C o) msasIinmmansiia:naluiadmaisaame
N\ NKRAFA JOURNAL OF SCIENCE AND TECHNOLOGY

0n20 aoui 2 n.A.-an.67

ISSN 2631 - 1134 (Print)
ISSN 2651 - 1002 (Online)



a d =S A
31‘5ﬁ1‘§3°ﬂﬂ1ﬂRWI‘i!!ﬂ%!ﬂﬂiuiaﬂu]ﬂ!i@@]ﬂ]ﬂ

a a o 4 a v A a
UITMHNT U0, WAJUWAU ANNAN Ii\udiEJHHTEJL%@@TﬂTﬁH’JZJuVIﬂH@]iﬂTﬁiﬁf

aaznfSnmn

1% 4 a o
Wa.9.N. INTNHYHU TITUIVY

Wa.0.9. SA.AUNIIA gnIaTa

v A 4
Wa.9.0. NAIBITUNT Iﬂlql’ﬂﬂﬁ

=~ o
U.0. A.FTUINT WITWUT

o ¥

¢
1.0, ALUTZEmMNg 1HMTN

neIUIIANEMI(Maly)

5.9, NALAT.IAFA ARBUD
A o d

5.0, WELOTIUN 11297

A A o
I.NATITUDT FUIUA

NOIUIINTMI(MEUDN)

WALAT. 5999 g3 T)21a g

A5.¥IA5 aUNNanad
A5.A3Iua A%

S A a
A3.1N13 AUYIA
a5.1720351 978910

v A dy 4]
IA.AT.AUA LYY

(%

IA.A3.WYI WD
Jaa aa a
IA.A3.NIHWAY YA 190

HALAT.BI WA Yy
<
A

WA.AT.SAUANA MU

[

P £
FAAT.UNTAY TNTHe

[

IA.A3.00AN FAANA

pj’”ﬂymmﬂiaGaumﬂﬁammﬁmﬁuwﬂﬂ’ﬁ?ﬂﬁiw
Yo =

HO128015 NBINITANY

1595 suU85001MAUINUNAT A 1T I 1Y
He1mems dnintiumiafdne

1595 suU85001MAUINUNAT AT T I 1Y

1595 suU85001MAUINUNAT A 1T I 1Y

1595 suU85001MAUINUNAT AT T I 1Y

1595 suU85001MAUINUNAT AT T I Y
1595 suU85001MAUINUNAE A T I 1Y

1595 suU853001MAUINUNAE AT T IY

UMINAYINFANIUNTINHY
UMINAYINFANIUNTINYY
UMINGAYINFANIUNTINHY
a v Aa J J 9 J a (% 4
InendeInenaasmsunndhynasel 1rINeaegInsal
a v Aa J J J a @ J
InenaeInenaasmsunndhynasel 1vINeaegnnsal
a [ = 9y A
WMINGaENA I TagnIZ0MNAINTSUATIN D
a [ = 9y A
WNINGaEINA I TagnIZ0MNAINTSUATIN D
a [ = 9 A
uIMeauna Ty Tagnszaeuna NIz UAs 1D
a @ a 4
UHINGATAIVAIUATUNS
a @ a 4
UHIINGATAIVAIUATUNS
@ ~ Yy 9 v
aofuma Ty lagnszaounaudnuNiTaIansziia
@ ~ Yy 9 v
aanuma TuTagnszaeundudInunmITaIanszii

UNINGIAIMININLHITIA INSUVAYATHIT



o J v Aa Jd
As.nuanaas vudail
4
IA.AT.WIANT JUNIIYNT
A 4 [
HA.AT.NAIATA LUDITE
d
A3.qANTA HUNT
I'd
a3.2ea1 InsA7
v Aa S v d
NALAT.NYTUNT 1Y

NALAT.TADU INAZNT

a J

WAL.ATIATHIING DRI

U

IF.AT.ANAY TN

J

'4
WA.AT.YYOND 151_]3591157

a Y o A
WA.AT.00A7 LININNA
a Ja
2.NIUNT IIFITIU

a J
A3.928H§ auun?
NBIIANIIINTAT
5.0. NN WNSUU Vuws

3.0, UFIAT DUDNIIA

AIIMUMBIVDIUNAIN

= J Y
D.ITEIA ANAN

=

PNINdeNA 11 Tag T ¥UIAanL IU0N INSUVATUNLS

PNMINedena 1u lags1¥unas L3

b
uIneaema luTags159nasey

g
YNNI BAYNNAAT
YNNI BAYPNNAAT
UMAINATIINY ST NI 58l
YNNI BN T 1)
unINeIaema I Taggsuis
unIngaema Iulagsyuenaday
UHINOIAITTTNMIEAAS
UHINGNAGIBAUATL g
aotiuma TuTaginuiu

UMINGAYTBAR A1

a

1595 suU85 00 1MAUINUNAE A 1T I 1Y

1595 U185 00 1MAUINUNAE AT 1T I 1Y

MﬁW%ﬂmﬁﬂlﬂBﬁiﬁWﬁﬁg



UNUIIUITMS

a J
NsasImeenaasuazimaluTaguies 091018 (NKRAFA JOURNAL OF SCIENCE AND
& o A oA v A o ’q ¥
TECHNOLOGY) #ntiuibiluilil 20 atiuhi 2 nsngian — sunan 2567 Tagnsarsoou laiild
. a . A I oA .
5¥UY ThaiJo WHN181av ISSN (Online) A® 2651-1002 wagNsa1stutay i ISSN (Print)
A & A o = v Y] d' a v d‘
Ao 2651-1134 FINsA1sUMMUAventaz 2 AU (RN 1 ¥nIIAY — UguIeu HazTUN 2
[ . [} 4 a a J
NINYIAN — 5UAN) B lunrfull nesussanimsnsasinemaasuazmna lulagueEoo1na
Y [ [ [ A =) Y o Aa
1atimsdsuilgequaw diunszuaumstamansas mewssudsumsdsedivaunmmnsaslu
~ ~ 4 =\ Ay I VoA
souh 5 11l w.et. 2568 ngud TCI Tastithninendesmadlunsasngui 1
g’: dy a Ya 4 1 d’ Y 9 [
NaNeIuIIANEMT 4 voveuamhunusunanunnmun ldanuldnddylumsdanan
o A Aa o A
U 10 VNAY (UNANUAGUDN 9 UNANY UNAMUMETY 1 UNANY) INoANUW I UNTaTa TN
20 21fU 2 ATNYIAL — FUNAN 2567 NBIVTIAUNTMTA YPUNTZAMYALTNADINMEN AMAATINTS

¢ A A =
ATNAND i]‘lfl‘ﬁ']ﬂfil ﬂﬂl%%lﬁﬂ‘m U;agé}ﬂ3\1ﬂmg@\lnﬂ1/'|TLW]ﬂ?ﬂl'lﬁagl'ga'lcl,l'!ﬂ’ﬁ@iggﬂﬁ@ﬂﬂmﬂ’lwsllﬂ\?

Y = Y

Yo o A & PG A A 9 A o '
‘U‘Vlﬂ'g’llll!agﬂlqﬂﬂ’lllugu’lﬂlﬂuﬂ5316"])"1!EN ’qf@“mﬂ UDUDUFW 1/13JQ1uﬂlﬂﬂjﬂﬂﬁuﬂﬂuﬂ%1ﬁlwgﬂmn

P a o 3 & v
UDINTH1T4 ﬁmmﬁuyimuasmmm i]umﬂmmmmmﬂumuﬁ]mmwuazﬂ?mmmnmmim

AUNINUDY TCI

] d A o 4
HIDINIALDN E?‘]f')ﬂﬂWﬁ@i'mWifJ QUNAU ANNAN

VIIANTMINIAIIMmaasiazna luladueiE 0o1ma



a3vsy

%
DI
UNANNIVY
< < = A Ao 1%
azuuunolnienvesnuianelaly 7ps veagsnanne e 1-10
A Hybrid Model for Path Loss Estimation in Avenue Environment 11-22
a ' a o o dy 9
M3 AATIEHLaEMTUTNUIDUTIARIM TN IMAUIUNUFIUTDY 23-35
vouthvue lunswdesa Tuiia
= a 4 g’/ g} a
msmfsnatllas@enlalasmsvounmmualuimeza dre35ainTasig 36-44
00 15N LUVAATLNG
v g y A g9 Y ' Aa Yy A
M33aa1n1u TN UAIEgNaNUINaNN A UdRENgA 44-45
9 a Jd a v a3
Msoenuuuas e amd luaessiadunulszgnuiugyans 56-71
Aa o Y] a 4
WAAN13IAgIgA 200 Alalad
o Y (% 9 9y o Aa o a1
myianAugasudetoyalasldnannisale Tones lofiru 72-82
INYNH1334 CNR 900
=Y o J Aa Y]
mylszavgyaginsainazmsmgasnandisazaensalalinaesa 83-97
A ] dy o o 9 = 9 Y
mensd e lsadmsulslulsaFoumnesesnszgasoun
o Yy 9 o 9 a Y =y A
AMINAUUTUAGLINAWAUNANANTIOUATI TN 98-109
[} $ 1 1 a a 4 [
adeidananengAnssumsvs Inaonsneldaaiunmsainisuns 110-125

szanaved hialnlsun 2019 aeviug lolunsou



Sci & Tech.JNKRAFA.[2024] 20(1), 1- 10

o =1 =1 = n:. o o
mmuﬂaﬂuuanmmmmmwaﬁlu 7Ps UBFINVNNNOIAY

(Top 2 Box score of the 7Ps satisfaction of Residential Business)
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ABSTRACT

This research aims to 1) Study the level of the 7Ps marketing mix of housing estate and residential
condominium customers. 2) Study the relationship between the “Arithmetic mean” and “The top two box score”.
7Ps Marketing Mix Level of Housing and Residential Condominium Customers. The population is customers living
in housing estates and residential condominiums in Bangkok and its vicinity and the region Using 1,000 samples
by multistage random sampling. The instrument used was a 5-level estimating questionnaire, merging as a set,
with a reliability value of 0.880. The statistics used were: Arithmetic mean, Top two Box Score, Pearson correlation
coefficient, and Spearman correlation coefficient.

The Research discovered 1) the level of satisfaction in the 7 marketing mix (7Ps) was at a high level.
(Sorted by average values from highest to lowest): Price, Products and Services, Place, Physical environment
and/or employees in an organization, Process, and Promotion. 2) Arithmetic mean and top-two-box score 7Ps
Marketing Mix Level of Housing and Residential Condominium Customers reveals that there was a statistical
correlation at the significant level of 0.05 in the same direction with the Pearson correlation coefficient value and

the Spearman rank correlation coefficient equal to 0.984 and 0.929 respectively.

Keywords: Housing, Marketing Mixes (7Ps), Spearman's rho, Top 2 Box score
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Abstract °P EUSE0,

Diverse propagation mechanisms complicate propagation analysis and modeling for a foliage condition.
Therefore, a simpler optimized hybrid propagation model, which maintains or improves accuracy but preserves a
cooperative relationship with physics, would be insightful. We evaluate an approach for developing a radio-wave
propagation prediction model in an avenue area by combining the path loss in free space and environment
parameters. It is demonstrated that this two-mechanism hybrid model can provide an accurate fit to the profile of
through forest propagation over a long distance, which is impossible with the definitive radiative energy transfer
model. The predicted model results were validated using radio-wave propagation in the FM band measurement
data. The results obtained from the developed Free-Med model will differ slightly from the measurements under
the avenue environment compared to the free space path loss model, Okumura-Hata path loss model, and the Perez-
Vega path loss model, as can be seen from the values of the variables MAE and RMSE, which are 1.4966 [dB] and

1.8288 [dB], respectively.

Keywords: Path loss estimation, Avenue environment, Radio wave propagation

1. Introduction

The propagation of radio waves in very high frequency (VHF) bands is always the cornerstone and recreate a
significant part of general communications. VHF is the radio frequency scope from 30-300 MHz, which covers television
and frequency modulation (FM) radio broadcasts at 80-108 MHz [1] and can provide audio and information services using
the existing FM bands and channel spacing [2]. In recent years, the radio system's quality and coverage have been significant
issues for conception and development. In supplement to communication, the FM technique can furthermore be applied in
diverse applications such as sending photo information on the FM radio broadcasting infrastructure [3], sharing time data
through another FM broadcasting channel [4], FM radio source localization application [5], and passive radar system based
on FM radio system [6].

