesiuuuy
ilsn APl uag Tag HTML sniUSsuifisuiiievnguuuy
YINTUAAING

A19199 1 Lans Test Case @1m3U Login

4) Waunswhnsiudeyavesesdnurung
e Tegldsuuuuilifianeiands 3

5) Yuitnaslulyld TeyalulwdzUsenaudie
Usgniaing 9 Anssiufumadnunumaiivang

5. nsnadauUszANBAmMvesTUsUN SuTIwAILN
minageuluduvesUsEansanvedlusuny

ftannlunsiihiedeyaiinsdafiudmadnsainnns

ArImdeyansIuiifiosnsuazasiaiuteya B

1%

Toyatlumislsenauluime lef depruvessznia

a ¢

darigunm (i) Swaunnsnagnla SuruauAaLiy
Tuuazisiou NUszn A (113199 1 wag 2)

Project Name:

Module Name: Login
Created by: Team
Date of Creation: 10/2/2561

Date of Review: 16/3/2561

Data Scraping from Facebook Fanpage Program




46 2. 2ng. INAlU. ROIBEDINALWSIREISE

Un 6 auun 1 unsAu - Tnunau 2563
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Test Case ID Test Test Case Precondition Test Steps Test Data Expected
Scenario Result
1. Paste Token Valid Token
Verify the Enter valid User 1. Need a valid 2. Enter User Name Valid Name Login Successful.
TC_LOGIN_001 login of token  name and valid
Token to do login 3. Enter Password Valid Password
Facebook Password
4. Push Button Enter
1. Paste Token Valid Token A message “Login
. can’t Success
Verify the Enter valid User 2. Enter User Name Valid Username 5
1. Need a valid Passwor
TC LOGIN 002 login of token name and valid ] . »
— — Token to do login 3. Enter Invalid Invalid Password  |ncorrect.
Facebook Password Password
4. Push Button Enter
1. Paste Invalid Invalid Token A message “API
Token not connected
Verify the Enter valid User
1. Need a valid lid check your page
TC_LOGIN_003 login of token name and valid 2. Enter User Name Valid Name ken.”
Token to do login token.
Facebook Password 3. Enter Password Valid Password
4. Push Button Enter
1. Paste Token Valid Name A message “Login
) ) can’t Success
Verify the Enter valid User 2. Enter Invalid User  Invalid
1. Need a valid N U Username
TC_LOGIN_004  login of token  name and valid ame sername |
Token to do login ncorrect
Facebook Password 3. Enter Password Valid password
4. Push Button Enter
1. Paste Invalid Invalid Token A message” Login
Token can’t Success Api
) ) not connect
Verify the Enter valid User 2. Enter Invalid User  Invalid
1. Need a valid Username and
TC_LOGIN_005 login of token  name and valid Name Userame P q
Token to do login asswor
Facebook Password 3. Enter Invalid Invalid Password  |ncorrect.”

Password

4. Push Button Enter
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M99 2 Lang Test Case @1m5U Extract Result

Project Name:

Module Name:

Data Scraping from Facebook Fanpage Program

Extract Result

Created by: Team
Date of Creation: 10/2/2561
Date of Review: 16/3/2561
Test Case ID Test Test Case Precondition Test Steps Test Data Expected
Scenario Result
Valid to open Extract data are
1. Open csv file csv correct
Check 2. Open Facebook Valid Fan page
Check headline 1. Need a Fan page Which you
TC HD 001 extract
form Result perform program  have chosen
result
3. Check , photo, Valid Data
comment to be the
same data
Valid to open A message “can’t
1. Open csv file csv Success Fan page
Check | o
Check headli 1. Need . } neorrect
TC_HD_002 extract eck headiine ced a 2. Open Invalid Invalid Fan page
form Result preform program . 100k Fan page
result
Which you have
chosen
Valid to open Extract data shown
1. Open csv file csv as blank field
Check 2. Open Facebook Valid Fan page
Check headline 1. Need a Fan page Which you
TC_HD 003 extract
form Result preform program  have chosen
result

3. Check , photo,
comment to be the

same data

Invalid Data
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Abstract

The purpose of this study was to predict electricity values using in the process of electrolytic
copper plating to increase the thickness of copper in holes and on the surface of the PCB board according
to customer’s needs. The configuration data of electricity, collected from an electronics components
manufacturing company, were the data that went back from January 2018 to September 2019. The
studied data were divided into two data sets (according to types of machines using copper plating): line
gate type and line VCP. We prepared the proper data to save it into the database by employing the best
prediction model for each type of machine and using the R programming language for analyzing and
predicting. The results showed that the lowest MSE and MAPE values which derived from the line gate
of the support vector regression model are 1.6259 and 5.1991, respectively, followed by the multiple
linear regression and the decision tree regression model. The MSE and MAPE values of the line VCP of
the support vector regression model are also minimal values equal to 5.5466 and 7.8465, respectively,
followed by the multiple linear regression and the decision tree regression model. Therefore, we use
the support vector regression model to predict electricity values in the process of electrolytic copper
plating for two types of machines to increase the accuracy in assigning electricity values and reduce

working time due to an error in controlling electric current.

Keywords: Electrolytic copper plating, Support vector regression, Multiple linear regression, Decision

tree regression
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14. Immersion gold YULATOURINBINAIIE nickel wag gold tneldufisemnaall
15. Thermal printing UitRnuiReafunsianiuuuig 9 adusanu
16. Fabrication fiussdunuliisuig sum saiignédesnis
17. Electrical test nageuann NSt inivedualesmagey 100%

Outer

back | 18. Final inspection maﬁ]aaummauyjiiﬁ‘um\ﬂu 100%
19. Immersion tin wdevimtimowuasiilnl el dnudeynlneienad
20. Immersion silver wdeuimimewnsdilalfifteldnusetulnetheead
21. Surface finish ATIRABUAIINANYIA! 100% frutunoud 19 uag 20
22. Packing EER VR
23. Stock finished . & 4 v e A Y a
so0ds igunuivieusndalandeunseuduauligndn

msmuamnszualiihfilvaruasazane
aglunszuIunTs electrolytic copper plating Faen
nszualiiheiinadennuuivemewnsiiviou ne
finszuaunsifeitesegluseu outer front Uszneu
lﬂﬁ’w%umau drilling, electroless plating, image , SES
wag PAQI
n52UIUNTS drilling

Lﬂwﬁzumaumﬁngawmm erdunis
Feuhlnihwenastulusazasastuuen
N38UIUNNT electroless copper plating

udumeunisgunesuasuis q adluly
e luthenad Lldnszualwitlunsgy dedu

5
Y
dgalmannisiladnle 3§ 3 Juneu eadl

1) Deburring A® miﬂwmuﬁmumﬂngﬁ
wkun drilling wddip3es deburring LiledaRant
eIy UIng Wiseu uwardnriauaze1aRneuny/
viniuitoglug

2) Electroless copper plating Aa 1154197
YUNDILAIUN Uuﬁmas’l,ugﬁaafwmmﬁ

3) Post clean A9 NISANYINALALDIARY
UDSANEIYU
N3¥UIUNTT imaging

Judupeunisadraduansasastuuen i
3 Jupou feil
1) Dry film A? nsIafldumguilIvesn
2 fu

=
=te
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2) Exposure fig N34 working film fivian
MniduFuLUTIgNAeUsENUT 2 Fu srdean
tuheuaddiuanhuiaserfuidefidy auiniiduas
2siiileiid

3) Develop i nsdsilduamiililnugne
UEIDDNUSDEIUVDIAUADIIT
N3UIUNTT electrolytic copper plating

nrsiavuanszualil e yiunledly
NF¥UIUNTT electrolytic copper plating Lid]u“ﬁzum’eju
NMIYULTLAMINMLIMBILAIULLAUAT899T ¥22905
52995 uazynuinaidaduneuasly uenainnsu
veuAsIFRIYURYN (Tin) LAdoUUURMBsUATiHIY
Ui Wadunstestulslimeungnitaiity
noudell fitunoudellil

1) Wana1udn line M3yu Copper

2) funmnszudlihfldrefuiiifesnisgu
W v 2 §1u (Copper uay Tin)

3) Lﬁamuawguﬂa Copper Usunszualniln
aufignually

4) Waaaue Tin USunseualniihauiaduinld

n38UIUNI5 SES
&) 5 v a s L v a
Wutunaumsdsilau/naneswny/aesiun
- % P ) a
gon Weldnuniluduaeinsiiiunsguanumn
v a 0’.’/ L ! &I
VAL TTunoudssialull
1) Strip film Ao M1sA1ldNAILNAUNDIULAY
ldifeansguanuvuINeLaiiveen

2) Etching Ais m3fianeauasdiuiioglafiaud
aeen Tumsuilmnauliliguiunaguduatsians
11 viliduangiasgnuien etching Anld

3) Strip tin Aig MIANAYNTNAGUIAUAIEINAS
29N MAIINATTHIY strip tin wlaauniidualensas
Juveawasuuiuaifiun
N3sUIUN13 AOI outer

& & = =
Juduneunsnsivaeuatenasiisuiiey
ULFUAMEIATAUUUUVDIGNAIVDIUTIY 9 N1TTINY
Ao b o
11 2 YupeuAall

1) Scan Ag ATIIMTOUNNTDN

2) Open f® (@UA8ATABIAULAANIIVIA
ponanfuvinbilwlaiamnsanila

Usznmaiesdng

Ussnvweaaiesinsluduneu electrolytic
copper plating YU INART UELB EnNseTingT
Anwndl 2 Uselan waasUssnmianvasnIsgunauwnd
wANE1IU

1) Line gate type anwagn13yu awly rack
wiluusiuuaialiifiy 1 flight bar NTYUTLYURLIRG
flight bar tndeuiiludnwazenguadluluusazye line
gate type léufl line 1, 2 way 3 (0l 1)

192 inch

-—-—-—- LR R w F R

YULULTUA

AW 1 F1883UYUNDAIUTEAN line gate type
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2) Line VCP énwaign15u 914 hanger vilu
vesalihuwad Usznouludieiwad A uaz B n159u

s A = < '
agyuLUULLIUeU wadindeuilnauamenuluwsaz
Ua Usenaulume line 4 waz 5 (N 2)

81 inch |

\
\
Hanger I I

ik

2
vy wuulwalfuanemu

e

_

—.