However, the system's quality and efficiency depend on the signal parameter, signal intensity level, signal-to-noise
ratio, and coverage of the area used. Therefore, it is essential to consider a system's propagation features through a medium
for the estimation of the signal parameters accurately [7] and to understand how signals are attenuated over distance in a

realistic environment [8]. In addition, network engineers require techniques for accurately mapping the coverage area of
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existing and planned networks. The radio propagation models can be used to represent the radio wave's behavior when
transmitted from transmitter to receiver and indicate the association of the space between transmitter and receiver and path
loss, which are connected closely to specific propagation conditions [9].

Developing and improving mathematical models to describe radio propagation properties are based on signal
magnitude measurements under diverse conditions. Over the years, researchers have performed experimentations to
estimate radio propagation underneath distinct requirements and environmental aspects, such as The outdoor measurement
campaigns for 5G system at 32 GHz [10], the measurement of path loss on the ground-to-air path using a drone-based
measurement system [11], the vegetation loss measurement at D-band frequencies [12], the signal propagation at ground
level [13], open-space static measurements in a stadium [14], the empirical neat ground path loss modeling in a forest at
VHF bands [15], the radio propagation dynamics in the forest [16], the network deployment in snowy environments [17]
and the device-to-device communication in forest terrain [18]. Distinct environments will instantly impact the propagation
of radio waves. Therefore, tests were carried out in each country to acquire knowledge and aspects that are appropriate and
consistent with the validity in each area, such as the path loss measurement in a Brazilian Atlantic rainforest urban site [19],
in New York City [20] and in Amazonian border region [21].

Because the individual model has distinct features and implementation, numerous investigators have resembled model
performance based on measures in further environmental requirements, such as the comparison of path loss models for
UHF/VHF bands [22], the measurements and models for signal attenuation in vegetated areas [23] and the efficacy of some
unpopular path loss propagation models [24]. However, the values obtained from measurements often need to be more
precise from the model, which has a continuous curve. Therefore, analyzing the measured values using graphing processes
is essential to construct a mathematical model appropriate for actual usage, as shown by [25] and [26]. Furthermore, the
radiation model must provide accurate loss prediction, even for specific conditions. Therefore, there is an attraction to a
more accessible propagation model that can be empirical and should yield better results [27]. Some path loss effect technique
employs a free-space path loss (FSPL) and a practical path loss model [28] or a simplified model for path loss computation
[29]. From the research mentioned above, the authors have yet to find any specific research on tree-covered landscapes on
the sides of roads, which will directly affect the radio reception performance of the equipment in the vehicle. This research
is, therefore, comparable to pilot research for an in-depth study of the issue.

This article proposes the development of a simple and accurate model established on the combination of an empirical
path loss model and a free-space path loss model to enhance the overall prediction accuracy in an avenue environment. The
novelty and the key contributions of our work are listed as follows:

1. We have developed a path loss prediction model for analyzing radio wave propagation through an avenue
environment. The paths electromagnetic waves travel through free space and trails through trees are interpreted according
to the terrain in an avenue area.

2. We have adjusted the attenuation prediction parameters to suit the experimental terrain as a standard for further
model development.

The rest of this paper is organized as follows: the propagation loss and empirical formula are presented in Section 2.
The propagation measurements are proposed in Section 3. The results and discussions are presented in Section 4. Finally,

conclusions are drawn in Section 5.
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2. Propagation Loss and Empirical Formula

The radio propagation models represent the manners of the radio waves when they are transmitted from transmitter to
receiver and demonstrate the relationship between the space between transmitter and receiver and path loss, which are
correlated closely to the specific propagation environment.

2.1 Free Space Path Loss

The considerably uncomplicated wave propagation matter is direct wave propagation in free space. In this
particular case of line-of-sight propagation, there are no obstacles due to the earth's character or other barriers. Next, we
suppose radiation from an isotropic antenna. This sort of antenna is thoroughly omnidirectional, radiating uniformly in all
directions. While there is no such thing as a purely isotropic antenna in practice, it is a functional, theoretical concept. The
received power B, at the receiving antenna (mobile station), located at a distance d from the transmitter (base station) is

given for free space propagation as [30]:

F} 2
B =P (1) GG, M

If other losses (not related to propagation) are also present, we can rewrite Equation (1) as:

4rd

r-() e i @
P t Lo L'p,fsplLo -

where B, Py, 4, Gy, Gy, d, L, and Ly, gp) are received power, transmitted power, wave length, gain of the transmitting (base
station) antenna, gain of the receiving (mobile) antenna, antenna separation distance between transmitter and receiver, other
losses expressed as a relative aftenuation factor and free space path loss, respectively. The free space path loss is often

expressed as an attenuation in decibels [dB] as follows:
4nd
Ly gsp1(dB) = 201logyg (T) = 32444 20log,y f + 20log o d 3)

where f is the carrier frequency in [MHz] and d is the separation distance in [km]. The free space path loss is fundamental
to consider the effects and losses caused by wave propagation through space. But in more complicated environments, it is
essential to consider other impact factors to make the computation and analysis of results additionally accurate.
2.2 Okumura-Hata Path Loss
One of the well-known empirical models for propagation loss is Okumura-Hata model, which is based on
experimental data. What is taken into account besides the general equation is the correction factor a. The standard formula

for propagation loss for urban area L pa, is obtained by [31] and [32] as follows:
Ly urban(dB) = 69.55 + 26.16logy, f — 13.8210g10 by — a(hy) + (44.9 — 6.55logy hy) logyo d 4)

where a(h,,) in [dB] is the correction factor for the mobile station antenna height h,,, in [m]. The parameters f, h;, and d
are the frequency in [MHz], the base station antenna height in [m] and the distance in [km], respectively. The correction

factor for vehicular station antenna height in the case of a medium-small city can be determined as follows:

a(hy) = (L1logyo f — 0.7)hym — (1.5610gyq f — 0.8) (5)
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Due to the distinct environments between urban and rural areas, an open area correction factor for adjusting accuracy has

been added to the equation to simulate the propagation loss in open spaces. So that we get the propagation loss as follows:
Ly hata(dB) = Ly urpan — 4-.78(logyg £)? +18.331logy, f — 40.94 (6)

In this model, the height of both the receiving and transmitting antennas has been increased. as well as coefficients for
adjusting the accuracy of the model to be more in line with the actual usage environment.
2.3 Perez-Vega Path Loss
A computational path loss model developed by Perez-Vega and Zamanillo is one of a simple propagation model
for VHF and UHF bands. It allows the estimation of median path loss, received power, or electrical field strength which
usually is sufficient in many practical applications. The model is independent of frequency and is applicable to outdoor

environments. Path loss in dB can be calculated as [33] and [34]:

Lp,perez(dB) =10n 10310 (d) + Lp,fsp] (M

The value of n intrinsically embeds the effects of all propagation mechanisms: attenuation, diffraction, reflection, etc. The

best fit was obtained with a polynomial model of fourth degree with the form:

4

n= iZaU hid/ (8)

i=0 j=0
where h is the height of transmitting antenna in [m] a d is the distance in [km]. The coefficients a;; are given by [33]. The
value of the variable was obtained by adjusting the accuracy of the curve using a processing program, which will be more
complex in actual use.
2.4 Proposed Free-Med Model

Each model has limitations that depend on the propagation environment and experimental setup, which cannot
model the path loss. They are mainly based on the distance between the transmitter and receiver. Then, modifying the
accuracy with specific properties for each environment and terrain condition is essential. For example, in this research, we
desire to construct a characteristic of a road-like area with trees on the sides. This environment is typical in the region and
directly affects communication by propagating radio waves to conventional cars. Therefore, we proposed a so-called Free-
Med model, a path loss model combining the FSPL model using the distance of a free space area and an empirical path loss
model for an avenue area.

Due to their high efficiency in losing estimation and low mathematical complexity, empirical models are highly
appreciated in radio-wave propagation dimensioning. Among them is the Modified Exponential Decay model (MED), one
of the considerably widely employed due to the high levels of precision when determining canopy losses, as shown by [35]
and [36]. Propagation models that calculate path loss or characterize attenuation in radio wave propagation play an essential

role in the deployment of broadcasting signals in diverse large-scale contexts. The MED model can be calculated as follows:
Lmea = af’g ar )]

where Ly,qq is the excess path loss in [dB], the parameter a, 5, and y are fitted values f is the frequency in [MHz], and d is

the distance in [km].
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The parameters were developed employing the geographic coordinates of the transmitter (Tx) and receiver (Rx)

antenna locations, as depicted in Fig. 1, we define the total attenuation of Free-Med model Lgpe—meq in terms of:

4T[dfspl

Liree-med = Ld,fspl + Ld,tree = 20logyo ( ) + afﬁdl;'ee (10)

where d is expressed in [km] and f is the frequency expressed in [MHz]. The height of the transmitting antenna is
represented by h, in [m], where variable h; in [m] represents the height of the surrounding trees, with 8 = arctan(h,/d),
despr = (hg — h;)/sin 8, and diree = hy/sin 6.

The highlight of this model is the inclusion of the efficiency of the wave propagation equation through free space
and taking into account the changes in electromagnetic waves as they journey through a forest medium, which will change
with the frequency, and the space traveled through the trees. In addition, all variables will vary depending on the distance

between the wave source and the receiver's position.

N I N T 0 N T e i 7

. g0 A R
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Fig. 1 Developed Model Geometry

3. Propagation Measurements

The research focuses on radio wave propagation affected by the typical road environment in the region. Avenues are
streets or paths bordered on both sides by uniform rows of trees or separated by a row of trees in the middle. The trees on
both sides of the track are planned to be planted at equal intervals and the same age with approximately the same planting
quality. Trees of one tree species are usually used.

3.1 Measurement Scenario

The propagation measurement campaign was accomplished in an avenue environment in Nakhon Nayok,
Thailand, as presented in Fig. 2. The dominant tree species were the Thai Pterocarpus macrocarpas and Thai Samanea. The
measurements were performed along a straight route, as illustrated with the yellow line in Fig. 2(a). This experiment will
use accurate radio signals from an FM radio station adjacent to the road where the measurement begins at the coordinates
(14.279301, 101.162881), as demonstrated in Fig. 2(b). Along the route from the starting point to the endpoint at coordinate
(14.221812,101.151023), which has a total distance of 6.5 [km], the signal strength at the receiver will be estimated every

100 [m]. At all measurement locations, the moderate heights of trees h; varied from 7 to 10 [m]. Therefore, the distance
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between the trees is approximately the same size at about 5 [m], as displayed in Fig. 2(b). Measurement data were acquired

during the season, when the trees had leaves in damp weather conditions.

Fig. 2 The measurement site: (a) Measurement path form www.google.com, (b) Starting point and (c¢) Endpoint

3.2 Measurement System Description

The FM radio station generates a broadcasting signal in transmission using the carrier frequency 0of 89.75 MHz that
is amplified and transmitted by an antenna located on a mast at the height of 20 [m], as depicted in Fig. 3(a) and Table 1.
The measurement system employed is based on the Keysight FieldFox Handheld Analyzers N9913 A (30 kHz to 4 GHz)
utilized as the receiver (Rx), as depicted in Fig. 3(b). The receiving system is climbed on an automobile with a receiving
antenna height 1 [m] and located at a distance from the line of trees along the road of 2 [m]. The experimental movement
will stop at each measurement point to ensure signal stability. Besides that, this process can reproduce the signal received

by the car's audio system.

(b)

Fig. 3 System Description: (a) Transmitter antenna and (b) Keysight FieldFox Handheld Analyzers N9913A
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Table. 1 Experimental setup

Description Value

Tx Hight (above ground) 20 [m]

Rx Hight (above ground) 1 [m]
Frequency 89.75 [MHz]
Ground distance 0—6.5 [km]

3.3 Prediction Model Accuracy
The prediction errors between the measurements and the models were quantified with the mean absolute error

(MEA) and the root-mean-squared error (RMSE).

(an

(12)

where N is the total number of measurement points, m; and x; are measurement and predicted values at the i*"

measurement point in [dB], respectively [37].

4. Results and Discussions

This study's results can be divided into two parts: The first part is the results obtained from simulation by computer
programs according to various models presented above. The second part is the outcomes received from the measurement
experiment in the natural environment and then applied as a model to simulate the consequences of the typical avenue’s
environment in the region.