MR 2 PavsUsyuNaUAsUIELAN line VCP

n1si3euduaaaies (machine learning)

Machine learning WiensiFousueaiaioaiiu
amilwostlynuseAng vneds nsaeuliszuy
renfinnedinisdeusladisnuiesaindeyad
doudnly Tnglifeadeulusunsudsau oadash
wunietunouds uasiluldlunisiunedaeunie
wadwsidenoufinmefiFouiuds arwiniSouldas
gnifiuliTugiuanusluguuuusing o wu ng wiedlaridu
Feiudiofidayali q anlugudoys revfiunosh
agmsUiuiasungvideileidulmilfimnganiugu
foua amnsowdseandunmsdeusld 2 wuulugq [5]
o

1) m3Fguiiuuiigaeu (supervised learning)
fio msBeusiiendeiaou Tnefineufiunesazanunsa
mnouvienadwslifefiues ndmnildiFeus
nndeyauaznadnsiteudiluuazaousiulunoumii

Wepeuitunesiseuiudluseuseluidlelddeyaadly

AawTinesAzUBNNAANS LAV AineuIn T la
Seus
Y

2) nmsseuskuuldiifasy (unsupervised

leamning) Ao N1sieulidissedudaou lnelddoya

Wlupsudiamesuazlulaivuanadns wagl

ARUTIMOSITEUSTITLNNUMIEAILD

mmmam%ué’uwnqm (multiple linear regression)
m%maam%ué’uwnﬂm (multiple linear
regression) +Jun1sAnwiAuduiusiduduvengy
FuUsdasyaaus 2 2 Ul AudmaresuUsan
vilfanunsaldmnuduiugiussanasdevihuneaives
Fuusauld Tneddnvazaunisidusid (6]

Y =b,+b,X,+b,X,+...+b X,

2 AUTTUUDY Y

o))

Y
bO
b;

o)

9 Srevdauny Y 1onnen X, ugug

o))

9 duUszansnisannesvesiiulsdase @i 1 8N k Wi j = 1,2,...k
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gduldnrsandulauuusinsaduy (decision tree
regression)

sulddndulauuusinsady (decision tree
regression) Ao wUUSABIMSARMmaRsioneInse]
EREDIOER Tngn15d1deyauasauuudIaednis
wensadtuguuuuredassaiiesuld asvihnnsudadeya
eanlay 2 diu Mnlnunagaveslasasaiull
138771 root node WALYINNITNEINTAIAFILUTAINAE
f»hLaf?iwmé’hLLUsmuﬁaeﬂu‘Ewumﬁu T RRRETRIN
4838310 root node AudtluAUUAA 138N Leaf
node auniazlddeulsfitvun Wy audnves
Tassadedulsflaiiu 10 $u viesuudeyaluusas

nauiuseenudisuutusi 5 Ardana (7] Tnesivdn
nsluntsnennsal fail

1) wondlsdase X un 1 duds lneden
NS X, ¥ residual sum of squares (RSS)
tlouigaamimsGesddutoya

2) wigauuadoya (split point) Mdululs
favua ndeya n Ardang

3) dwfumsuusdeyausazuuuiidululs
n1sAuAT residual sum of squares (RSS) lne
fvusliienennsal ferindevesiiuusny v ngly

TAUAUDIAILD

W 2
RSS = Y Y (YY)

w=1 ieR

R, fio usasnquuesindunaiignuuseenunduvisvun w nau

P o

Y. A9 fdseny

1

7 o
YR

W

Ao AUszanaluusazng

a) \Fongaustoyadilian RSS Tesflan way
ahadoulvangautsteyalulaseadresils

5) wiyeuUseyavesiulsdass x, Mwde
aunsu (ude 1. - 4) WeAuganisutsdeyaude

soUf 2

ruusleyn
Uil 1

U AMUIUNIRINA

SRR
! ]

TadevawwUnulungut 9

WYINTUAUTNN Y INANRAEVRIRIUTN Y
melu Ivuavesiates dmsulnuandaunsauustoya
Igivio zuUssialUauladeulaniivun

X1 < yauusdoyasaui 1

X2<

v P~
yaudstayasoud 2
Anads ¥ Tu R,

Anade ¥ Tu Ry
| Leaf node |

Auade Y Tu R,
| Leaf node |

AN 3 nannsveanIsnensaimematiadulidnaula nsallishulsdasy X 2 fuds
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'
ada v

FNWOT ALINLABIILN5aTU (Suppost Vector [8] 1 Tuisisnulasnannisdnnesannnesuusdu Ing
Regression : SVR) THaunislawesinau (hyperplane) Wuaunisiildlu

Fnesannnesiinsati (Suppost Vector mswennsalmiduausiuau tneflaunisanaesves
Regression : SVR) thiaualae Corinna waz Viadimir  SVR [9] iusieil

Y = <W,X>+b
W B LNMBSUNTNYSDANNTUYBLAUNAN DY
b A AmuAaaeEau (bias)

¢

X fe Lnwestayaundn (Input data) wnusdiedydanvel (xl,,._,xn)Tmumwhﬁ'U n; x eR';
i=12,...,n
o d' ~ . A o =1 a v

nann1slun1sM hyperplane nwnzaunga  (boundary line) NNMUATU IuMWawqwgﬂzwawaﬂmM
dmiunguuesdeya lunstlvesdnnesaniniau em  Yeyanivunegately boundary line wazasg
° I v Y] s s i v v =1
FURUIVDIVDYANLUUTNNDINLINADS (support vector)  hyperplane mmmuﬂqwuaag‘amu [10]
Fazdudeyalusumiafiognean hyperplane 110

a o 1

9an LLazmmevﬁ”qﬂéwaﬁ]saguuLé’uLLﬂﬁisamULW

3
Boundary line

Hyperplane

Support Vector 7
Boundary line

Support Vector

Margin' ’
4

A7 4 137 hyperplane Mwingauiigaadnsuldunungudeya

0 o = la v Y v ¢ o A o o v & Y £ ' 1%
dwsunsallymuuuli@adursdeddilinty  space) iiednsuleutoyalasiuliazninsanisasie
wasiua yinsdsing (mapping) dauatind (input  hyperplane dwsuldunungudeyalseeamneiign

' v
a a

data) TfiffmuunYuluUTgianvazeiu (feature  uaziielianunsaldiSnsuuudadulalud3gii
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Kernel Function

T VA

Input Feature

i 5 mydshudeyadunalviilifiiusnduludsgiidnvusiau

Handuaasiuanfenld wanisan1snan 2 Falunuddedlanendueeswaniouldlunisasadinuu

Fnnasannmadsinsadu Ae radial basic function

a15199 2 Hlardumesivasingg [11]
yinavaslanduinasiua k(x,x,)
Radial basis function exp(—7|| x = x| 2) ,7>0
Polynomial (( T ) d
XX, +77)
Sigmoidal
sme! tanh(;/(xT-xi)H]) ,7>0
Linear xT x
i

Aatiuauns hyperplane anansaeuldlugluvunisanneglidadu Ingldilaidunesiualaaunis

Aatl

n

?=Z(ai-af)k(xi,xj)+b

i=1
el X; Ao Lnwesteyatidn (input data)

X; Ao wwasaranmes (support vector)
y =] o ¢ .. o v o =l ' ¢
4,4, Ao fMAuAINTILA (lagrange multipliers) lneivualiaifmanaInsuddannnningud uag

aunsamalaglituneuisnislusinsunasaes (quadratic programming)

A5Asiun1sIY wauglunstinsewalnidn 2) wWearruanseualnia

1. msanelandifesn1si (business understan ding)  aghailluszuu 3) iipanszeviallunsinanuresicing
NURpIRelvhnsfnwnsasduuuiield  Tunisivuseinssualndi 4) Weanszeziailunis
anlunszuIuNsYUAIEnsELalni

ne1nsaiansewatn 19 luan1uaisazarely
nszUIUMITUNDLAIIEnsELalniie 1) iuay
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2. msnudieyaillluauide (data understanding)

Toyaiildlusuideiduyaniogd
(secondary data) Fegndniiuluguuuulud POF £33e
Iuvasoyaleglugunissteya Tnedaiiulily
TUsunsy Microsoft Excel Lilalvagninsionisuily
Wp1zvin1eedd lnsuvnlu 2 gadeya auuszuan
wdoadnsilldyunoaunsdeil

1) Yoya line gate type §1u3u 1,982 Yaya

2) oya line VCP d1uu 364 Toya

3. mim‘%au%’aa&a (data preparation)
{Adelednnsudeyaiiu (raw data) Alé3y
wnoulvaniingudeyalasiiduneudsil
3.1 nMsfaiandaya (data selection)
Fodeniadeditinaneninseualuiiildly
N3EUIUNTT electrolytic copper plating laga1san
Nnmqud ("rihsued) wavasuanudeyaanimingdi
ﬁmﬁﬂﬁ@uaﬂismumi electrolytic copper plating
duu 16 Jade leun
1) nandldyu @efuds time)
2) 1p3eadng @esauds (1)
3) Aunine @odauds width)
4) puen (Fesauus lencth)
5) Anunumenadlugndagy (Fofuvs
hole.con.min)
6) ANUNUIMBIULAIYBITENTULHLY
.
8
9) Wuiifigesniary @osaus area)

ALV mIUAslugafen1gn

)
)
) mwwmmaumﬂugﬁwqﬂ
)

10) nsld dummy (Fudn dummy Fildunly
Tunszuiumsyuvewuas laediandu 0 =
13/l dummy, 1= Tdnisdng, 2 <ldaasdneg
fmuadesauls d1 way d2)

11) NMSLAIBURT superbond

12) n19911 surfacefinish

13) 9

14) YNAdUa181993 (Fefuus linewidth)
3

o

ULHUUDIA (FosauUs pnls)

15) svevaduatensas @eduls spacing)

16) AuVNYBIUDsA (Feasuus board.thk)
3.2 msné’un%‘ae%’aga (data preprocessing)

ndunsestoyalnsaudoyadrdou uiludoys
fiiawain 19y Teyaiiinguuuy Teya outlier 9
wlanuenainandureudisnn wagluAtaAg MY
(missing) Ingunuiishemingayiian st

1) aamnuvumesuadlug (spec copper
thickness in hole) LLﬂaL’ﬂummmmmmmLLmﬂiugﬁ?ﬂqm
(min) mmmwmmmu,miugl,a?iwi'ﬁ?jﬂ (min average)
AAuvumeadlugideuvigunsel (pressfit) wage
mmmmaumﬂugwﬁamﬁ;u (control after plating)
%ﬂuwaazmuﬁmuﬂﬂ'mL‘Uﬂmm‘mmmaqLmﬂ,ug
WANANAY U1991UB1AMIATUNNAT YFTDUIIIUDNA
fﬁ’mumﬁmmﬁwqm (min) sAae Tunsalfnanay
Vlen 3 Arfide %Lﬁwﬁayjaqﬁymﬁu Jedoading
fuuaalndiiedusfunuaanLI N WA
Tug Tnofinasi famsnad 3 uaslddd ifelse Tu
Tusunsu R iledanistoyagame dnmil 6 da
Fausdi 5, 6, 7 uax 8 azwdeLiios 1 fuds Ao fauus

hole.con.min
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M13199 3 LnausimsimuaaaUaAvLIBILAtlug

- - a 138 Superbond 138l Ssuperbond
a1fiun1siaen spec AMUNUINBIUASTU] - , - ,

Superbond 4 Surfacefinish 4 Surfacefinish
1. AuvneaaluIaInISyu
(control after plating)
2. AU mesasdmsusTlids uY
gunsn (Pressfit) YU Tin +3 910f1

6 *
3. AUrUIMUAslugadeign 5 Spec )
(Min average) fspec* YUDLDU LU
, gold +2 91nA" spec*

4. ANUNUIVDIUASLUIANER (Min)

WuBWe - A7 spec nedsAmneiay 14 Tupsed 3 Benldifisemidn Sraufmundimuuineuadlugndsyuan
aeldenilfiorn spec
- tenladlsmunmanumumeundusudsyuanlst sgldranumumesunsdmsugiléideugunsel
- ranilallgsmunsrmnumvewadugdgu wazamnumveuasdmusiildidsugunsal axlde
Ay mouaslugRdenian
- thandlalldimunmanumumesundlugvdagy Anurumensdmiusildideugunsal uazeranumin

newundlugadesign arldmanunumeunadugian

plus<-ifelse(superbond==5,plus<-5,plus<-surface. finish)
hole.minA<-ifelse(is.naChole.minA) ,hole.min,hole.minA)
pressfit<-ifelse(is.na(pressfit),hole.minA,pressfit)
hole.con.min<-ifelse(is.naChole.con.min),pressfit+plus, hole.con.mi

ai 6 Adansimuamaaauulug (spec) lnglusunsu R

2) yunaduany (linewidth) wagszopvinady  anansoiavuiald Sssonihmsimunaln Jeiimue
ann993 (spacing) indeyagame osmnmuseudu  Tiivinfuaeainvesanunine 1ds if-else Tu
laiflanga993 videfnanusoutufivuinduatonss  Wsunsu R dedanistoyagyme danmd 7
wayszuriaduateasinuninann 9 Jevialala

Tinewidth<-ifelse(is.na(linewidth) ,width*2, linewidth)
spacing<-ifelse(is.na(spacing) ,width*2,spacing)

AN 7 AFINIAMUAAITAELA1E9TT Uaysrazvinaduaneasiggmelagldlusunsy R

3.3 MsutasgUuuuvastoya (data transformation)  lédAnduwnuiertosazdesnmsuanduiulsu
mswsuteyalriegluguuuuiinfomhluly e luiiesgn

Tunsiiases fail 3.3.2 Auasudsiidmasensifiudinssua
3.3.1 doyadenuambiawnsaiadieenn  Tdh uenwdeansuusiiinsdmdenan leun
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3.3.2.1. anseuabiliiann Faraday’s Law Ineddeuniselianzauiudeyauindi (Fesauds formula)

A13150AUIN bAAINENNIS

Copper Thickness In Hole x42.23

Formula =

Timex0.85

1ne#i A1 Copper Thickness In Hole A A3unUIMaUAslugnasyu (hole.con.min) uag

Time fie Lia17ldyu (time)

3.3.2.2. 9RF1AIUVDINUNNADINTLANAIUNUINDILAIR BN UNUDIATIINUA (FBALUS ratio) TIAIUIN

@anaunis

Copper Plating Area

Ratio =

Total PNLS Area

lae?l A1 Copper Plating Area Aia NWNTIABIN1SYU (area) wae

A1 Total PNLS Area A1U384910

Width x Length

Total PNLS Area =

144

Taefl Width Aenuning (Fuus width) uae Length Aaaauem (Fauus length)

333 mﬁmgﬂuuu%;&a N1SANNUANTLLE
Tiagimuansrualnfiendumin A uag B (Wiay
Heveswsuueda) esnusazuiniiangisasunnseiy
Yilsisus Muifidesnsifiuauvumesas suin
WEUAIE99T LATITYETNUEUAI89TT VDIUAAE NN
uansiney druiulsmaeimwinfuienh A was B
Jevhmaiudeyalvllaefiuuenszninmiin A uaz B
Vibilu 1 Part Number Wiudayalsidu 2 um

3.4 nsudstoya

wiedestunisiin overfitting PRI RIIN
Foyalags split test Fudumsudstoyaseniiu 2 du
Ao Yayarndeu (training dataset) 91uU 80% ¥4
Foyaravun Mlumsadalung uasdeyanasou (test
dataset) $1uan 20% vestoyavimun 1Hlunsmagen
Uszandnmvedluna Tagldrds sample.split
yaufiAng ‘caTools’ TulUsunsuniwn R 9aelu
nsUszanang

4. N38519UUUT1809 (modeling)

;ﬁﬁslﬁﬁﬂmﬁaLLUULﬁawmmfﬁﬁmwua
11/\|1N’Imsiﬂuﬂ58u1uﬂ’]§‘qm/la&LLNG%‘EJH%LL?“,WW’I e
AWmsnensal 3 Blaun BnsIATILinsanaeelda
unyau sdulinsdadulawuuiinsatu uayls
FrnesanmaIINTaTy

5. nsUsziiung (evaluation)

WibuleuUseansamuesianuua 3§
wuu Tagfinnsananmarurainedouidaonads
(Mean Square Error : MSE) uagAduysaivesdasidud
mmmwmamﬂ%u (Mean Absolute Percent Error :
MAPE) Lﬁamé’]’aLLUUﬂNmﬂiaiﬁLmusj’wﬁqm

6. Urfianuunlgeu (deployment)
091 APl melusunsuntwn R wisuadens
T
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NAN15IY

1. MSE3UUUIIRDY
Slemawdsudoyaaiauysaitunouiaunfe

ashuuuiionsnsaimnssualnih Jwsvihmsadesh

wuuiitewsnsaidnszualuliihildlunszuiunisyu

NoaAsmenseudlnihme IS nsnensel 3 WA oS

AATIEn1sanneududunyan (multiple linear

regression) WaIBENNOSANINABTINTATY (support
vector regression)
1.1 A7uuU multiple linear regression

a519LuU muitiple linear regression lng/ldy
Pt Im() Tulusinsunen R fMvuaiuusnsmonssua
Inl#h (current density) wawsuUsTivdevommdusauds

a v 2 o &
RGN iﬂammiamaamumu

regression) Jordliinsandulanuuiingadii (decision tree

1.1.1 Line gate type

current = 17.742 + 0.642 |1 - 0.066 time — 0.090 width - 0.132 length + 1.323 area

+ 0.361 hole.con.min - 0.095 d1 - 0.254 d2 + 0.037 pnls - 6.626 ratio + 0.173 formula
+ 1.081 board.thk + 0.007 linewidth — 0.018 spacing

1.1.2 Line VCP

current = 30.058 - 0.170 (1 + 0.049 time — 0.556 width — 0.372 length + 3.398 area

- 0.408 hole.con.min — 0.632 pnls — 18.033 ratio + 1.415 formula + 24.983 board.thk
- 0.003 linewidth - 0.012 spacing

BB A o i A B A O i A A A O i Y

regressorl =

reqress 10N HEFSH R E NG5 88N
g 55 I

.,data = training_set)

multiple linear
Im(formula = training_seticurrent

ANA 8 AEINTASIELUY multiple linear regression Tagldlusunss R
1.1.3 foauufigrunesiumsiasieinisanney 2) msnsaEeUmAULUsUTILLazAILTY
Baunman Saszvesrmnamnndou lonadnsinmil 10 asiuldinem

1) A1ATIFBUNITHINBAUNAVDIAIANL  ANUWUSUTIUVBIANANUARIALARDULAIAIT LATAN

ARIALARDU IPRAANSAININT 9 NUMNTMTALSTMNIE  Anuraandeutiudaseiu

Hudunss agilimearnueaamioudimswaniasuuung

Normal Q-Q Plot Normal Q-Q Plot

sample Quantiles
sample Quantiles

2.0 Chad 15
) -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
Theoretical Quantiles Theoretical Quantiles

(n) Line gate type () Line VCP
A7 9 Normal quantile-quantile plot ¥84 regression standardized residual ¥asAmensainszualvitves line gate

type uaz line VCP laglddeyatindeu (training dataset)
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3 Chart 3 Residuals Chart
2 N 2 . .
s LY “ . ° ".'-
PRI . HERA Y
51 0 Y o 5 1 " % s . o
3 RS E SRR
g o g © * . .
S oA - A S\ \
b=} '.\ E] " . . L
: . ) :
2 E
A Y . .
s, ° . \ . _'-‘. _-.
2 . 2 ° .
-3 -3
—4 -3 -2 -1 o 1 2 -3.0 -2.5 -2.0 -15 -L0 =05 0.0 0.5 1.0 15
Fitted Value Fitted Value
(n) Line gate type (v) Line VCP