Fig. 4 illustrates the values obtained from the simulation using the free space path loss model Ly, gp,), the Okumura-
Hata path loss model Lpnata and the Perez-Vega path loss model Ly perez compared to measurements. The x-axis represents
the ground distance between the antenna mass and the position of the received antenna mounted on the vehicle. The y-axis
displays the path loss in dB. The circle shows the data obtained from each measurement. The measurement locations are
100 meters apart, totaling 65 measurement points. The dotted line represents the simulation results using the free space path
loss model according to Equation (3). The dashed line represents the simulation results based on the Perez-Vega path loss
model according to Equation (7). The curves indicate that the actual measurement values are distinct from those acquired
from both models, as expected. The graphs and the measured values demonstrate that the loss trend in radio wave
propagation over different distances is in the same approach. But there are differences in the range from about 1 [km] up.
To improve this accuracy, the researchers present a model for calculating the effects of wave propagation in free space and
the attenuation effects of trees and environments in the experimental area according to Equation (10). The dash-dot graph
in Fig. 4 displays the free space part of the variable Lg gsp). It can be seen that this value is less than the value obtained from

the free space path loss model L, ¢, because the propagation distances in the air defined in each model are dissimilar.
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Fig. 4 Comparison between path loss models and measurements

The difference between the experimentally measured value and the variable L ¢p in the proposed model can be used
to estimate the correct variable value L trqq, as shown in Fig. 5. As for the variables Lg ¢y, only the distance dggp) traveled
by electromagnetic waves through unobstructed space is considered, and separating the part that spreads electromagnetic
waves through the tree is represented using variable L qe. Fig. 5 depicts the distinction AL; between the values acquired
from each measurement and the variables L g5, in the developed model. In the next step, these values are used to discover
relevant function variables afF d{_’me. In this research, we have applied a curve-fitting technique to discover the most
correlated curve optimization that finds an optimal set of parameters for a specified function that agreeably suits a given set
of observations. The dash-dot line in Fig. 5 displays the outcomes acquired when the variable set is provided the following

values ¢ =0.1431, £ =1.0151 and y = 0.0826.
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Fig. 5 The distinction AL, and curve optimization with & =0.1431, £ =1.0151 and y = 0.0826
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Fig. 6 compares the experimentally average measured values, the free space path loss model L, ¢, the Okumura-
Hata path loss model L, yata, the Perez-Vega path loss model Ly ere,, and the developed Free-Med path loss model
Ltroo—meq- It can be seen that the dotted line is comparable to the series obtained from the other two models. The
improvement in accuracy is evident from the tolerance values shown in Table 2. When using the free space path loss model,
the MAE and RMSE values are 10.1407 [dB] and 10.3463 [dB], respectively. These are lower than the results from the
Okumura-Hata model, which have MAE and RMSE values of 59.0248 [dB] and 60.2650 [dB], respectively. In the case of
the Perez-Vega model, the MAE and RMSE values based on measurement results are 6.7061 [dB] and 6.9729 [dB],
respectively. The results from the developed Free-Med model show a slight difference from the measurements, as indicated

by the MAE and RMSE values of 1.4966 [dB] and 1.8288 [dB], respectively.
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Fig. 6 Comparison between the others path loss models, developed path loss model and measurements

Tab. 2 Model performance

Model MAE [dB] RMSE [dB]
Free Space 10.1407 10.3463

Hata 59.0248 60.2650

Perez 6.7061 6.9729
Free-Med 1.4966 1.8288

3. Conclusion

In this paper, a novel prediction model for path-loss estimation in avenue environments has been proposed. A
measurement campaign has been carried out at a frequency of 89.75 [MHz]. The experiment utilizes the signal from the
radio station and employs the receiver antenna at the vehicle's height. So, the position of the transmitter antenna exceeds
the size of the trees, and the receiver antenna is below the peak of the trees. In contrast with most well-known empirical
models, the proposed model determines the transformations in propagating waves as they travel through a free space and

forest medium, varying with the frequency and distance traveled through both mediums. Furthermore, the experimental
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results demonstrate that the values obtained using our developed model are more accurate than other general models.

Therefore, creating a model suitable for operating conditions by analyzing the propagation of waves in free space and areas

with characteristic obstructions permits modeling to be precise and provide results roughly the value obtained from the

measurement.
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Abstract

The aircraft prediction model has been developed to identify the type and model of aircraft based on
unknown target data. This serves as a crucial factor in military strategic decision-making to gain a tactical
advantage. The essential aircraft types encompass fighters, transporters, helicopters, and training aircraft. These
aircraft types have the capability to cause harm and pose a threat to national security when identified as unidentified
targets on radar screens of air defense radar systems within the Air Force. Each type of aircraft encompasses various
models, each with distinct capabilities tailored for different mission profiles, such as long-range flight, cargo
transport, bombing, attack, and reconnaissance. For this reason, effective air defense necessitates the accurate
identification of aircraft types and models, enabling strategic decision-making for appropriate response strategies.
Although there have been studies on constructing aircraft prediction models from past research, it was found that
they primarily focused on predicting types or specific models of aircraft, revealing limitations in their practical
application. Therefore, the aircraft prediction model is imperative to be considered based on methods that align with
the requirements for identifying the type and model of aircraft. This research analyzes and evaluates aircraft
prediction models using modern classification techniques, including Neural Network, Decision Tree, Random
Forest, K-Nearest Neighbors, Support Vector Machine, Naive Bayes, Adaptive Boosting, Gradient Boosting, and
Stochastic Gradient Descent. The model evaluation is conducted through statistical metrics relevant to
classification, such as Area under the ROC Curve, Classification Accuracy, Precision, Recall, and Matthews
Correlation Coefficient. The findings indicate that the most suitable and effective models for practical application

are those developed using Neural Network and Random Forest techniques, respectively.

Keywords: State-of-the-Art Algorithm, Data Mining, Smart Weapon Systems, Radar System, Unknown Target
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Gradient Boostin
Gradient Boosting
Select Pmetiﬁ:r\{ )—/;Kg and Score
Stochastic Gradient
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AUC
Stochastic
PARAMETERS Neural Decision Random Naive Gradient
K-NN SVM AdaBoost Gradient
Network Tree Forest Bayes Boosting
Descent
NumOfPlane 0.611 0.609 0.611 0.366 0.573 0.608 0.552 0.609 0.549
Velocity 0.893 0.902 0.903 0.771 0.799 0.544 0.762 0.897 0.619
FoundHeight 0.744 0.762 0.762 0.605 0.623 0.705 0.579 0.764 0.517
FoundDate 0.550 0.649 0.728 0.693 0.500 0.708 0.503 0.559 0.500
FoundTimeValue 0.585 0.617 0.616 0.344 0.512 0.365 0.576 0.573 0.504
FoundLon 0.807 0.010 0.913 0.807 0.832 0.5819 0.846 0.905 0.573
FoundLat 0.858 0.896 0.912 0.500 0.763 0.510 0.833 0.686 0.585
HideLon 0.894 0.912 0.915 0.514 0.797 0.519 0.845 0.849 0.552
HideLat 0.875 0.907 0.912 0.511 0.785 0.516 0.848 0.713 0.594
Takeoff 0.941 N/A 0.939 0.519 0.909 0.938 0.873 0.599 0.733
Landed 0.947 N/A 0.945 0.516 0.890 0.944 0.876 0.913 0.745
Number of Selected
7 5 7 [ 3 7 6 H 0
Parameters
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a k]
Stochastic
Neural Decision Random Naive Gradient
Algorithm K-NN SVM AdaBoost Gradient
Network Tree Forest Bayes Boosting
Descent
AUC 0.990 0.925 0.981 0.917 0.935 0.983 0.941 0.782 N/A
CA 0.832 0.308 0.847 0.710 0.460 0.736 0.712 0.663 N/A
PREC 0.808 0.304 0.834 0.687 0.474 0.778 0.700 0.788 N/A
RECALL 0.832 0.308 0.847 0.710 0.460 0.736 0.712 0.663 N/A
MMC 0.813 0.788 0.830 0.677 0.412 0.711 0.680 0.637 N/A
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A reduced scale spectrofluorometric method for determination
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Abstract
The standard guide for determining total petroleum hydrocarbon (TPH) in seawater, established by the
Intergovernmental Oceanographic Commission (IOC), has been adapted to align with principles of green analytical
chemistry. This adaptation involves reducing both the sample volume and the amount of extraction solvent used.
These modifications have reduced the pre-concentration factor from 800 to 20, making it compatible with the high-
sensitivity spectrofluorometers currently available in the market. A calibration curve of chrysene without extraction

was linear over a concentration range of 10-200 llg/L. The regression equation was y=1.567x+2.524 with the
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coefficient of determination (RZ) 0.9992. Limit of detection (3sd/m, n=10) and limit of quantitation (10sd/m, n=10)
were 0.065 and 0.22 g/L, respectively. The method was employed to assess TPH levels in seawater along
Bangsean beach in Chonburi province, Thailand. To establish it as a standard method, collaborative trials of this

approach should be conducted for validation and acceptance.

Keywords: green analytical chemistry, seawater, spectrofluorometer, total petroleum hydrocarbon

1. Introduction

Marine pollution resulting from petroleum hydrocarbons is a significant concern, given their toxicity to both human
and marine ecosystems. Certain Total petroleum hydrocarbons (TPH) compounds can impact the human nervous system,
leading to symptoms such as headaches and dizziness. Consequently, it is imperative to take measures to address and
mitigate the impact of these pollutants on both our environment and overall health. In recognition of this, the
Intergovernmental Oceanographic Commission took a significant step by establishing the standard method for monitoring
seawater quality with respect to total petroleum hydrocarbon (TPH) levels back in 1984 [1]. The analysis of TPH is
considered semi-quantitative due to the diverse range of hydrocarbons that can contaminate seawater samples. Thus, TPH
determination in seawater is quantified in units of " chrysene equivalent" a metric defined by the IOC to account for this
variability. Chrysene is a polycyclic aromatic hydrocarbon (PAH) with the molecular formula C,;H,,. There are four fused
benzene rings in chrysene structure that benefit for spectrofluorometric determination as depicted in Figure 1. The method
was published as a standard guide called " Manual for monitoring oil and dissolved/dispersed petroleum hydrocarbons in
marine water and on beach"[1].

This IOC guide suggested extraction procedure, which uses 100 mL of hexane to extract TPH from 3-4 L of the
seawater sample using a separatory funnel. The large volumes of sample and hexane used in this extraction process have
created operational challenges, making the procedure cumbersome. Furthermore, it generates a substantial amount of waste
solution, which is not environmentally friendly. The standard guide employs spectrofluorometric analysis as its technique.
A spectrofluorometer features a single light source, two monochromators, and two detectors. One detector measures the
initial intensity of the light from the source, while the other detector measures the emitted light from a substance in solution.
Despite these challenges, this standard guide remains in use within numerous national and international monitoring
programs for TPH determination in seawater [2]. In recent years, technological advancements have accelerated, particularly
in scientific instrument technology, resulting in notable enhancements in spectrofluorometer performance, especially
regarding sensitivity. With the availability of highly sensitive instruments, smaller sample quantities are now sufficient for
precise determination, enabling more efficient and environmentally conscious analytical processes.

To address these concerns, we engaged in the task of aligning the IOC standard guide for TPH determination with the
principles of green analytical chemistry. Our approach involved scaling down the analysis process by reducing both the
volume of seawater sample and the amount of extracted solvent specified in the IOC standard guide. In accordance with the
guide, we utilized hexane and a separatory funnel for extraction. Subsequently, the resulting extracted solution was subjected
to measurement using a spectrofluorometer. This transformation aligns with environmentally friendly practices while

maintaining the integrity of the analytical process. The modified method was used for determination of TPH in seawater
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samples in a unit of chrysene equivalent. The analytical figures of chrysene determination using spectrofluorometric

technique was evaluated to demonstrate the current performance of spectrofluorometer in use today.

2. Materials and methods

2.1 Apparatus and reagents

A spectrofluorometer model Cary Eclipse (Agilent, USA) was used for the analysis in this work. Deionized water
(DW) was obtained from E-Pure Barnstead 3 column model D4632 ( Thermo fisher scientific, USA). Chrysene (C,;H,,,
analytical standard grade) was purchased from Supelco (USA). Hexane (CH,,, AR Grade) was purchased from RCI
Labscan (Thailand). Sodium sulphate anhydrous, (Na,SO,, AR/ACS Grade) was purchased from Loba Chemie (India).

2.2 Procedures

A 100 mL of seawater sample was accurately pipetted into the 125 ml separatory funnel using a volumetric pipet,
followed by the addition of 5 mL of hexane using volumetric pipet. After securely sealing the separatory funnel, vigorous
shaking for 5 minutes ensued, allowing for proper mixing. Subsequently, the mixture was left undisturbed for phase
separation, with the upper organic phase being carefully transferred into a covered beaker. The water phase underwent a
second extraction with an additional 5 mL of hexane, and the second organic phase was combined with the first. Anhydrous
sodium sulfate was introduced to absorb any remaining water content, and the saturated sodium sulfate was then filtered
out using No.1l Whatman filter paper. The extracted solvent was left to evaporate in a fume hood. These residues were
dissolved with hexane and transferred into a 5 mL volumetric flask. Finally, the solution was measured using a
spectrofluorometer for TPH analysis.

The spectrofluorometer conditions were optimized as following; an excitation wavelength (A_) 310 nm and an
emission wavelength (A_) 361 nm, both utilizing a slit width of 10 nm. The average reading time was set at 0.1 s, and a
photomultiplier tube (PMT) voltage of 600 volts was applied for precise and sensitive measurements. These settings ensured
the accuracy and reliability of the spectrofluorometric analysis.

2.3 Sampling

Seawater samples were collected from a depth of 1 meter below the surface at three distinct locations along the
Chonburi coastal region in Thailand as shown in Figure 1. These specific sampling sites were identified as follows: Wonnapa
beach (S1 - 13°16'16.3"N 100°55'19.2"E), Bangsaen beach (S2 - 13°17'08.5"N 100°54'44.4"E), and Laemtan beach (S3 -
13°18'11.4"N 100°53'49.3"E). To preserve the samples' integrity, one-liter amber glass bottles were employed for collection,
and the bottle caps were sealed with aluminum foil to prevent any external contamination. Subsequently, the samples were
stored in a dark and cool environment and analyzed within 3-4 hours after the initial sampling, in strict accordance with the

guidelines specified in the IOC standard guide.
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Chrysene

Figure 1. Chrysene standard structure and location of sample site; S1, S2 and S3 along Chonburi coastal in Thailand.

3. Results and discussion
Chrysene was used as a standard for TPH analysis according to IOC standard guide. The analytical figures of merits
for chrysene determination by spectrofluorometer were presented as following.
3.1 Calibration curve
The standard solutions of chrysene were prepared in hexane and measured by spectrofluorometer. The calibration
curve was linear over a concentration range of 10-200 [1g/L as Figure 2. The regression equation was y=1.567x+2.524 with

the coefficient of determination (Rz) 0.9992.
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Figure 2. The calibration curve of chrysene standard (n=3).

In Figure 2, the observed chrysene concentration range was notably lower, approximately 10-15 times less, than the
recommended calibration curve range stipulated in the IOC standard guide, which was 0.1-3 [Lg/mL or 100-3000 p1g/L [1].
This observation underscores the fact that modern chrysene analysis can be effectively conducted at significantly lower
concentration ranges than previously prescribed in the IOC standard guide.

3.2 Limit of detection (LOD) and limit of quantitation (LOQ)

The blank solution, which consisted of deionized water, underwent spectrofluorometric measurement following the
procedure outlined in section 2.2. To establish the limit of detection and limit of quantitation, the standard deviations were
calculated based on ten replicated measurements of the blank signal. The limit of detection was determined as 0.065 [1g/L
while the limit of quantitation was found to be 0.22 [Lg/L, each derived from three and ten times the standard deviation,
respectively.

3.3 Precision

Some low molecular weight TPH in seawater samples can be easily lost by volatilization. In order to avoid any lost
that would occur during three days storage of samples, the freshly prepared chrysene standard solution was used to study
the precision of the proposed method. A 100 mL of 5 Jig/L chrysene standard solution was daily prepared and measured
through the procedure in section 2.2 for extraction and spectrofluorometric detection. The analysis was performed in

duplicate for three consecutive days. The results were shown in Table 1.

Table 1 Chrysene determination using the proposed method over three consecutive days.

Chrysene ([1g/L)
Day
Duplicate 1 Duplicate 2
1 3.52 3.65
2 321 3.36
3 3.79 3.69
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One-way ANOVA statistic function was used to determine the mean square between days (MSB) and the mean square
within days (MSW) as given in Table 2. The obtained p-values 0.0333 is smaller than 0.05, therefore the between day
variation is larger than within day variation. Within day variation represents repeatability and between day variation

represents the intermediate precision in terms of the within-laboratory reproducibility of the proposed method [3-4].

Table 2 Statistical results of single ANOVA for precision analysis from Excel program.

Source of Variation SS® df° MS* F p-value F crit
Between Groups 0.2140 2 0.1070 13.0 0.0333 9.6
‘Within Groups 0.0247 3 0.0082

Total 0.2387 5

a b c
sum square, degree of freedom, mean square

The standard deviations for repeatability (s)) and within-laboratory reproducibility (s;) were calculated from the MS

using the following equation 1 and 2 [5].

For repeatability,

S, =+ MSW =+/0.0082 =0.091 ng/L 6y

For within-laboratory reproducibility,

_ ' _ bl
Sp= JMW _,.M — J0.0082 +[MJ —0.24 lgL ()}

n

The repeatability and within laboratory reproducibility in term of relative standard deviations (RSD) would be 2.57%
and 6.79%, respectively. Both RSD wvalues fall within the acceptable range as per the guidelines established by the
Association of Official Analytical Chemists [6].

The determined analytical figures indicated high sensitivity of spectrofluorometer commonly used in general
laboratory. As a consequence, the high sensitivity enables a reduction in the volume of seawater sample required for
extraction. In IOC standard guide, 3-4 L of seawater sample was extracted twice using 50 mL of hexane each time. The
combined 100 mL of extracted hexane was then concentrated down to 5 ml using a rotary evaporator, resulting in a
preconcentration factor of 600-800, necessitated by the wide concentration range of the calibration curve (100-3000 [1g/L)
mentioned earlier. However, recent research and publications on TPH analysis in seawater using a modified IOC standard

guide indicate a trend towards utilizing lower preconcentration factors, as summarized in Table 3.
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Table 3 Preconcentration factors for TPH analysis using the modified IOC standard guide in published research.

Seawater Hexane volume used Preconcentration References
(mL) in extraction (mL) factor
4000 5 800 [7]
4000 10 400 (8]
2000 5 400 [9]
4000 10 400 [10]
2800 10 280 [11]
1000 5 200 [12]
1000 10 100 [13]
100 5 20 This work

In this study, a sample volume of 100 mL was extracted twice using 5 mL of hexane each time. The resulting 10 mL
of combined hexane extract was then reduced to 5 mL before spectrofluorometric analysis. Consequently, the
preconcentration factor for this extraction method was 20. The method's quantitation limit was calculated as 0.22/20=0.011
Lg/L, which is well below 0.07 |Lg/L detection limit reported by Bicego and colleagues [7] using a preconcentration factor
of 800. This indicates that a significantly large preconcentration factor is not essential for TPH analysis.

3.4 Sample analysis

The samples collected from locations S1, S2, and S3 were extracted with hexane and analyzed using a
spectrofluorometer, following the procedure described in section 2.2. To determine the TPH concentration in these samples,
the calibration curve was employed, with the TPH concentration reported in [lg/L being equivalent to that of chrysene, as

detailed in Table 4.

Table 4 TPH in seawater samples collected from Chonburi coastal in Thailand (n=3).

Sample site TPH (Jig/L)
Wonnapa beach (S1) 1.05+£0.02
Bangsaen beach (S2) 0.90 =0.09
Laemtan beach (S3) 0.70 = 0.08

The TPH limit for seawater in Thailand was classified by Pollution Control Department, Ministry of Natural Resources
and Environment into three levels with three standards of seawater quality: 0.5 [1g/L for natural resource conservation and
aquatic animal breeding, 1.0 |Lg/L for tourist attraction areas, and 5.0 |1g/L for industrial, harbor, and community seawater.

The seawater quality from the three consecutive sample sites (S1, S2, and S3) falls into these three distinct groups. S1,
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located near a small fisherman village with frequent fishing boat discharges, exhibited the highest TPH concentration. S2,
a tourist attraction beach with lesser discharges from recreational motor boats, had a lower TPH concentration. S3, a beach
with minimal human activity and predominantly oyster farming, showed the least TPH concentration. Notably, the TPH
concentration in S3 exceeded the limit for aquatic animal breeding, while the other two sample sites, remained within their

respective quality standard limits.

4. Conclusions

This study presents a spectrofluorometric approach for determining TPH levels in seawater. The method involves a
modification of the liquid-liquid extraction procedure outlined in the IOC standard method, achieved by reducing the volume
of both seawater sample and the solvent used for extraction. This reduction not only lowers the analysis costs due to reduced
solvent usage but also minimizes waste production. Moreover, working with smaller seawater sample volumes for extraction
and collection proves to be less cumbersome. This reduced scale method is environmentally friendly to conform to green
analytical chemistry [14]. Further work on a Collaborative Trials (CT) of this proposed method should be performed
involving an accredited quality assurance organization to validate this proposed method and potentially establish it as an

accepted standard [5], [15].
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Local gravity measurement by using the minimized period of rod pendulums

“angva anwad vaz “ayw Aenszna
"Iy una TuTagenueud ase Imnssumanitazma luTad yvininendsuesn-@ealni
> TI¥ NI S UAG 8na Az IAANs suMaauazma Ty Tad yinedouesn-Foaln
" Saichon Sithipong and *Bacha Koontragool
a Department of Automotive Technology, Faculty of Engineering and Technology, North-Chiang Mai University

= Department of Mechanical Engineering, Faculty of Engineering and Technology, North-Chiang Mai University

tsaif:-h0rl((_@nortllmn.ac:-.t_h, "pancha@northem.ac.th

Revised: July 15, 2024

Received: January 8, 2024

UNAAge Accepted: October 10, 2024

Ay v, @ 7 ' I =) a B ' == ]
‘luu'ﬂmmu l@]u"llﬁl!ﬂNﬂaﬂ‘ﬁﬁuﬁlﬂﬂTﬁﬂWﬂWﬂ’J"Ii]juilﬂ?NTIEJﬂﬂ‘L!Iﬂﬂi%gﬂ(ﬂﬂlﬁﬂﬂﬂﬂilﬂﬂﬂ?ﬂuHEJ

= 3| 3 1 = =2 3 Y ' Ha 1 o o '
1‘1’@!@]!1]1«!1]?%‘5?1'311]114“9’}\1 lﬂﬁl'ﬂ"l‘?iﬁﬂ'lelfl“lfgﬂﬂill,lfl’lQﬂﬂiﬁ’lijﬂ’ﬂNEJ"I’J!.I.‘ﬂﬂ‘ﬂNﬂHiﬂU’H—! 5 UN IA69d
e

o v 24y v ' @ @ o = s W d
fﬂumuma‘ﬁmu‘gﬂ 18039’43” N LLazﬂgﬂﬁzﬂ'ﬂﬂ'Tluqﬂ 300 m AMSL Nam"l'ﬁmﬂm‘iﬁﬂmmmﬂﬂﬁmu’n

¥ - ' v . ¥y A ¥ oyaia 0 H ¥
Iﬂﬂcl%T11§'ﬂﬂL’Ja1€1uﬂ7§lLﬂ?QGUﬂ\'lgﬂﬂilﬂﬂlugu 100 381 Tﬂﬂiqﬂlilﬁilﬂu liJLﬂu 20 PTIUIU 12 41 i]zhlﬂﬂ1ﬂ37ﬂ

Y vy A o o ' 1 @ i = 2 s '
quﬂ')\ﬂ'lﬂQﬂu’ﬂ’]ﬂﬂ’]ﬁﬂﬂﬂE]\1@]’Jﬂgﬂ@!ﬂ!lﬂﬂ!ﬁ"lQﬂﬁuﬁﬁﬂ1ﬂu@ﬂﬁﬁﬂ!ﬂu 9.800 i 0.008 m/s lﬂﬂﬁﬂ1ﬂ]1ﬂ

q

AAAAABDUINEUALAIAILIN 9.7847 m/s” UT=11D 0.2 %

s

= @ ¥ s W v ' Ha ¥ 4
Taify: 'ﬂ’]ﬁ')ﬂﬂ'ﬂi]jﬂijﬂ?]ﬁ, yIaIfnIy l‘L!ilﬂ'N, Qﬂ‘ﬁj‘lll,!llfl.lLL‘i"NﬂﬂiJ“r’liJﬂ"l‘]JuﬂﬁJﬂqﬂ

o

T

Abstract
In this paper, the results of determination of the local gravity by using the minimized period rod
pendulums as the gravimeter have been presented. The studying used five rod pendulums of different lengths and
test at a location that has the latitude of 18°39°43>> N and elevation of 300 meters above MSL. Results from this
study indicated that, by 12 trials of timing of 100 oscillation cycles of the rod pendulums with the initial angular
amplitude less than 20, the experimental local gravity obtained from the minimized period rod pendulum was 9.800

+0.008 mv/s”. Compared with the calculated local gravity, 9.7847 mf'sz? the error was 0.2 %, approximately.