AN 10 uERIANFLTUSTE I NAIANARIALARDULAT AN INSAlIBINTEUELNTNUB line gate type Wag line VCP
Inglidayatinaeu (training dataset)

1.2 fiauuU decision tree regression Aonszualnil waziuusimaodusulsdass wag
#57199UUU decision tree regression lagld  fnuaamnsiwesiual default
Herdu rpart( ) Tuwiietna®ie ‘rpart” MuuadLUsaw

................... decision tree regression#
install.packages('rpart’)
Tibrary(rpart)
regressor2 = rpart(formula = training_seticurrent ~ .,
data = training_set,
control = rpart.control(minsplit = 1))

2N 11 AFIN158519ILUU decision tree regression Tagldlusunsy R

1.3 fiaLUU support vector regression A type i ‘eps-regression” dwsuiiulnud
a$19fuuU support vector regression lag  1us1uuseifies wazdivuad s dmesiduan

Ty svm() Tudiainade ‘€107 dwuafuls  default

aufe nszudliih wazduusiivdeduiuusdasy

install.packages( el071")

Tibrary(el071)

regressor3 = svm(formula = training_setScurrent ~.,
data = training_set,
type "eps-regression’)

AT 12 AFIN1TET LU support vector regression Tagldlusunsu R

2. m3nSguiisus MSE uag MAPE vector regression HA1A1AN 90IAINIAD AIUUU
nmsnensalanszualinuesis 3 @ multiple linear regression wagfluu decision tree
wuu Tu line gate type uay line VCP lANadWsie @151 regression MLaAU

71 4 way 5 Wuie MSE wae MAPE 1036aUUU support
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A91991 4 AIANABIALARDUTDINI 3 AUUBY line gate type

Line gate type MSE MAPE
Multiple linear regression 2.2035 6.5025
Decision tree regression 8.0874 12.9842
Support vector regression 1.6259 5.1991
a9197t 5 mmmﬂmmmﬁlau‘umﬁgﬂ 3 fWUUVD4 line VCP
Line gate type MSE MAPE
Multiple linear regression 8.2880 10.2141
Decision tree regression 33.8127 26.1111
Support vector regression 5.5466 7.8465

aAUsBuaasUNan1sIY
INNITANWINITAS 19HILUULHENYINT D
Ansehabni1nluas1uansazanslunszuiunns
electrolytic copper plating ¥93USE¥NNAATY
dudlaalnstinds lneiusiusindeyanisimunnszua
I Foundadaummauuns Il 2561 Dawiauiugeuy
2562 5y5v8EIan 21 ey eglgluswnsy Microsoft
Excel Tumsdaiudaya vinnsadesfuuunisnennsel
Ao ° o A ) . .
NANFAFINITULATDIANT line gate type wag line VCP
IngldmsSeuiveanios ANsanTsnuanseiu 3 35
oA Brsaeiuuunisannesidadunvam (Multiple
Linear Regression) 35n1sassmnuuauliinisinaula
= 1) .. . anl v
LUUILNIEYU (Decision Tree Regression) Wagion15d39
FALUUTNNEIALINLADTILNTATY (Support Vector
Regression)
a ' .
NNANTTNAABIMUAITIN 4 wag 5 WU line
gate type Muvudnwnesannmessinsatuluiuuy
nlinnuranndounian fe A1 MSE = 1.6259 way
A1 MAPE = 5.1991 5998911R8FLUUNS0ANDULTLEY
NAQU (MSE = 2.2035, MAPE = 6.5025) Lagfaluu
guldinsinaulawuusingady (MSE = 8.0874, MAPE
= 12.9842) muawu @ line VCP frukuudnness
et o & W i ¥ a o o
nnweiTinsatuduiuuunlinnuaanndiouman

A A1 MSE = 5.5466 WazA1 MAPE = 7.8465 5098931
AafkuuN1TanneeludunyAn (MSE = 8.2880,
MAPE = 10.2141) waz@lnuuauldnisandulawuu
3LnTaTU (MSE = 33.8127, MAPE = 26.1111) Muanau
FrluaAseliuuudnmeiannnesainsatuiady
fuvuiifianuusiugunniigalunisnensaiinszua
TWihueua3esdng line cate type wax line VCP Rt
Sdduuuidnsinlusunsunies R tilewennsaian
nszudlnilvituusem Inglusunsuanunsaseuslame
AULD W%fauﬁmv‘iﬁ'amsL%'auiiugmwmaﬂmiﬁjﬁami
Telusunsy

YeNINTINANSST 4 way 5 audiuldan
HaMTIATIERvLASeIs NI ERIUSILANTLdENAEDS
AUAD AILUUTNNOIALINABSINTATULALFILUUATS
anneuiBudunyauiuszanianlndifes Ineduuy
mimaaaL‘TmLﬁuwn@mﬁmz%w%mwﬁmdﬂLﬁﬂﬁaaﬁy’ﬂﬁ
anadunseiuuunsanaesdadunaaindem
Amzhmdunsadany (multicollinearity) Liesainlu
%umaumaamsm’%w%a;ﬂa fnsthadandsdassuesa
wlglunsmuiuAvessands formula wag ratio vinls
Anensainanedounauduade dmsueide
adwiolumsiimsAnuuazuidamiludesd
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Development of sparkling pineapple juice mixed
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flFmungrstuain $1uu 3 gas wesvhmadadengrsfiinissexunnmmaaeumalssamduiauniian
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Abstract

The objective of this research is to develop sparkling pineapple juice mixed red corn silk extract
beverage and to study the shelf-life. The shelf-life of sparkling pineapple drinks was evaluated by using
chemical and microbiological parameters, antioxidant activity, anthocyanin content, amount of yeast,
mold and coliform bacteria including sensory evaluation. The development of this product was determined
3 formulas and selected the formulas that are accepted by the most sensory tests. The product was
preserved 2 weeks at 4°C. The results showed that the selected formula was a formula that combines
the pineapple juice with red corn silk extract with a ratio of 70:30. The sparkling pineapple drink products
can be stored at 4°C for at least 2 weeks. Total bacteria number was according to the community product
standard criteria (126/2546). The number of yeasts mold and coliform bacteria were not found. In addition,
the product with a shelf life of 2 weeks had antioxidant activity and anthocyanin content to 40.67+0.84%
and 1,141.09+0.1 pg/250 ml samples, respectively. Including, the overall inclination towards the product

from day 0 (8.33+ 0.57) to the 14" day (7.67+0.57) showed not significantly different (p>0.05).

Keywords: Red corn silk, Antioxidant activity, Anthocyanin

unin

Usaindlvedulsemamnuasnssuiififionssa
vianewiin TudwaliFeiiulsemunaealunndsein
funLgan1a ‘Lumﬁwamwa"l,ﬁl,ﬂuﬂ'ﬁﬂqﬂLﬁamiﬁﬂﬁq
TugUuuunaan n1suUsguuaznIsadenn nuualti
H1unmudn waldgnudneenulunnazggniaidu
TNUNLAZIAANIZNTAURAR daNalinaldiisinn
AN waginuasnsviany dulrsadunalivianied
19’1’%%maﬂﬁwumﬂmwﬁuﬁumzﬁ%‘miLLUigﬂé’Uﬂxﬁm
Tusgdugamueisnsivennuans daunilalaingain
InwRsvINBIAANNluNTAUN waziiunaAilviiy
wdndfmel Kadunisiauindnsusilasnisulsgy
Fuuzsadunumanislunsudledamdanan

Tnudalwaduayulnsiignihunldluane
Usewa Lgu Ju 93 owin wagdiuaa fussinuay
Aonduisndu iwu Mo 0.05 Wosidud) Tnunadeu
(15 Wesidus) 1wan (0.0082 Wasidus) dinzd (0.016
wWoslius) maslsn (0.25 Wesldud) Infiu & wa uagd
[1,2] 171'2%’1é’mﬂmsﬁwﬂwmL‘T;mea'qsuaqmiéfma%aaaiz

Tunguansindfluea Waliwews wasuaulnlyeniiu lay
winglnudnilnedunsdansweulnleeiululiuiaes
3] Faansuerulnlogdufivsslovinianisunng vae
duaiunisiiuvendadentas YIEAIUANTEAU
thaalufthemu Taerreemaiinluiugasuly
vaoniden teasloniamainussuarduduiosen
Pauasulisaniesod uidelsanazauiuua
wdugidudulusemeliity annmsdeduniady
Tsavila Wiwauanansalunsueaiiu vraoanden
Y93 UazrrasAudesvesad [Wud (4, 5)
nuATefuandnmsinuuiinaueulnlseduitome
Tudurs 9 vesimnadmiendiig (Zea mays
amylacea) laun wan 49 lnu waendiuiln uazansiu
wu ludumedlvufiviinaueulvlesduiomaggn
(28.62 findnsuste 100 niu thutinan) (6] Tuuswinalve
sl nlweuldusslovitosunn wandusii
ansanulaluviowann laud wluudnilne walila
Funuien desalilnudnlnadutanmieiionenis
e
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Yagtulaiesduiieguaindnisuenesa
mMamsmaaLinduetereiies Tnglutag 5 Ykuan
fiSnsvenefadedevas 5.9 fol 35lud 2560 nanm
mmﬁu,axLﬂ%‘laaﬁmﬁaqﬁumwﬁgam 86,700 81UV
(7] wavdundndasintinnudesnsdoandy 1 lu 5
YDA [8] frurdpshuisnandadutes
AuUszianadanmanduiiyarsnniigaiunain Tne
Tl 2562 Hyan 56,000 &MU walwdl 2555-2560
audosnsuslnathsnaululnedfienisanas sauds
msveneialul 2562-2564 fuunliiund (0-2 Wesidud)
ahwﬁaLﬂumammsmaqﬁumw LaZEIULUININTT
panvenAsesRuiliFuTansusiun LaziA3aany
atnsanas [9] funanathualsivedlnglud 2561 fyae
12,300 214U sﬁqﬁgamamaqmnﬂﬁmum Yaduiidl
nasonantmalivedine Idun wuwesvestuilaa
mantshaaldififiulszaunsalfiudusug asmuan
14819115 ANARADFUAINLATAIINIY wenani

v

Fuslaalitmnudnyiudunaniiogluiadesia [10]

ndeyadananuansliifiuiadesi
Usslanadinwaniudsnaduiidesnisgvoman
sufenginssuguilaalutagtulalaguainuniu
fAdedsdunfnianniniesiufiannsnainsaaniy
wiouiilidstlonisogunmvasfuilng uenani
\unsihlmdnnededaudmisen uwiduiagmie
fannmsinvasnldlfiAnusslond uasdionszane
Audmnaninineasiiunswssy fadunuddeid

TrguszasAlunsiauIndniueinsesny Wdudssn

aursanashiivsunauneulnleeiuuazgns
daszanluudnlnadung

A NTUNISIY
1. mswdpuinduusaaurianawauansatnainly
Flnadung

Whdudzsaiuglnnide (Ananas comosus L.)
agnuUaniUden wngen vufutu wazihiduedes
afALennIn Nt AU RLEYIUS Y
Fuuzanilldismunundiuiignmgd 80 ssmizaidea 1y
S¥egian 10 Ul mﬂﬁfu%’aehumammqmu,awﬁms
wanduUsznoudifuthdulssaivdenlilnsnsgu
Tdunauazany wuansatninlnudalne fua (Zea
mays L. @1efugugn Siam Ruby Queen) (193831310
msthlvsdnlnemeuuieiigumad 60 ssrniwaldea
Wwaan 24 $alus wvinisadalaeldsnsidau
Tudnalne 1 ndu siovh 50 Sadans Maudoulunis
Fuflgamgil 80 eamwaldea Wuszeznan 10 Wfl
idensunanthunsosiinuu) dautlenniisly
%umuqmﬁwdaumimiﬁ;mm mﬂifuﬁwmimsqaa
vaudden thidulssaaursanawaansann
TnudnTwadunsiiiiunisussguanldmaiaelsdd
a9l 80 asmwadea Jusvesiian 5wl dloasu
svpzaiiinuailuifivinuifigungd 4 eemn
wadea InowsoudulzseaUninnawanansainon
Tnudrilng dunadu 3 ans (M157991 1)
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M157997 1 ansiidudesnaursandmanasainantuudilnadundudasdi 4:6, 3.7 uay 2:8

, gnsi 1 gnsi 2 gnsi 3

FrauHa 4:6 3:7 2:8
gsanaan i lnednns (Usunnsneusunms) 400 300 200
Yhdutzsaruan (UuasioUsuns) 600 700 800
dhmansne (h3usedns) 160 160 160
NIAFAIN (NSUMBENT) 3 3 3
1nde (NSusedns) 6 6 6
Yl (Usunnssed3unns) 150 150 150
dhiisausamsueulnoonles (lunn) 850 850 850

(Usunseadsungs)

1 gasundudesa [11] wazUSnanhndaufanisuaulaeenled [12]

nuewg: demAnsidndn didudesause lunuddeininets dhdudgsanrunisnausigdunaulinnegieeniuens

annanlrudlnadung

2. N1SANEIANBATNIINI8AINYB LN FUUZSA
aUrsanasuauansatnan g nadua
Funndnwazilesdudud nau waznns
AnAzneuTeINAnfe uazththdulyse aursanas
wavansatnanlyudinndunsitléa 3 gns adnw
Usinamwesudefiavaneldianuninlngldindes hand
refractometer A1ANUTUNTA-Ae LazUSuIunTe
favun (total acidity) Yaluguvesnsndainseisnis
Tawmsnmeladeulonsenlan anududu 0.1 luans [13]

3. msnidengnsthdulzanaursanfaauansarin
g nadunsiivanzay
nsnaaesildiinisdnyignivesi
duvganaUninndwanasatnainluudnlnaduns
$1uu 3 gns ievngasiivngan anduiedesiu
#a 3 gos TUnnaeunsszamduiaiilodnidongnsii
fiffuslaneeuiumniign Inenaaeuamey (9 Point
hedonic rating scales) l¥nguidvsnegmaaau $1uau

41 au winthuafilaliwgvdeyaniatiauSeuiiey
AULANA19TRsAaalaeld35 Duncan’ s new
multiple range test AszAuANLLTRIUL 95 Wasidus

4. MSANYIDIENISNUIN VD INAAAUTLATDIANUN
duusesaaunsanfanauansannantuud lnadung
ﬁﬂmmqmilﬁu‘{ﬂmmamﬁmsﬁﬁﬁé’uﬂsim
aUN5ANAINTAIUNANVDIANTANA bANU I LNAF LA
a a a < [y} I3
NguuNl 4 osAnwalyed L Uuszetian 2 dUan
Tneiudaegramn 3 Ju Tuduavidl 1 weznn 2 Ju lu
o ¢ o W | P ' ]
#UA1v9 2 dndleg1eiinula ks arASIuINagey
Ansgiengnsiivinveniugdunid il uay
Uszanndueia

a ¢

4.1 MIATINDIENIAUTIBINATUYAUNTE

ndndaueiindulzsnalisanaanidaiunay
Yo sann bl nedunalungvaaunuuinggu

HAnSuITU-NAUUE SR (UKY.126/2557) A 31U

o
& U

AUNIENIIUA AT BAM (2001) [14] Ipaviesu Inels
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Most Probable Number BAM (2002) [15] 8a@duaysn
#7135 BAM (2001) [14]
4.2 N5RATIZNDILNTNUININ1ATLLAT
nMAdeUAVERNUaYYASASY
YrghegrnindulrsaaUnsanaaiduna
gosarsataluudInedunsunnaaugnisu
aUyABATEAYTS DPPH radical scavenging [16, 17]
Y08 1901139919 100 win Tegldrindy smei

d1798a180199§1U DPPH (2,2-diphenyl-1-picryl-
hydrazyl) weufinnududusiiiu 0.02 fadnduse
fadans Tuunuea sinmsnegeulnen1sthuadsiogs
USuns 0.75 fadans laasluansazare DPPH USuns
15 fadans naulidriugie vortex Al 15 Wil
Tuiitin ﬁﬂﬂi’mﬁhﬂ'ﬁ@mﬂﬁuumﬁ 517 wluwns vudu
§119U 3 91 theRlEuALINM % inhibition B9 %
inhibition anansauanildnmaunses

Asi7 Control - Ag;; Sample

% inhibition = (

) x 100

As;; Control

N3R5 ATITRUSI LN vty
nsiasgiUsunaneulnleeidulusiiedig
#1833 pH differential method [17] Buaina3en
ansazareUnies pH 1 (KCL-HCL buffer) waz pH 4.5
(CH,COONa-HCL) IntudiUadasazaiefiogna
Ysums 300 lulasans asluansazany pH Uviiwes

Usunns 2.7 Tadans manlmdniu wasdialsidunan 10
U7 mﬂﬁ?uﬂwiﬁmmﬂﬁgmﬂﬁmmﬁmmmmﬁlu 510
waz 700 uluwns wazthAnsgandunasdiledan
funamUsinaueulnlyerduiamn (TA) Tnefuaa
FIENNT

mg A x My, x DF x 1000
TA (—) = (

L

Togfimaanaunas (A) = (A — A
Y 510 700

M, = saluanavesoulnleeniiu
DF = Dilution factor

| = path length %30 538N INLAIIUGIIIN

)
(ExD)

)pH1.0- (A -A )pH45

510

€ =luasuaureiniif (molar absorptivity) Inevludnlda1ves cyanidin-3-glucoside &silAyiniu

26,900 L Mol™ cm™

4.3 MyAAnzingmsinuinemeinulssamaues
naaausuUsramdulalagfiansunaing
nAw 5AMA A mdFnudendunazaureulag
smvewmaniag lngldimaaeu s 3 eu Jady
yanafeiuveaaunaeneemsiusnw veaauns
YaUSUMEIS 9 Point hedonic rating scales ﬁ]’m‘lfu
vwaildluTinsgianuunndnamisedi

5. MsAATIzvidaya
Anszsinnuiianelavesiuslaaiiddenan

fuefadeshuindulzsnalisandemauansarde

Trdnlneduadaglirieds ) andeauunnsgiu

o
v

(5.0.) wlanarnadelngldinasinzuuy [18] sl
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8.20 - 9.00 Mnefs YouNTiA

7.30 — 8.19 e YaUNIN

6.40 — 7.29 WD auUIuNaa

5.50 — 6.39 e YoULANLBY

4.60 - 5.49 vanefs venlilainveunseliveu

3.70 - 4.59 nuneds ldvouidnies

2.80 - 3.69 wdnene lveuuiunaia

2.90 - 2.79 widnes lveuunn

1.00 - 1.89 vnefis livousnnitgn

Wisuieugriiueyyadass Usinaueuln

Taendustaviun warAzLUUAILTIaNE AN AOUTL
fildadesnuindulzsnaUnsanawaansanlng
1IN FELAAINITIATIERIIANNLUTUTIUNGLAYD
(One-way ANOVA) LasnndauaiauaniawasAaie
iﬂﬂ@j’lﬂﬂi‘ﬁ' Duncan’s new multiple range test 11U

v o W a

Hed1Agn1sadAnszavu 0.05 [19]