Keywords: Gravity measurement, Gravimeter, Minimized period of rod pendulum
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nmsnaassiin1die aunseaadedinanaredisussgnduediaiisuaznadnsnisma s Idudniinnningeie
ar 1 = = o 2 2’:.
14 [4] M3dura1 lunsmIAIY (Oscillation period) ¥94M15UNIAgNAUNLTILS 10 59U UAzINF1 5 ATI N15NAADY
o . kY 2 o_q ¥ o el Yau 1 & v & ﬂ ¥
Suouhdnudesivazinlinaansi ldndmandougs [s] vazlumsmannuaannaeu Ewon duiesas
= = a1 ' = ] ' = =
ndeufseuiieudumnnuTdudiunasgu g, unuivzduman dudioiosdn o anmiinaass
¥ ] (] [ '
Tupnaneiiazihaueismsmmany Idudistesduifienss Iismsnaassficunsamnldie dases
=l ] = '
naassii hidudeu simgnuazadvldieslasldgnduilsznounuuurianan (Rod pendulum) dluanasanu il
5 o Lk E Lo 4
(Gravimeter) H33iM3N52101IA08 NN UTUBLAZVUIAAWEIAAHAUIY 5 UHBIINITNAABIATIT

or

3 '
agszasdvesunanuiideansieueiimsnaassnmany Idudntesdunazuoudisuivaninms

]

==t a

fudw Aae3sms Mmuadunisesyasesi v idugnduurianandifiaiesiiga (Minimized period) tazHadns

MInAanIdelimaamAnan (Error) 91nAA 118 T1itAu 0.5 %

2. VB UUAN NI
o ' [ ¥ 4w by ' == Y = 3 ¥ '
2.1 “r’l"lﬂﬁ‘ﬂﬂa'EN“r’l"Iﬂ"lﬂ’f]"IiJTl!lIE]’N‘I'Iﬂx'lﬂﬂﬂﬂﬂgﬂﬂijlm\'lﬂaiJ‘I'IiJﬂW‘]JHﬁJEJﬂEIﬂ IﬂEﬂ.“ﬁQﬂ@!ij 5 UNIAUY
1299.20 mm, 1350.50 mm, 1399.50 mm, 1450.36 mml!laiz 1500.00 mm

Y =

2.2 ufisuiisumanyTiludaaiesduninmsnaassiumsmnmmulndesimaamanasu linu 0.5 %
2.3 M3NAaBT & InIneIdouesn-Foalni o.m19a3 1ol fifidaediidus 1823934 N uaziiszdu
A713/g4 300 m AMSL
add @
3. NqEHNINIVBI
3.1 andaiszneuuuuiialy
= 1 ﬂ, é 1 qr o 1
fiarsangagudnalanisundawegnduisznauzlil 1 Faundauuszuiu X-Y 130 098 GAad s
o ¥ ¥ “ﬂ P 4 Y ¢ ¥
gudasvesgnalszney 14 1, lu Tusudanuiiesveniasouya O ldmsaugananamanizla:
>M = I,6=- mgxsin6
I,6+mgxsin6=0
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a = o 1= . = 1 = ar £
dmsunsulasudumiagayiios) sin0 =6 @inied rad) A
N mgx
0 +I—ge=0

0

[l
ar

y = or a g M = A = o= . 5
dladisuduiszansivgluvuvesaumsmsndeniivuuaiiuedndude, 6+00=0, 318
m
P )
IO

IO
mgx

uaziiauveansuniaily [6):

T=2n

@

e T Aomunansuniwesgngy, I e luwuanuEosve I8 uusz Il X-Y 7130 O uaz x Avszezna

MNAYANILIIIARUINAIIA

. me g mg
kY ar o s
314 1 gndntlsznevuyuinalyl 31 2 yagudnasmisunisvesgnduilszneu

£ 9

nnnguiunuu a'14:
— 2_ 2 2
I,=1,+mx’=mk_ + mx

o I, Ao Tauuda A egueaalatusz 1y X-Y 13A Guaz k& Aesadilaisdu (Radius of gyration) Ui

T-2m (kg /x+x) 3)
V g

i =t s 1 T A=; é =4 Al s s
Li’i@uﬁamﬂﬂunugﬂsi’mammmn L, aaiay T nﬂﬂunugﬂ@i’mﬂixﬂw 214 [71, [81:

L 2
T-2m =% 2n e /X +%) @
g g

o o . 3 ' o < 3 4
Tag LeqLﬂ‘uﬂ'naJEJn‘nﬁ‘uyaﬂugﬂﬁ’uafmﬂeu,mzmam'ﬁmﬁmmﬁ’Jimmﬂuilﬂ@gﬂqﬂ C Gﬁalﬁﬂmuﬂuqﬂ

= o
Tz XY “r’li]ﬂ G aAuUms (2) ?faﬂman]u:

g{uﬁnmaﬂmmia (Center of oscillation) 39130 O (A3 2) lae:
OC=L,=ke/x+x (5
& o g ¥ = ¥ 2 o & ' o
uazileaduliya C nﬂuqﬂwumugnqmﬂuqﬂ 0, 37 0 NznaaluyAgUINAINTLAIITELIA C IazLlaums (5)

Tyigidlu:

x*-L_x + k=0 (6)

=t 1

&5 yﬂ o o = " o =
"]J’\'lu],ﬂl, l!g1JLL°]J']_IﬁJ'E]\'lﬁi]ﬂ"lﬁﬂ"lﬁ\'lﬁ@ﬁ“f’liﬁ"lﬂﬂgﬁﬁlﬂﬂ"lﬂﬂ X, Az X, °luaﬂmux1’|;



48 NsmImamansuazmalulaginesesina
X, +X,= L @)
uag X;-X,= ki (8)

AMIENILT s eI A T Usze2119 X Ingagudnae lduansegluzili 3 dieldye o dlugauriuesiinny
| "o 4 o = == =
gnaeImiimMuINAY Ao GO, =X, uaz GO, =x, uazdieaduyauviniluga C faziidnaesnnuenassdiiiiay
(MU AD GC, =X, Uaz GC, =X,
14 o3 9a ¥ )
szezviavzih liliaudesiigaszmldnn:

iL - g(k;fx+x)=—ké;’xl+1=0
dx X

Hufe X=k,=X1_ )

2k
LAz T,=2n/—% (10)
g
Tag ki =I/m Awanailuzli4
32 35
3.0 9
2.8 3.0
264
:mf 2.4 4 : 254
2 22 3
& &
2.0 4 201
12460, =6C, =x, GO, = GC, =,
16 >~ G o) 15 T
4 ' min x=
-800 -500 -400 -200 -200 -100 O 100 200 300 400 500 GOO o 100 200 300 400 500 600
Distance x from C.G., (mm) Distance from CG, x, (mm)
317 3 T Auszeztine x 91ngagudd sifi 4 U T fuszeeriax =k, =x,  2n3Aguda N

3.2 andauuuuuianuuii

= =1 = ' v 2

finsangnduilsznevuuniiiiefigafiognduuuunia (Rod 30 stick #30 bar pendulum ATMHTNAR) Fauyu
Tudumisiigaguéaisegitannyasesuiluszezna x laq U0 5)

uNuA1 I, = mLY12 + mx” adluaums @) 1a:

2 2 2 2
T—or ml /12 + mx _ on L°/12+x an
U mgx U gX

51 5 gnduuuuus
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[
] =1

= al = LY = . 1] o a o ' 1o o 2
i]3I.‘ﬁuulﬂ'ﬂiuﬂﬁmﬁ]ﬂ\'lQﬂ?lijﬂi%ﬂ@ﬂgﬂllﬂﬂﬂﬁ’]ﬂﬂﬁﬂ fordluunianuduiniizninmmaiaosvesay (T)

3

] = = o ar =t 1 ] ] -3&‘ 1o 1 ' v a
Lilddlulgnaiuanuen L sifleudunsdivesgnduediaite udvzinediuszeziiie x szndegagudaaiuga

G4 3

a & o E o ) ¥ o U =t oy 1 kY 1 ]
sesfuunu Fohldnsihgndulsznevanldithunasarwdudsdinnududernnnignduediaie
snmasaeaums (11) udWaglaumsiiiona x 18:

. 2 2

5 T L

x? - x + =0 (].2}
g(_ZTrJ 1

=2 o @ Ao
"]J’\'ll.ﬂuﬁilﬂ1‘§ﬂ"IENET?Jﬂ“r’li]E'lJll‘]J‘]JiJ"l@]‘ig"luLﬂu:
ax’ +bx+c=0

)
UazIzYTIN RN

X

3
=t

vy
Tunsaisl a =1,b=-g[T/A2 )T, c = LY12, A3Uu:

_ dT/2RT +4/(eT/2mP) - 412 /12)
2
o ] - R = = et
msudaums 13) Sududesldawesg, Luaz T %‘m113m'i1f|Nﬂmrﬂmﬁrﬂ§1ummﬁﬁum§u"lﬁﬂmﬂn

(13)

==

m‘a1%ﬂﬁmmuﬁummmm‘lummammimmuﬂ“lmﬂuﬁm AoITduAy (Classical method) NU75 111
(Novel method)
siaudy Tildmsudanms (13) uanaandlasinuanl x ud1A 18 d i]1ﬂﬂ1111mwmgnﬁ’mnﬁﬁaﬁﬁmaﬁ
35 il 195 mamendiaeaa fdioudauns (13) L‘ﬁ;'ﬂﬂﬂﬂ’gjﬂTiﬁwhﬂ’ﬂijjﬁilihﬂu%u@iﬁlhlﬂ
°lumf|ﬂamf'jwmmuaﬁimiﬁwmiﬁwwuﬂﬁxﬂs X=Xp_ Géﬁ\uﬂuﬁxﬂs?‘l%ﬁﬂﬁﬁmﬂﬁﬂﬂﬁ @ (Minimized
period) Lﬁﬂaﬁﬁa’mﬁ&'ﬂ

finsanlunsgimmsed x duszezgazinliiinuiesia qn ¥ ﬁﬂmﬁ"lhlﬂi]"lﬂ

d L2112+x 12 +12x2
dx dx 12gx

xp, =LA12=1/23) (14)

5 ar ar 4 1 1 ar o
#lanadnimilounuaums ©)dieldgnduuriailuinasau Iduds Ysuaums o) du:

2%,
g=4n2[ T;’“”}

] (15)

' qq:%rq 3 ﬂ ¥ = Y =
Qﬂﬂiluﬂﬂiu?ﬁuﬁﬂﬂqﬂ'ﬂl U gnautNmumudaanga

i]xulﬁ:

dounuai 2x, =1/43, w4

E'_t]u| =

-2 L
7

' [l
=1

= 28 9 5 9= = ' Y 1 Y a4y R T PR V) Y ot
ﬁ]"lﬂfﬂ‘i’Jlﬂ‘i"l“’“r’lEIINﬁ‘H‘I’I11“(7lﬂﬂLl‘l«l’Jﬂﬂi‘Hﬂ?iﬁ?ﬂ?ﬂ]"ﬂliuuﬂ]ﬁ‘ﬂﬁ]ﬁﬂu g ﬂ'JEIﬁﬂﬂilLl‘ﬂ\‘l‘I’Illﬂ"l‘]JH'E]EJ‘I’Iﬁﬂhlﬂ 379 A9:

9
=1

L. LH'E]\'N]"Iﬂ'E]ﬁﬁ"Iﬁ’JH L i T,E.,, Aaan ﬂ1‘iﬂ"I‘IA'Jmﬁ"liﬂ'iE]“mhl@ﬁﬂEJ‘H1aﬂﬁ1]l!ﬂﬁﬂmﬂﬁﬂu@ﬂ‘ﬂﬁﬂﬁudu‘l’lﬁ 7313

#1AAYANUNN I.!Eﬂic]v‘UL’Ja1°rT1ﬂ"I‘]ﬂ‘uﬂ?'il.!ﬂ’f]\'lﬂilxﬁ"lijﬁﬂ“r‘f"lﬂ"l g hlﬂ INANUNIT (15) fio:
L