NAN1539Y
1. SNBAININIENINTD AT IRLTIdUULSA
aundanasnauansafnanlyudnlnaduns
Snwarmenen e sndulrsaalnianas
navansanmanluudnlneaunia 3 495 UARaFINN
7 1 lnendnsuailaidnvarla feznouueuiuain
dloduzsadntos fnduneuvesdudssatniay 3
Wuduns Iﬂﬂﬁi%ﬁmﬂ’ﬂuL‘I’J’NSUE]ﬂgLLNLﬁm%umﬂqmi 1
1U8agms 3 nudu fusinamesudeiiazangldionun
Y0IgAT 1 g 2 UWargns 3 wiiu 13, 14 uag 15 U3nd
AIUAIAU ﬁﬁ‘hﬂ’ﬂmﬁuﬂiﬂ—ﬁ’]wmgmi 1gns 2 uay
gns 3 Wiy 3.22+0.06, 3.44+0.02 Uay 3.64+0.03
ANEIAU LLazﬁU%mmﬂimﬁwmmiugﬂmmnam%m%mm
gns 1 gns 2 uazgns 3 Wiy 0.7420.05, 0.61+0.03
uay 0.56+0.01 Wosidud mudeu

A 1 dnvaizieseshnindulssnaliianfsranasainanluudinadunmns 3 gns

2. wansAnwgasindulzanaUnsanAsHaNanS
arnanluudnlnadunsiimanzay
levmhdulr et sandswanansafinainii
Tvadnlneduns S1u0u 3 gas Aanuuanssiunes
Usinaansaftnaintlvsdrilneduns indnidengnsii
wngaulagfiansanannisseniuvesiiuilan wui
Anadou S 41 au lnedumewne S1uau 18 Ay
WaTLNANY WU 23 Au d8185ENIne 17-29 U

fanufinelasothdulrsananansadaluudlna
Aunadnndu 3.7 infige Tnefinnufianelasodnune
vosndnfnridhudnuneiiusng & ndu sand aaue
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Abstract

The study on the diversity of the fresh water macro invertebrates and surface water quality in
rice field that located adjacent to the waste disposal site in Bang Nam Priao district, Chachoengsao
province found that 5 Orders and 15 Families of Arthropoda Phylum of which the Order Ephemeroptera
had the highest number (43.05%). This number of fresh water macro invertebrate families tends to
increase as the distance away from the waste disposal site. The diversity index values of were 1.66, 1.09,
1.49, 1.49, 1.88, 2.06 and 1.96 respectively. In study relationship between the distance from the waste
disposal site and the diversity of macro invertebrates, it was found that there was no statistical relationship
at the 95% confidence level (p-value = 0.057). The Average Score per Taxa was in the range of 4.33-4.80.
This finding revealed the quality of surface water was medium to rather dirty. Considering the physical
and chemical qualities of water as compared to water quality standard for National Environmental
Committee Announcement No. 8 (1994), the type 3 water source is used for agriculture. It was found
that dissolved oxygen was lower than that of the standard water quality, whereas the Biochemical oxygen
demand and ammonia-nitrogen values of were found to exceed the standard water quality, which was

likely due to the contamination of organic substances.

Keywords: Diversity, Macro invertebrates, Surface water quality
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uilvaasgiunud@eglusedunuiiainit i

Winn1sUuilowvesansduvsduavansuanivdigsuy

TANIT1ILAEUM LG9S [3] IINASANYIVBIINEUN
wag 33091 [4] wudiludiu 1 wagautanUgnluiuiu
vy A& I 1% a ° v 5 v
dnnaseglndanunianavvezyanegludiuaiaing
. “ e e X .
gnaiiles Janinfiwailan wunisuuleuvadlaneniin
wa’m%ﬁmLLazmwﬁmﬁU%mmqq WY NISASIINU
- ¥ L ¥ X
wasdlenludnAunnsgiu Mellnisvudouvesans
Uafwueslaausatadeud oarazauludldin
UV IAANSIUA UL YA AINANSENUADEILTIM
a ) ' a v o v a
nordveyluvinnadndidesla [5] n1sfaniunis
a a v & A Y
WaguwUasvespuamdswingenluiiunlndifes
Ao W vaa a ¢
anuiindnveryados wenanldIBNMTInTeinig
a v oa VYV = 1 =
AMenInLazadl 9nsiERvinneiinIw Wi NSANwN
dolifinszgndundmnihfurualng Jaduiiveusy
wazunsviatelunaneUsemeiiasandniuwiugn way
lasen1snsiaaevansuaiiy [6] lnednilufingzqn
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Fundmihpuazannsawdoudilades Sedinaulise
MSENTUNIUIINANINLINGBY FNHNTAUIVBNNANTENY
nansuafivluilalnenss (7] nsAnwinumann
vanevesdnTlifinssgndundmintu ufuaunin
sLum%nﬁé?&aQiﬂﬁamuﬁﬁﬁmamﬂawaaiuéwma
Vs Sminesidans FeasauszdununIn
danedeuluundaled wenanddadinsanewiaang
FuiusvosUSnadansminlufuiussezniadfivinsann
Uailanauvezyarloy Lﬁdﬁi’fiﬁ]wﬁa;ﬂaiumﬁmmiﬂﬁ
Vuideuvesansuafivluiuiil@egamnzay [4] fau
Adedadinguszasiiasiinssinnuduiusvosszes
maﬁﬁwmnamuﬁﬁﬁmwzgaNaaﬁummwmmwma
vosdnilifinsondundamhauvunalng Wedutoya
fanfulsslonilunsinnmsudnveanuasnsesly

SUPHAN BURI

&I dd 1 =
WUNANYIASYINISYSLIRNANTN

WAndunside
1.

nsideadsilidumsdragunmdanadon
TuwimiidiegAnfuanuiifrdavesyadesgumuuuy
LiffuAudorunsiuluiiuiisuneunsiuien fmin
2B AineagAge (latitude) infu 13.922163 way
a9a7gn (longitude) WU 100.944230 anmitufidu
fisuduuunaiuiivszana 9.22 13 fimsugndnund
wuuuwiuthe Tngldihaneaesaussnudundn
fuginvgnidudrdiugivalan 2 Alihdetas
uas forgifiuiieaussuna 120 Ju Frsnanlunsfing
olutaaggpty Taeifushedluszoziitnoandenen
gou luhounsngiau .. 2562

nrau
National Park

PHRA NALJION N
S| AYUTTHAYA
NAKHON w
il E
s HANDK X s TaPhraya
g B a WUNANYY g MNational Park
quuThis 7 ’
J et PRACHIN BURI S {
| |
| ; /
NAKHON NONTHABURI 4 J
PATHOM!, () Sl & SA KAEO R
=4 angkol 2 = 1
NPHAIILAT wm@ﬁmu Rdummme = S
9 @ ! KrongPoi Pet
' [age1) &) Thai Colnten@] h@ Mini Murrah Farm mﬂitﬂmmﬁ
' mh Q@
W 3 ] Mol - =) iﬁ*«
ABURI SAMUT SAKHON. \ 3i7] €lig] g
H

SAMUT,
SONGKHRAM

3 CHON BURI
v

Sampov Lun
Y aninis
Y i
g ZRoﬂenm Daun
Sam Wildlife Bave
\ Sanctuary ukin
A B

A1 1 ANASLUR LAY 81N U1HUSEY T TRRULTNNsI

2. M359UTUTRYA

st muagaLiufegssTeAY 7 90 e
ﬁ;m?'i 1,2,3,4,5, 6 4ay YImaLL@iazﬁ;mﬁuﬁaas}N%ag
mamﬂamuﬁﬁﬁmﬂuawﬂawaaLﬂuizazma 0, 50, 100,

200, 300, 400 Wag 500 AT ANAGU WAZUAAZYA
Fusegaagifiviaiegadnflu fingsgndunds
wiRukazinRafu Tuiiudesha 23 nsngnau 2562
1981 10.00-16.00 .



86 2. 2. INAIU. FOIBEDINAUWSITESE

Un 6 auun 1 unsAu - Tnunau 2563

Bueng|
Samo Ek

O amfiuied

v

A 2 sdumisvesyauiudiegsdnilifinssgndundmihfunaziafu

Banuiegsdnilidinseandundmifu
97198991135 U83 Mustow [8] namde Tdalsmaneauin
450 lulasiuns duiiufegrsdnilisinssgndundsii
ordvognthAuluundniidne S1uau 7 90 wazindnd
fuldadluanananadin Aauenawlulsl uasiueeniiie
Tustauartuiinna ntuldsedadurintien
Wesudu Anudud 4 Wesidud Weifunudedig
AoutfegsluTuunvlinluiesfiinig

dushegraifmdlunddivinensiaen
U 7 90 wagtfmegslviw e iandanianienm
wagiadl laun adudunsnene (pH) gungd
(temperature) N5l (electrical conductivity)
ANYU (turbidity) maulUsewas (transparency)
vosudeazanetn (total dissolved solid) vasuda
WYIUABY (total suspended solids) USuadeaniau
azaneii (Dissolved Oxygen; DO) Ulaf (Biochemical
Oxygen Demand; BOD) &laf (Chemical Oxygen
Demand; COD) wauluile (ammonia nitrogen) luise
(nitrate nitrogen) Wea@lWm (phosphate) @131y
(arsenic) Aol (cadmium) wagaza (lead) s
Ansevideituasgiu 9] uwasdenldiBnisnui
fnualiluuszniannensTuN1sAINE DU TR
atufl 8 (w.a. 2537) [10]

3. MsAATIEvidaya
n1sd1sraviiaiuguazdruaudniliinsegn

durasthAurualvg Az lumAANnIILUY LAz

futlanuvainvaiy (diversity inde?, H) 91435784

1

Shannon-Wiener [11] 3ngns H = -¥ (p ) (In p ) @z
i=1 ! .