NER =




= g = =
50 ?!1‘riﬁ'liil‘ﬂ£l]ﬂ1ﬂ'ﬂ‘i!!ﬁ$!‘ﬂﬂi‘l—liﬁﬂ%ﬁlﬁﬂ?ﬂﬂ"lﬂ

' '
= 3 == =

' = 1 = =a .3 ' = o g = ] = a
witmanguijez 1da g Nidissnsaanismsil uadlumelfianiuunoezdulylliled F59du 1l 14den50A0ah

¥
Waes

2. hgnduunadiiimudesiiganatswiauazanuenaanauiy munsfiazunudrsunaniomainlums
UAINFURIAVITR 1 1§ g 1INANRABVDIBATIAIU L/ T2 f:
4n’

L
| 15
£ ‘\/5 [Tz.n }A‘_ (152)

=t gd.ﬂ o g ?: £ = 1 Ey = FUR) g =
IHMITUNADNITINAINIEN 1 t‘]f"l“r’la1ﬂﬂ'i\‘1TﬂﬂLﬂJ'iL“IJ'ﬂﬂuﬂ"Iﬂ'J"IiJEJ"I’JﬂJ'ENQﬂ@pJL!“U‘UL!“INi]ﬁ]gulﬂfn cNIBN 2N

' F
ADARABUDININAADINAIBATY

[l
|

o_ 1 2 o o ar = 1 ] o
3.1A1we4 (4n’ /3)L uaz T 91nnsnaasiues 13112mwu1]un§11~lm§1]116mgm"lﬁ’mﬂmmmwmm

Funs 1 Taease maiz:
4n? AL

g= \/5 — (15b)

'
==

£ @ 1 o et 1 = - ar ==
N3 ﬂ':]ﬁhlﬂﬁwlﬁﬁW'ﬁL“ﬂ’mﬂ]ﬁﬂ 2 L“r'l'i"lzLﬂuﬂ1'5‘ﬁ"ﬁnﬂﬂ1LﬂﬁEIL“rTMﬂuﬂuuﬂlﬂu?ﬁﬂ"lﬂﬂﬁ"lﬂ

(40%3%5)L =gT, . 2

@n’s L

T ?

min

[l
=1

517 6 Armd@iusznn @n? /43 L A T vesgnduuilsiiimuiiesiiga

E '
AUNANINAVMS (15), (152) uaz (15b) 1@ msmisinuTdud 19358 aeiidesiadiiesszey d inareues
] E
anAnuaDaaseasy 31N 7) uazanlunsuniwesgnduuiaudazanuer gy
éa‘r ) @ o ot ot et .a‘l et ot ﬂ 1 5 g [y dlu o o
TuunanuiezlianudAyAuisa 2 uaz 357 3 Wesnn 35 1 dludumilswesdsi 2 egud Wesnindeald
A TduatesdumanguiiiemsufFeufisuduaiil 1d0nnsnaaes smanuTdudrstesdunanguiee
A1 18918 UM International Gravity Formula 1967 figayiuinuuuaz 1¥inadnsusiud (9], [10]:

g(¢.h)=9.780 318 4 (1+5.3024 x 107 sin> ¢ - 5.9 x 10°sin” 2¢ ) -3.086 x 10° h (16)

4 H =t 1
e ¢ fie parnduazAzamagiisnans uas h fie szAvaganienmzmhunas, Hmisedu m AMSL

4. MIAUHUNS I
anuiiinmsneass o AndmnssumansiazmaluTad yinendonesn-Fealmi 0. vi1ane v.5eeln 3
fifmagiiidus 18°39°347N wazfiszAUAMIGT 300 m AMSL iounud ¢ uaz h vesaawiinaassasluauns
(16) faz 1dmanu Ty atesaudnnmsdunuas Jsuany Tiud81984 [10]:
g (18.66°,300 m) = 9.784 681 227 /s’ = 9.7847 m/s" =g,
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4.1 gilnsainaaes

'
=

& Y Y v ' o o
lﬂ'i'EN“I’I‘ﬂﬁ'E]\‘lll"I{‘]'iﬂTIiJj‘H1lﬂ?ﬁ1cﬁﬁﬁﬂﬂ1§6ﬂﬂﬁgﬂ@lmmQﬂﬁijl!ﬁxﬁgﬂﬂiﬂ! Llﬁﬂﬁﬂﬁgﬂ‘ﬂ 7-8:

e

NN

Pt

= 1 = Ed - Y Y ]
5UN 7 szezvisnimlarenagansuvesgndu 310 8 TnssainaganaaesgnAnLLLNg

] =] ] = 1 = ] ar ]
L. an 1]!.!“]J‘]Jl!°r’|ﬁﬁ%)ﬂlﬂi]’]ﬂL“r’laﬂLL‘l‘NLﬂﬁEJ'JI.ﬁHH"IHﬂHE‘I{ﬂﬁ"N 12 mm UANUETWANATNUY 5 LN 1%1‘1@]'@18%%‘“

e oD

= = = s 1 v oo = 4 4 ,
an Nlﬂhﬂﬁlﬂ"lﬂﬂﬁlﬂﬂﬂﬂ ﬂ?‘ﬁu‘ﬂ‘ixﬂxﬂﬂiﬂﬂﬂﬁ"lﬂﬁﬁi]ﬂﬁ'EN‘i‘]J ﬂ\‘lg‘ﬂ‘l’l 7 uazudad luasan 1 3ad i

P

nd=L2-x, lasx =Lf(2J§}m'ii’ﬂﬂumEmﬁumuﬁamﬁafl%’m'ﬂ*l"ﬂiamﬁﬁfimmﬁﬂﬂﬁqﬂ

(Least count) 1 mm $3nAunefiiemalulesiiiniazBeaiiqa 0.02 mm

[ ]

ar =1 ° = = =

FUAVUA (Knife-edge support) NMAAUUANRINVUIA 25.4 x 25.4 mm WU 1.5 mm UAIHE1I 80 mm futlu
= iy - e oo = = : 4 ar ] = ] = 1

I.ﬂE‘]EJ’JL%@N@]ﬂﬂﬂﬁulﬁﬁﬂﬂ"lﬂﬂi_]ﬂﬁ]"lsﬂxq LﬁﬂﬁLﬁammnuuwmmaamﬁ”sﬂmmmamammmmﬁaﬂmu
o E Y o = o v V2 o < & g o o =

I.‘Hﬁﬂﬂ"lﬂ“l]‘lnlhlﬂhlﬂ @Ng'ﬂ‘ﬂ 8 izl d’Jﬂi]Wﬂ1Jﬁ1EJ']_Iuﬁ]'ﬁ]ﬁ@ﬁﬂml‘l’lﬁﬂdﬁw,ﬁaﬂﬂ"lﬂ (ﬂfdlﬂ‘ui}ﬂiﬁ]ﬁﬁﬂ) AUAUURA

ar = 1 ] & 1o ar
ﬁ]3Qﬂ'i'E]\ﬁ°]Jﬁ”f]EJI.Wﬁ"Ilﬁﬁﬂﬂ]u"lﬂlﬁuﬂ"luﬂugﬂﬁﬂ 10 mm ﬁf]ﬁ‘ﬂ@u"ﬁd‘gﬂﬁ]gﬂﬂjﬂﬁdﬁﬂﬁﬁﬂ
3. widunaiilmazeeaiiga 0.01 3w

[l
=1

Ms197 1 szazvienInanetaganyuvesgnduunisiiianidesiiga (Miedu mm)

L 1299.20 1350.50 1399.50 1450.36 1500.00
X 375.05 389.86 404.00 418.68 433.01
d 274.55 285.39 295.75 306.50 316.99

4.2 Iinaaes

a 1 = 1o = [ = a o
L. gnduuiausniiens 1299.20 mm inldduaniialiedinnnnimedusze: 274.55 mm udnhgnduuniai

G4 3

Taguaniiaudlinauumansesdy (Support shaft)

ar 1 o 1 = = L=y = iy
ugnduurialfiunesnandumisaugaadia (Static equilibrium) (s Taifiu 2 9arnanunn@s Wie 1vins

3

[ ]

nAaelys Small oscillation tilaanMs &y N34 ﬁ%uﬁaﬁ’mﬁ"uq finandasensuon mntusaldos
anduuialiundaldededas: atuaumauniwesgnduliegluuuszunuluuiais funamsunied 100
501 udnatufinnm Tanhd e 12 A

3. wlAsuilugnduuisiien 1350.50 mm wazivszesiesen elmesuduanfiaiiu 28539 mm udmasesd

£ LY = 2’, ] 3) ar =
AMUTUADUDAADNIINIULETINTNAAD ﬂﬁﬂﬂﬁﬁ’ulﬂﬂ hlﬁal?ﬂin\! amivuen \‘lLLﬁﬂﬁhlﬂu@]Ti TN 2



= g = =
32 ?!1‘riﬁ'liil‘ﬂﬂ]ﬂ1ﬂ'ﬂ‘§!!ﬁ$!‘ﬂﬂi‘l—liﬁﬂ%ﬁlﬁﬂ?ﬂﬂ"lﬂ

5. Han15I8

HamsnaaeIAaINsuniesgnauiimuesiiga fflviiannueuand1eiy 5 una uaziIuseuns

1 ?‘: g:’
N33 100 59U NAADIFT 12 A%

M1 2 desjavesgnduurisnauiiimuiesiiga

2 nanlunsundansy 100 5eU (100T,, ) innwenmaes

e 1299.20 1350.50 1399.50 1450.36 1500.00
1 173.91 177.28 180.50 183.75 186.72
2 173.78 177.35 180.37 183.72 186.78
3 173.85 177.13 180.31 183.66 186.69
4 173.88 177.43 180.59 183.66 186.75
5 173.84 177.25 180.59 183.78 186.68
6 173.78 177.16 180.50 183.62 186.66
7 173.81 177.13 180.47 183.81 186.62
8 173.82 177.36 180.54 183.69 186.72
9 173.84 177.31 180.44 183.69 186.63
10 173.75 177.06 180.44 183.65 186.78
11 173.80 177.16 180.50 183.78 186.69
12 173.79 177.16 180.56 183.69 186.59

@ae 173.82 177.23 180.48 183.71 186.69

'
=

dio'ldnamsnaassninanudniuivesnnuenvesgnduuisnauiiiimuilseiiganunarlunisunds aunse

a o 1 Y 1 Y = a 1 3 LY -
uﬂﬂﬂ?u’m‘!ﬁ"lﬂ"lﬂTlllj‘Hlli]’N“r’l’ﬂﬁﬂuﬁlﬂﬂgﬂﬂﬂﬂﬂu&lﬂ@ﬂﬁ‘] hlﬂﬂaﬁ“r‘i‘ﬁﬂﬁ@l"li"lxﬂ'l 3

=t L =

M3139 3 padnsvosgnduurianauiiiimuiesiiga

L (m) (AT3)L (m) T, () @TCAR")LT,,  (/s”)
1.29920 29.6125 3.0214 9.801 024
1.35050 30.7818 3.1411 9.799 661
1.39950 31.8986 3.2575 9.792 505
1.45035 33.0576 3.3749 9.795 220
1.50000 34.1893 3.4854 9.809 269

@iy 9.7995

e

o 2

Hadnsnsnaasvegnduuianaufifinniesiiga lduaas13lua1s1ei 3 Taslivuaoumsmuiudsil:

1 ar o

11A381Iv83gnANLNI9 A5 199 2 nTdluaediiusn qudie 4103 udrldnadns 13 luasduiii 2

' ] ' v
o @ e = 3 = ¥ 3 o_ o v g
AU Tmm2 luneduiin 3 laswisauaasy (Lli]')fjﬂ‘l’l"lﬂﬂ]ﬁ]dﬂ"lﬁ']ﬁ‘lﬂ 2) @738 100 LLAENNIAIADI DINUUAIUIUN

2

A1eas1aIn @ RLT, Tuasduiii 4 Tasvinsneauiinasidleasdinifiary udmnaaasvessaidiu

@URLT, 2 18 (@3, M, = 9.799 536 m/s = 9.7995 m/s’= g, Asgilii 9
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kL
Minimized period rod pendulum
34 4
33 4
|
F
o 32
S
a1 4 (40%73°%)L=9.799 536(T_ )’
30 4
29 ; : : : - :
29 3.0 31 32 33 34 35 36

(Tmin)2
Gi ar  a o il 2 ~05 ar 2 Ed 1 == £y =
E‘I.ITI 9 ANUANNUTIZHIN UTT/3)L AU T, VAIGNAULINNAUNUMUUDENGR

' '
Y a o oo ]

Y o_ 1 5 as = S
IGHAEREGH (4?52;"30'))1, nuy Tmz INA1T NN 3 "]ﬂlﬂu¥4ﬂﬂ1'§ﬂﬂﬂ§]ﬁm@\1§ﬂ@]ﬂ‘l‘1ﬂ]11]51'Jﬁﬂﬁﬂuﬂu 5UN3 N

q

wisaunsmliinaasnnudusiuisz i @3> v Tmlﬁi]x"lﬁ’ﬂﬂwﬁumﬁugﬂﬁ 9 31A1AUFUUD
dunshily @3 ALAT,? =9.7997 mis’ =g 5?‘%\1rﬂuﬂ'wm‘tﬁ;fura¢1Tﬁ’ud:}aﬁmﬁmmgﬂﬁj’mmanamﬁﬂﬂm
ﬁaﬂﬁqﬂmmuﬂmmangﬂﬁ’m NI ANNAUNT 15(a) Az 15(b) azmsnaeansl Taewu Ja1e19a1n
fwea g, tise 0.002% dniumam Tiudaateduildnnamasluaisied 3 fusanudulugui o Sefis
s Tasdszanandu:

—_— 2 —
€6r=8ar = 9.8 m/s” = g

Exp

TaglimANuAaIAMAo LI INA AU,
gey = 9.7847 my/s’

%Error = ABS (9.8 /9.7847 - 1)100 = 0.1564 ¥301/523184 0.2%

3 :
lumsnaasstinnuaaiamaouiian iyiJﬁWm?ﬂﬁi]"lﬂﬂﬁ’Jﬂﬂ?]"IiJEJ"I'Jﬁllﬁ]\'lQﬂ?TiJLm\'ll.!ﬁxﬂ"lﬁi]‘]Jl’mﬂuﬂTi“rT"l

AMVUBINTUN T

[l
==t oo

ar ar = ar ] = = = o o 1
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Abstract
This research presents the design and create of a voltage divider utilizing vacuum- insulated capacitors
for measuring peak voltages up to 200 kilovolts. The divider achieves a voltage reduction ratio of 1000:1 by
employing polypropylene film sub-capacitors, which are capable of withstanding high voltages and temperatures.
In the high-voltage section, sub-capacitors with a nominal value of 47 nanofarads are connected in series to provide

a total capacitance of 97.91 picofarads. This assembly is encapsulated in a thick-walled PVC cylindrical housing
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and insulated using a vacuum. The low-voltage section uses the same type of sub-capacitors connected in parallel,
resulting in a total capacitance of 97.92 nanofarads. The design and testing comply with the IEC 60060-2 (2010)
standard.

Experimental results demonstrated that simulations using Matlab/ Simulink software, with an input
voltage of 200 kilovolts and an output voltage of 200 volts, were consistent with the designed 1000: 1 voltage
reduction ratio. This configuration was then used for actual high-voltage AC measurements in a high-voltage
electrical laboratory. Comparative measurements at a voltage level of 100 kVrms showed a deviation from the
standard of 0.000594, with measured values differing from the reference system by no more than +1. Consequently,

the designed and constructed voltage divider meets the specified standards.

Keywords: voltage divider, capacitors, measurements, vacuum-insulated
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Abstract

The purpose of this research is to develop a prototype communication system using the CNR 900 military radio
model to enhance digital data transmission channels utilizing Radio Over Internet Protocol (RoIP). This system integrates
with the mobile radio system of armored vehicles in the Black Panther Battalion's EF-ARMY, allowing for command and
control operations in disaster-stricken or hard-to-reach areas by extending the communication range through radio relay
stations. The research involves directly converting Digital Encrypted Voice signals with the CNR 900 military radio set and
interfacing it with a Raspberry Pi4 microprocessor. The voice signals are then filtered using CMOS Wideband technology
to connect to the internal telephone system of the army. Additionally, the RolP system is connected to the internal Internet
network through a Private Server on a Linux operating system. Testing is conducted using Morse code transmission programs
to assess the accuracy of the radio voice signals passed through the prototype. The results demonstrate accurate transmission
and decoding of Thai and English alphabets and numerals, with every word decoded correctly. Furthermore, the Signal to
Noise Ratio (SNR) is measured to evaluate the quality of the radio voice signals connected to the telephone set, with values

exceeding 25 dBm, indicating suitable support for voice signal transmission through the prototype system.

Keywords: Radio Over Internet Protocol, CNR 900 Military Radio
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-4 0.990.49 209.19 0.99604 11.52 25.18176882
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Abstract

The purposes of this research include: to invent an equipment set and to produce a protocol for generating
Hypochlorous acid (HOCI) solution from electrochemical reaction by using electrolysis of Sodium chloride solution
(NaCl) to obtain HOCI solution, which is effective in disinfection for using in Chulachomklao Royal Military
Academy (CRMA). A researcher has invented equipment set, a tank capacity of 12 liters, providing easily available
and low-cost materials, tools, and substances, including qualitative and quantitative analysis of HOCI solution, and
has produced a suitable formula to use as protocol for this equipment set. The results of the research found that
using a formula of the starting solution, which is (1) tap water produced by CRMA, 10 liters (2) NaCl 1%w/v and
(3) vinegar (5% Acetic acid) 0.3%v/v and then provide current of 12V, 5A DC at least 35 minutes to obtain HOC1
solution. The HOCI solution has an approximately available chlorine concentration (ACC) of 200 ppm at pH 4.51,
which this pH-value has found to be all the HOCI species or one hundred percentage of available chlorine
concentration (100%ACC). Oxidation-reduction potential (ORP) is +934 mV, which is effective enough to disinfect.

Therefore, this invented equipment set with the protocol for generating HOCI solution can be practical.
Keywords: to Invent an Equipment Set, Disinfection, Hypochlorous Acid, Electrolysis, Sodium Chloride
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ARDINAINA(58n 1 AADIUTIA19Y (Available chlorine, AC) wazyinlFlumsmiSinaanududy azGenh

[l
== [}

anududu aas3uiiiiA10g (Available chlorine concentration, ACC; 3a 111i38 ppm) [22]

= = | = & o %: & EY
Eﬂﬂﬂ@iuﬂuﬂ188m93 Cl, i]xl;_]ﬂhlaiﬂ'iu]:ﬁc‘]fﬂEﬂ35'3@[5'3Llﬂ$£ﬂ§]ﬂﬁijﬂwim1ﬂu7 Wad319 HOCL HCI Uaz

o9

EY
o =

OCT @3a@unsf (1) uaz (2) A9l
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Cl2(g) + H20(1) 5 HOCl(aq) + HCl(aq) )
HOCl(aq) <= H (aq) + OCI (aq) Q)

Ansfiaunadimsvlfiseluszouvesnassudasziiquugll 25 ssrngadod vz 1dnsmluans
ar s 1 =4 = =i q‘:! ) ) 1 - :;é’ o )
Anmdniutiznindesazvesnasiudasz lugilvesnasiuiiiiaied 1dun L, HOCl uaz ocT MVuAvA1 pH T

S Y J
asazateiidluh awgii 1 v, [22]
' E '
Aaesuiiaegluzl cl, HoCl uaz ocr” luszuuvesnassiudasznanuanuglil 1 v. :zi15inn

'
=1

=4 !ﬂrq U T 1 A%’ 1 o Al 2’)
%’E)emxﬁumm111L6|?’116|?’ummumlﬂ1ag (%ACC) °l.u|.maxgﬂmﬂ1i’aﬂ Yuednua pH Tuszuuvmeil fie (1) 1l pH 904

[l
=t

mMsazane < 1 Aassuiliimegizedluzlves ci, Wara UazAz3xMEdUIMA (2) 7l pH 1-4 Aagufilid10gazey
Tugzi) ¢, uaz HOC1 Hawnu (3) i pH Tu$134-5.33 ﬂaa?uﬁﬁﬁwag:axagiiugﬂ HOCI 1*|£aﬁm @) i pH 11714 5.33-9
AaeTufiliA 101081131 HOCI uaz OCT HaufL uaz (5) i pH>9 utl AaeTufiTiAegazaglugd ocr v [s]
4.3 Yszansmmlumsanivelsnvasmsazaansalalnaeda
ﬂﬂﬁ‘aﬁﬁwa@i'E)1J3sﬁ‘ﬂ%mw°luﬂ1iﬂu'u§a‘[§ﬂmmmﬁaxmaﬂm“lﬂﬂﬂaa'%‘ﬁ Taud (1) Aanueedng
Y03M3509nF 1AF-7353A24 (Oxidation-reduction potential, ORP; 1111 281T 1 mV), (2) A1 ACC luzy HOC1 1A (3) A1 pH
fiwends seacc lugil Hocl
Tastlaseues pl luszuuansazaeanmg i 14, fifiniu T seacc luzilHOCI Wavisie 192981 pH 4-5.33

é =4 ar 1 1 ar i 1 q‘ 3 =4 1
Faiinalasnsaiua ORP ltazf1 ACC ¥o3ansazaenia laldnassa o1 pH taAu > 5.33 3ziinaliiA1 ORP uax

[
1 =

. Fl
A1 ACC afad Llaztilanl pH UA1aAaY < 5.33 i]xﬁﬂﬁﬂ"lﬁlﬁuﬁ?u?uﬂ]ﬁ]u%ﬁ]j‘iﬂaﬂﬁd ﬁ\‘lﬂﬁﬂ@ﬂﬁl%imlﬂﬂiﬁ%@d

v

o £y o .g = 1 1 = ar g o = Ey = Y =
Hf'E]T'iﬂLla3‘ﬂ7El“rTL“]faﬁﬂ@ﬁLsﬁﬂiiﬂﬂqlﬂBﬁ1iﬂquﬂaﬁ]ﬁugﬂﬂﬂﬂﬂiﬂﬁlﬂﬁﬂ%aiﬂﬂﬁﬂiﬁﬂﬂﬁ]ﬂﬂﬂﬁu“ﬂiﬂ"]ﬁ]lalﬂﬂ'inm

4 9 = 1

wamwaﬁmmx%miiﬂ uazadveyyadaszvasasngylansenda (Hydroxyl radicals) 09011 HuMsAalfisen
B@ﬂ@tﬂ%’uﬁaﬁummﬁmax?’iaﬁumaﬁuatha%a‘hﬂ"lﬁ’ [23-25] aanAN13u&a #1 pH fid1 UazA1 ORP figves
ﬂ‘iﬂhleﬂ1JﬂaﬁJ“fﬁi]xLﬁ%uﬁ]‘ﬂ%ﬁu1umﬂhl%Eﬂﬁﬂ Iaiz 1A ORP ilf < +848 mV ﬂx%ﬂﬁqm%iumﬁ“ﬁﬂ%@hﬂ [4]
4.4 yagnsaimdamsazaransalalinae’a
lunsissAugynaUnsaindamsazatonsalallnaesafils:Augiuldios Usznoudroesduszneu
néndmiumalszAuiyaginsalndauazazBeanuzlii 2 n. aail

441 unasWinszua Thih duginsalsfauladlyivhonlihnszuaady ac) dunszuanss 00)

442 T80 Tnan m‘?’q14“mﬁsuﬁ"lvlﬁmwiuﬁnaxmﬂ Tadonlduniauns 196 (eraphite) diaandl
dod a0 i hiiIAA ninan s1gn e ldi fvaunanaduigudnanuaza e uasnumude
asazaneuazAn pH uadeide fie uliz uantinldde uazvn ldsuanuderanani eununu len lnilla

4.43 degilnsainan Lﬁ'aﬂ1%’%11ﬂﬁ'dwmﬁﬁﬂﬁlﬂumwxmam% Fanudearmfounay pH uazannsa
126283 lagda lidene
4.4.4 gunsaiaw 9 wu el advsuaBiEnInse dudu aaensu wiesiesensuiiuaminld

Usznouyaginsal

o = =
3. MIAUUUNITIVEY

o ¢ = I Y a ¢ ¢
5.1 'Jﬁﬁ]i;].‘l.lﬂ‘im ﬂ']‘i!ﬂmmx!ﬂ‘if’)ﬂuﬂﬁ]ﬁ‘iﬂﬂ‘j3ﬂﬂﬁ‘ljﬂﬂﬂﬂ‘j'Il!.

a

ar

s ' = d'u = :; =; £ = -g
'Jﬁﬁ]Er]'“ljﬂﬁﬂJ.fﬂ'ilﬂijl!ﬁxlﬂﬁﬂﬂij@ﬂmﬂ'ﬁjﬁldﬂ 4
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88 ?!1‘riﬁ'liil‘ﬂﬂ]ﬂ1ﬂ'ﬂ‘§!!ﬁ$!‘ﬂﬂi‘l—liﬁﬂ%ﬁlﬁﬂ?ﬂﬂ"lﬂ