fsanauduiusvesszesnaivisananudidida
vzyareiuAuaInatevesdniliinseandunas
nihAuvwalng TegldnsmAanduius Pearson’s
Correlation Analysis iwﬂy’\i 7#A1 Bio Monitoring
Working Party Score (BMWP) lagthdnilaifinszen
dundmihauluisiazgaiufmeg e uunAzLULAIY
Biotic Index of Thailand Freshwater Invertebrates
489 Mustow [8] TauAzwLLTedRfusAayIed sty
Srunudvesdnifinunaranunsalinzuuuldums
ATULTIvOER S sdTiswalddeun Ml
anfunzuuLLage Average Score Per Taxa (ASPT) 3
annsaUIUenAMNTNINAANENER STiwy YenAzuuy
‘s ASPT mLU%‘&JULﬁa‘uﬁ’ummgm@mmwﬁﬂuwda
ihinfiu ﬁﬂﬁmmiaﬂizLﬁuﬂmmwﬁwﬁaﬁumﬁamw
1817 LLazwamiﬁﬁmﬂmmwﬁwmamamwu,asmﬁ%
thusuiisufuamnimdmsnenmiaziediu
mmsz/i‘ﬂmmwﬁﬂuLma'qﬁwﬁaﬁummizmﬂﬂma
AT5UNTAWINGOUUMNR atufl 8 (n.a. 2537) [10]
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NAN15IY
amuﬁﬁﬁmﬁusxyjaﬂaaﬁé]ﬁqaqamﬁum%ﬂﬁ
Anwrvuinuszanu 22 15 Wasudunisuiuds 25 U
vevyarosdnlvgJuverinusuanuvamusulay
UULToU Iﬂﬂﬁﬂ%mm%ﬂ%ﬁﬂﬁﬂiﬁ]ﬂiﬁﬁﬁﬁumﬂﬁ

Useanal Juae 3 A LLﬁ%ﬂ%ﬁJ’]m‘UﬁJ%ﬁﬂaNaﬁJﬁﬂﬁ’m 96 fi

sUluuNIsInnsvesyanesngluaniunidnvey
yaneeduiuumnesifinsaiuay (controlled dump)
[12] fivesesiutideniinvzveryanasy (leachate) #

°

fden IngaudiniuaindrAnyvesiveveryanasain

o

[

Yasasfurndenigluaniuiindnvesyanes uans
AIAIT9N 1

A1919% 1 auviveswrvszyalasnanuiiminveryanes suneu1aiiien daminagilans

W5 0n035

v v a a o 1a
AULINVY (UAANTUADANT)

Biochemical Oxygen Demand (BOD)
Chemical Oxygen Demand (COD)
Ammonia

Nitrate

Phosphate

Arsenic

Cadmium

Lead

13,000
16,960
372.40
25.30
10.20
0.007
0.026
0.013

Han1sd1sIadndlaiinsegndundeniingy &
eazdondiil
1. vliawuguazaunuIwiuvasdndlitinszandu
namtnAY

dnflaifinsepndundminfuidrsanluiiud
Anwndudnilu Phylum Arthropoda Usznausiedni
Tu Class Malacostaca Wa Insecta 531 5 8ugiu (order)
15 23 (family) anuvnuiuvesdnilifinssandunds
wﬁﬁuﬁwﬁluu&iazgmLﬁuéfaazmﬁ 1-7 fAwyiniu 125,
231, 98, 214, 64, 115 uag 117 ARBAITINUAT
auddu Andudnadelassauwindu 137.71 fasle

m3aiuns Inednilursdidrmanumnniian Téun &
Tu Family Baetidae v3afoauuiastuyanidu $1uiu
415 AIRDAITINNUAT §998911 AB Family Corixidae
WIDUIUIU WU 167 Ffon1519Uns wag Family
Chironomidae Wievueusutngauas wuswau 149
fFaonsaLns SebkleRasansIuauaed (families)
vosdnilifinszgndundmihdusualnginuluusaz
AU ALLIIAENNTITIUIA (families)
finamanntuilessermainananuiimdavey
gamaamﬁu S8 BUALANIRIN19T 2
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P Y
Y

M15197 2 F8A ANUTILLY kaEIIIWNA (families) vesdnilifinssndundmthauiinulumndinasegsn
fuanuindnvezaes 8nau1ediUied Jaminasdans

vilndndlifinszgndundendny e

1 2 3 4 5 6 7
Phylum Arthropoda
Class Malacostaca
Order Decapoda
Family Parathelphusidae
Esanthelphusa sp. 0 0 0 1 0 0 0
Family Palaemonidae
Macrobrachium sp. 0 0 0 2 0 0 0
Class Insecta
Order Ephemeroptera
Family Baetidae 33 159 28 126 12 25 32
Order Odonata
Family Coenagrioniidae 0 0 0 5 0 3 0
Family Corduliidae 3 a4 3 6 2 a4 2
Family Libellulidae 18 8 4 11 9 12 17
Family Protoneuridae 17 8 11 18 6 9 5
Order Hemiptera
Family Belostomatidae 0 0 0 2 0 2 4
Family Corixidae 36 25 14 29 15 21 27
Family Dytiscidae 0 0 0 2 0 2 3
Family Gerridae 0 0 0 1 0 3 2
Family Hydrophilidae 1 3 0 2 3 3 3
Family Nepidae 0 0 0 0 0 0 1
Family Notonectidae 0 0 0 0 3 3 2
Order Diptera
Family Chironomidae 17 24 38 9 14 28 19
AYURUILUY (AIADAITINUAT) 125 231 98 214 64 115

F1UUNA (F9F) 7 7 6 13 8 12 12
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dolansanduuduiesazvesdnilud
nszgnaduvaamthauluusiazdusu (order) dwlvgnu
dniludufyu Ephemeroptera %38 NquvedRIgau
FUgvuniian Andufovay 43.05 sesaun Ao

Hemiptera

21.99%

Hemiptera, Odonata, Diptera Wa¢ Decapoda Anu
Soway 21.99, 19.19, 15.46 wag 0.31 AUAINU NANTT
AW anes i 3

Decapoda

0.31%

Ephemeroptera

43.05%

= ° & v 9 1 Y v Y oa A 1% o YY)
AINN 3 QWU?ULUU?@B@%T@Q&@ﬂNNﬂ?%ﬂﬂﬂuwaﬂﬁuqﬂuWWUluu'lsﬂTﬂﬂEJ"\]']LLUﬂGY]@J@uWU (order)

2. anuvainuatevasdndlifinszandundeniinnu
v lngy
NANNSIATITYIARTEANNAIN AN VRIER ]
LifinszgnduvdmiAuvuialngfinuuinagai
Fregnadi 17 fiewvinfu 1.66, 1.09, 1.49, 1.49, 1.88,
2.06 waz 1.96 muadu efiansananuduius
izwdwswzmqﬁmqmﬂamuﬁﬁﬁm%zgawaaﬁu
Anuvanvanevesdniliifinsegndundminfuwuie

' '
aaa @ =

Tug wulddanuunnaeiuneadanszauauLLe
31U 95 Wesidud (p-value = 0.057)

3. aauamiiAafumeTannluundn

HaMsd15adndliliinszgndundamtau lag
nMsfuAzLLresiing s iaRua e
(Bio monitoring working party; BMWP) Iu‘U%L’Jmﬁ;ﬂ
Augheeed 1-7 wuiilauindu 26, 26, 26, 48, 31,
42 uaz 41 uaziilev i AzuLRas (Average
score per taxa, ASPT) uaUSeuiisufiuinasinnnim
1 ASPT wudnnaz L ASPT mammﬁ’uﬁaas}wﬁ 1-7
LAy 4.33, 4.33, 4.33, 4.8, 4.43, 4.67 way 4.56
AU T1EavBenuanIinIeil 3

P v
o

M157197 3 AAzuuy BMWP wag ASPT vesdiilifinssgndundmihauinuluundifidsegiaivaauiindn

Yryaroy SunaUIIUTed Jminasldans

. afiusaage
Aduiniedann

1 2 3 4 5 6 7
BMWP 26 26 26 48 31 42 41
ASPT 4.33 4.33 4.33 4.80 4.43 4a.67 4.56

WaN1501AT ASPT WSeuriig uniuaAz LUy
WwagMINNINTFIUAUAINE LA SUIRIAUYB S
Mustow [8] Yayanansansianansinuiiafuluudn
=1 ’(: U =2 1 £
fnaunmiiluszAuiunaedsrsutisanysn

4. qmmwﬁ'}ﬁ'aﬁumamamwLLazLﬂmum%'nﬁﬁnm

mamﬁmiwﬁ@mmwﬁmwmamwu,axmﬁ
U 16 M3EWes wulefitey 3.44-6.09 gaumngll
30.6-33.4 padngaled An1sutlWin 0.93-5.05
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fadTuusddowufiung Augu 5.34-214 1dudiy
alUsaawoni 2.0-5.5 wudwns Ynameds
avansth 582-4,037.4 faan3usedns vauduviuaoy
22-296 Tadn3usioans sondauaraBun 0.76-2.06

LY

fadnsusieans A10leR 1-5 Jaansusedns A1Tlen

" v
o

38-131 fadnSuredans woulude-lulasiau 1.68-5.60

LY

fadnsusedns lumse-lulasiau 1.19-6.26 Taansy

fofing uazweamailrdosndt 0.1 Tadnusdednsyn

A& o

ANNUFIBEN TIUALLDYALANININITIN 4

q

M13199 4 audinenenmuasiaiivesdiluuddseginiuanunidnvesyades SnnsudLUTe Jamin

2LLTUNT
. . afuFegei ineuat

WIFUMDI nuY . ) 5 . 5 ¢ ; WA
pH - 5.68 4.49 3.84 3.64 3.59 3.44 6.09 5.00-9.00
Temperature 0 32.5 32.8 33.1 30.6 32.7 32.4 33.4 -
Electrical Conductivity (ms/cm)  5.05 4.17 3.26 2.34 1.96 1.45 0.93 -
Turbidity (NTU) 214 139 9.30 83.1 175 81.2 5.34 -
Transparency (cm) 4.50 4.40 5.00 4.60 2.00 4.50 5.50 -
Total Dissolved Solid (mg/L) 4,037 2,785 2,634 1,555 1,317 938 582 -
Total Suspended Solids (mg/L) 296 192 60.0 134 70.0 116 22.0 -
Dissolved Oxygen (mg/L) 1.55 1.78 2.06 0.76 0.55 1.35 1.98 >4.00
Biochemical Oxygen Demand  (mg/L) 3.00 5.00 4.00 5.00 5.00 5.00 1.00 <2.00
Chemical Oxygen Demand (mg/L) 83.0 77.0 83.0 38.0 115 131 70.0 -
Ammonia (mg/L) 1.68 392 3.36 2.24 3.36 4.48 5.60 <0.50
Nitrate (mg/L) 6.26 2.38 2.27 2.26 3.02 2.51 1.19 <5.00
Phosphate (mg/L) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 -
Arsenic (mg/L) 0.002 <0.005 0.006  0.005 <0.005 <0.005 <0.005 <0.01
Cadmium (mg/L) 0.003 0.002 0.002 0.002 <0.001 <0.001 <0.001 <0.005
Lead (mg/L) <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001 <0.05

aAUMELaTaTUNANITIRY
msfinwinnamanvanedn dlifinsegndumas
wﬁﬁﬂuazwﬁL’mmﬁﬁnﬁé‘%agﬂiamﬁ’uamuﬁﬁﬁmﬁuax
gawazflué’ﬂmawfwm%&n Jminazidanst wudnily
Phylum Arthropoda Usznaunie Class Malacostaca
ua Insecta $117u 5 SuU 15 29 Fnuanniignoglu
Family Baetidae %5 fosuulasduzady 1w

415 fhsemsanng Fadudnififmatazsuiaten
ansadneimiuaniazld seaun de Family
Corixidae 3017w $1U9U 167 FsoAITI9uns 39
Junnashiifivmduuusnsaunsaineild waz
Family Chironomidae ienuansuindauns s1uau
149 Fagemaauns (Judaiffuenfisuazdniify
o3 ansnsanuegluthiifieandiautionldd (7] il
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o [ Y a

yinvesdniliiinseandundmihaunnuluudnaed

auuansnaiuluusasitui Tnewuldnsgeunes
wuauarvueuiadng q o1deeglufiuuasiantives
A [13] lngundmagdamudndlidinsegndundamiiu
slefiduusanildvanseiausliuidiviinaesndiou
i Fsdonndestunsineveuasseu [14] fid1579
wuitluunsnafiundniivinaueendauazaien
Tuw (DO) s 3 iadnSusodns Ssnumuvannvany
Yoamani lewnigourelazannsaAEouR
FusnZusenduuuinmlglaenss wazannsafiazin
FamuRauaduiiale

Anuvuwiuvesdn dlidinsegndundmihiu
Anuluudazaaiiuiegned 1-7 fawinfu 125, 231,
98, 214, 64, 115 uay 117 FIFRDAITILNAT AINAIAU
wazAdrdaunainvatevesdniluiinsegndunds
wihauluusazgaiuiiegne TAnviiu 1.66, 1.09,
1.49,1.49, 1.88, 2.06 wav 1.96 muadsu iednsze
AuduRLS ST T g Tiis nannufifdaey
yanesiuauaInatevesdnilulinsegndunds
wihdwwalng wuitldfinnuusnsnaneadfvisesu
auderiu 95 Wesdud onaiiieunanuunnvesitui
Anwidouindn mndinsuudeuveniwzussyanes
mﬂamuﬁﬁﬁm%sgaﬂaa 2197 LN UANLLANANS
athefldudfyvesrauanuatediosyes g
mﬂamuﬁﬁﬁmamﬂamaamﬂ"ﬁu agnalshnuaziiula
Pwundvesdnilifinsggndundmtnuiienis
LﬁumWﬂeﬁumwmwsmqﬁ‘vi'mmﬂamuﬁfﬁ’ﬁmazyjaﬂaa
1NN Fe9nmsAnewes Al wazaay [15] 18013
dsmmumannnatvededitin leun ﬁﬂﬁﬂqﬂhﬁuﬁ
Uinunesvezyadesnuininazilvdaiugiamisa
\Sivlaldtesniituiinuuivinsesnly

msﬁﬁaaﬁmﬂﬂﬁﬂiz@ﬂﬁwﬁwﬁwﬁmﬁa
dhundanazuuresdvingainguaiwtnig
Fan1w BMWP) luuinagauiufieeed 1-7 wuiiilen
WINAU 26, 26, 26, 48, 31, 42 uay 41 ANNANU LazAl

AUIUATUUY ASPT mauwiazfqmﬁuﬁqasmﬁa 73
wuindlaeglugig 4.33-0.80 Anduredevesynys
WAiusegharinfu 4.49 dewFoudiouiuinamnzuuy
Wi ASPT funsgrunmamihluuwasinfify [7]
wanshpnunniheglussiuuunansdsreudnsanysn
Aun i faAunenisnuaziailuud
wudfienfidedi enfitor 3.4-6.09 grungl 30.6-33.4
padnwaled An1stlidn 0.93-5.05 Jaddiuunne
WURWAT AIUYY 5.30-214 1Buity AUlUTILENeT
1 2.0-55 wudwes USunawesudazatsth 582-
4,037.4 fadnSuredns veaudwiuasy 22-296
fladnSusioans sendlouavatstn 0.76-2.06 Jadns
fodns Alled 1-5 dadnsSuredns Adled 38-131
feanSuredns wolue-lulnsiau 1.68-5.60 Haansu
poans lumsa-lulnsiay 1.19-6.26 Taansunodns way
Weawnosndt 0.1 fadniusednsnnymiudiedi
dewsuifisuamainiinianienin wazadify
mmgmﬂmmwﬁﬂmméaﬁwﬁaﬁuﬂizm‘wﬁ 3 afu
Qmmwﬁ'}ﬂﬁﬁamsmwm YOIAALNITUNTAIWING O
W@ [10] Wudﬂmﬁw%mﬂmLﬁuéhaemﬁ 2,3, 4,
5wz 6 ffsninunassiu eradesnaminnuvas
hwaussmuiililunisugndmiinnudunsadniios
LLaswudﬂﬂ%mmaaﬂ%wuazmaﬁﬂag"luszﬁuﬁm'jwm
wmsgilunnyaiiudiedns esansydusendiay
veniludnifaanmsdaaseiiaweddtinlu
LAZNITLNT TOI0ONTLIUIINDINIA FeluYITIAY
Freghatdeudieils uasdadusseznaiui vk
U%mmaaﬂ%wuﬁLLWi'mﬂmmﬂazmaaagjﬁﬂé’ﬁaa
U5naUAuAIINNT 19BN TINUVDIA U 138N
untuas vnlraadiiniidaasesiuadlalud dunsen
waslédioras viluSunaeenduluiaild [13]
aghslsfmunsfivsunamenlude-lulpsiou
finuinfiviinaguiuansgiuyngefiufiedisens
dlosnandfiiuiegiadutidnunndenansey
Faduszezmadvlaifinnudesnssinlulnsiaugaile
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maasaiulnveInenuazinwIuaend1 inlinunsns
Taelulpsiausiuausin (1] wenaindnuinen
anuanysnlugudleddlngdaniunnsgiu wag
gaﬂﬁﬂmeﬁnﬁ'f??qagjvmmﬂamuﬁﬁﬁmszsﬂaslaa 500
LURS Lwiswdwms’ﬁnﬁuamuﬁﬁﬁmazaﬂawaaﬁﬁwu;wa
wazduRuiy Fediandlerluiwiniy 2 fiadndusieans
Fauundnidnusenaiinnsuud ouvesansdunis
mﬂﬂgmsuEJzyjaNaaﬁlmaé’umﬂamuﬁﬁﬁmaz;&awaa
aguIdm %ﬂﬁaagﬁmﬁuamuﬁﬁﬁmaz;&awaw@ﬂajﬁ
ﬁuaw%aﬁwu,‘waﬁzuismwamuﬁ'ﬁﬁ(ﬂwsyjamaﬁ’u
widls Famefins@nwives Rusu wasamy [16]
fnuinuamvenirfieglndanuiiminvssyanesd
laiﬁmimuqumsﬂuLﬁaumaaﬂfﬂ%mamﬂawasadw
Qﬂﬁaa%ﬁwaﬁﬂﬁammwﬁwﬁﬁﬁiaﬁ (COD) geninunf
Wiesanniinsvuileuvesansdunidanihvs v
AT TBUNSEga
wiiUinadanewinfivuileuluiwesiiui
Anwr laun ansny uanlew wazazia nuinfinng
Yudounnaafiusegudiialiifuinnsgiunnge
athalsfinuuandondadndulaneminfifusunse
m'aqsum‘weuamwémmﬂwﬁau‘tuﬁﬂqwzLﬁﬂmsazau
Tudns Wy Uan wiswndeudneaninlvazauludiu
lofivgeduazifinmsavaulumdeiio Insamzdile
uywiuslamziansavauluadeneeng o uenafia
Tseluowinnld [5] Sawandeudulansusndinulsly
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Abstract

Particulate matter (PM) is the most air pollutant problem in urban areas. The objectives of this
research were to determine the quantitative relationships of particles less than or equal to 10 microns
(Pr\/lw)and 2.5 microns (PM2_5) in urban areas in all regions of Thailand. This research used secondary data
from both types of particulate matter measurements during 2014-2018 from eight Air Quality Monitoring
Stations of the Pollution Control Department (PCD), located in the Northern, North-eastern, Central,
Eastern and Southern regions of Thailand. The results showed that the PM and PM_ , concentrations
were within the ambient air quality standard. The concentrations being higher in the dry season than in
the rainy season. As a result of a relationship analysis, the concentrations of both PM_, and PM particles
were interrelated. The relationship being higher during the dry season than during the rainy season. The
IDI\/lZs/PI\/\10 ratios in the North, the Northeast, the East, the Central, and the South were 0.67, 0.65, 0.64,
0.59 and 0.45, respectively. Regarding regional PM_ /PM ratios comparison, the ratio for the South was
different from those for other regions; and the North’s ratio was different from the East. As for seasonal
IDI\/lZs/PI\/\10 ratios, they were different in the dry and rainy seasons. During the dry season, the ratio for
the South was different from other regions, while the rainy season, only the ratio for the East was not

different from those in other regions.

Keywords: Quantitative relationship, PMm’ PM25
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