.2)

Input: AC
QOutput: DC

1. unadlsinszualiiia

2. w7aiantnsn (wisunsluld)
- | a
3. MLATRIHER

4. qﬂnmiﬁ'u q

4.1 douvsznauluynguninl
4.1.1 awlwii
4.1.2 adUsutadiininsn \
4.2 wiasiledmiulssnovymgunsol -

(M) )

gﬂﬁ 2 () aaﬁﬂisna‘u'ﬁﬁ'ﬂmaaFl;rﬂq‘ﬂﬂinimﬁmmiasmﬂmﬂ“lﬂﬂﬂaa%'ﬁ
3 o
= 1 ] @ oo
) gUnsaluazFudiu: v.1) vifourlaqlvivh, v.2) unsuns 1d @8i@nTnsa,
o ¥ o - - e e L oaa
v.3) 6431 PET 911A3ANNY 12 AT LAz V.4) aathhnaszd (@alduaaadninia)

5.1.1 ginsaluaziasesiledmivlsznevyaginsal
1) unas Winszua T 19stou)as’llsh Input: 110~240V AC; Output: 12V, 5A DC, 3141 2 2.1
2) 1aatan Insa 1Funiauns Td e 30 wudmas durhgudnats 8 iaawas, 311 2 v.2

[l
=1

3) faunaunan Sanaradn PET (Polyethylene Terephthalate) YU1ADIAINY 12 @3, 3UN 2.3
4) @Uﬂiﬂ?guq wie1&du 2 Yszan de (1) Uszmdnsznenlugagilnsal dun adtihn
SEPItit (ﬂﬁﬂﬁ'ﬂﬂ%ﬁﬁﬂimﬂ) Y119 55 Taawas Feimiisausiauns 1, 31J°'F“| 2 9.4; mallhvinaane sl
22AWG (2 x 0.3 13 13iaawas), 50350 1l 300V, 7A; ﬁawﬂﬂqumﬂ"lﬂﬁw uaz (2) Uszianatesilod iy
dsznow yaginsal 18ud iwiesiedaiilFaudndialyl wu dhnnmiand AusuasTaldh Audaas T luag
udu
5.12 maadl dwmsuasnii e endumsazared udunowiiisn S 3 ¥iia 18un
%)) vlsz1 ad and.s.01s. (2) 1n@® NaCl (mﬂ%mmﬁmmmm uaz (3) ‘*51’31Jﬁ1ﬂ”§ (5%v/v NSALDTAN)
(mﬂ?mmﬁmmxﬁu) $a1$aﬁuﬂﬂxwﬁmﬂumiasmﬂ 10 aR3 mnmumﬁ'&ﬁmmqﬁa 12 aR3
5.1.3 m‘%?aaflaﬁ‘wﬁ%’ﬂmﬁﬂ3:1iﬁmi1xﬁLﬂT5aﬂmﬂ1wuaxLﬂTﬁﬂ‘%u1m
1) m?mﬁafi”??r?ﬂmsmaaﬁauﬁ“ﬁpH"lﬁ’uﬁ (1) wissfiewiimeiuuuinm (Pen Type pH
meter) [AMT03 AMTAST® pH/ORP METER, Neonics] 193a81 pH iduunumnimn ldnudeuaziianuuivaluszdu

'
= 1

fiuyedie wdlisM1g3 uaz (2) N3zA1IAANLEY (pH-Indicator strip) pH 0-14 Universal indicator [Mqunat®, Merck]
14#3an1 pH 1¥udeuazsia liune ud¥1amsia pH $1iafivsas 1 pH[18]
4 o o ' ¥ 1 A ot &
2) ipsevuad s umsasaae U1 ORP laun tniealee1siidimesuuulinni (Pen Type ORP
o & o = [
meter) [AMT03 AMTAST® pH/ORP METER, Neonics] 191af1 ORP tifaasdviamstiadluiingdn Ins laduvunsa
1] v H M = ar H = = 1 = o o o

¥W1NA1 ORP > +848 mV a1un3ndu¥e 13a'ld [4] Tasldiasaadednuaiasiiteximasinuuihnm uanlasuiiailu
ORP Aou 14 [3,8,18]
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] P o P ' ' 3 3
3) iseviadmsumsasaevlsinanass uilua1eg as1aeLaA1 ACC Tuzl) HOCI Fauny
A1 pH 311n3UH 1 0. 1010 4.2 FIBUDUNATDVAADITULUUNTZAIY 1AUA (1) LDUNATOUAABTY (USA.) (Chlorine
Test strip) [WaterWorks ", Free Chlorine Check Ultra High, ITS, USA.] 7Afl1 ACC 521714 0-750 ppm 1@z (2) Loy
NATDUAADI U (China) (Chlorine Test paper strip) [HANGZHOU SPECIAL PAPER INDUSTRY CO..LTD (NEWSTAR),
China] 1Af1 ACC 0-2,000 ppm [18]
=5 ﬂ; =) (7]
5.2 msAngasitmnzanlumsnanmsazaensalaliaaesa
y =4 q‘ s o o ar 1 1 Al
5.2.1 $1szahenans wil ana.ss.a1ls. Alddudiiazais 117013 3061 pH, A1 ACC tazA1 ORP
MMUEIRY HazufinHanINAana
a & =gy 1l . =
522 mvuatinaveandan ¥ Usuaunae NaCl 1%w/y @11911738989 Sukwaree LiazANz [16] 1A
¥ 1 2 = = ar q a da %: T
THi1iin 100 n§y derilszihnfiings 10 @as uazdvasllnduas esmdaiifimniszihed auldindeazasauriug
o
11NN IAAT pH, A1 ACC 1azA1 ORP mMUdIAL tazliufinnansnaass
g - : o ' H
5.2.3 AnufSmanhdvaeyild vielmiluiivsles lumsaruaue p Tuszuu Taslfhduaey
(5%v/v N3ALDTAN) U311A35 10 aaans (0.1%v/v), 20 aaans (0.2%v/v), 30 Iadans (0.3%v/v) uaz 40 iaaans
" ¥
(0.4%v/v) AUE1A Y muaa"lﬂiwgﬂqﬂﬂmiwammmﬁ azanainde NaCl aumsazane iy 11niurimsias pH,
1 ACC tazf1 ORP MudIAY ABUIMINAaD (WA 0) uazizvihamanaass (IWnszualylih) finar 5 i,
10 119, 15 W9, 20 1A, 25 W1H, 30 WA, 35 WIF LAz 40 W1H IUATY LaziuTinHaMINAADa
¥ ¥ - -
524 @endinanhduaezainde 523 mdmualfinavenhduamerilFlumsesouasazane
- ¥ o 1 ¥ - ¥
uazihmsanedTinande Nacl 711 Tasldimiin 50 n5u deiilsz1h1f51nas 10 883 (0.5%wn), Hniin 100
Y = = ¥, v a1 ¥ = = -
n51 ao11sz1f51nas 10 8as (1%wa) wazimdn 200 N5 Aelsz1151as 10 aas Q%wr) Tasaunae
4 a4 a 2 = LA P ] '
Nacl adldludunsesndaiidmndumeyiidon1iainds 523 aamiuiinisdad pH, A1 ACC uazd1 ORP
MUY neuIMINAaRs (NdH 0) tazszrnaminaasd (Inszualylih) a1 5 1@, 10 wI#, 15 117, 20 Wi,
25 117, 30 W19, 35 ¥1A LAz 40 V1A WAV LazliuNNHANINAADS
o = S Y = & = o & = o
5.2.5 mamsnend Idindnszingasimnzaudmivyaginsainaamsazatensa lalaaeia
1311A35 10 aA5

6. HAN15IVY

g d =

6.1 msilszAudyaginsamanmsazarensalalinasia

a

¥ a o ¢ a o
6.1.1. MynnuAuNuMsszAv§yaginssindnarsazarensalaliaaeia

!

dunumsraderievesyagnsalndnmsazaensalalnasiais:aviiulfeauas
m"'%aaﬁaﬁm%’umﬁm1iﬁm'i13ﬁLGTNqmﬂTwuaxLGTNﬂ?mm!maamiaxmﬂﬂiﬂ“laiﬂﬂaa%'ﬁ annsamde Idiouas
ﬁ’u'qur.s%wr»immif‘%’qﬂ%@'mn%’mﬁ’mau“laﬂﬁmazumlaﬂwﬁm%’u 15U Shopee 38 Lazada tudu dmsusial
yagUnsaindnmsazatsnsalaliaassadiimas 10 3z MnumIadaiinngiis 12 das de 1 yaginsal ogfisian
sz 960.00 U Taglaiswglnsalintesilons s zsiuaza s s1wazBeaaamssd 1

.;( =1 = =1 St = o o
WenlfsumsuvinalimaslumsassuasazansiaziavesyagdnsaiilszAngnuya

k]

b

. 1 N = ?: 1 3 = o - aa
qﬂmtﬁwmw“lmﬁ”mmm 18un (1) 13 eanaainenside HOCI uuunnm, Aastond [12] Yinas 350 iadans 7
311911118 3,578.00 LN LAz (2) NEW Hypo 7.5 Hypochlorous Acid Generator [14] 1331a3 7.5 @5 5131w

Al ﬂf = 3 =4 1 03.) =t
66,000.00.- UM (US$ 2,200.00) nuhyagnsaifitlszaugunldedianuduamadinaslumssisonansazasuas
al = o d'u = ar .=; o ] LY 1 n{-=;=u o
NMAuNUMIYszavs denlisumeuiulimasuaznmiidmingnnaiedvesyaglnsainivielunenaia



= g = =
90 ’]1‘iﬁ’li’]‘ﬂﬂ"lﬂﬁfﬁ‘ilmzmﬂiﬂiﬁﬂu1ﬂﬁﬂf’)’lﬂ1ﬂ

6.1.2 5’14ﬁEmms1Jixﬁyﬁﬂq‘ﬂﬂiniwﬁmmiazmﬂmﬂ"lﬂﬂﬂaa%'ﬁ
D M3MsunToanan mnﬁauﬁmwmmﬁ'&ﬁw PET YU1A09A13Y 12 AA3 mn&ummﬁﬂ
suaitemzyosdminldunauns 1vld (a‘?’ﬁaﬁn‘lmﬂ) $1u9% 4 F09 FuTnaTuRg U IndTuTing: uds
AsPABUVAYRITRIBNAS I auns T s lddaly éned Tainas Iveananauiuly angUd 3 a1

wiatoaru lilunauns ldudazunsdufiaiy malvihdalwssznamsnanasazatensalaliaasda

- 9/ 1 1 o a o a Pl =g W & 4 = o
AN 1 31@1{5]'Lﬁ;lu@]'ﬂ'ﬂu’Jﬂfﬁﬁﬁﬂ?ﬁﬂq‘ﬂﬂimuﬁmﬂiﬁ]ﬂﬂﬁ] 13N 19 uazAieedion13AI AT

arn W3 Wiy | 1| 51 HINYITR
ann)
d 4 .

1. Yaqgaunsauazinsesile

1.1 witeudaalyiih [Input: 110~240V AC; e 1 275.00

Output: 12V, 5A DC]
' Y o 1

12 unwnsid fl 2 250.00

13 dawana@n PET (12 An3) Ty 1 220,00 | 14934 10 @3

14 adhhneszd i 4 48.00

15 el FUALIAT 50 2.00 | €17 10 A3

16  vevianguaylvlsh FUALIAT 25 5.00 | ¥1351A3

1.7 sesiledmivdsznauyagilnial _ 100.00 | AAIRABFD 10 YA
2. a15iAdl

21 ndelwAeunanlsd 0 1 30.00 | 1ilanin

22 ihdumey 1R 1 30.00 | 700 fiadans

¥ 1 g
23 sz ssals. _ 0.00 | ihwndnaw

saniluity | 960.00 | swlaelszanm

A =}
3. ginsalnesilonsnimazs

31 iwiesiioviimed/ Teariiimaiuuy 1A 1 750000 | uldsusiaiald
11nA1 [AMTO03 AMTAST" pH/ORP (pPH/ORP Probe)
METER, Neonics]

32 n3zenwiadditey nand 1 400.00 | 100 uriv
pH 0-14 Universal indicator [MQunat",

Merck]
33 UDUNANOUAADTH (USA.) 79 1 800.00 | 50 ufiu

[WaterWorks™ ", Free Chlorine Check
Ultra High, ITS, USA.] 0-750 ppm

34 UAUNAFDUAADI U (China) fau 1 40.00 | 10 A3
[HANGZHOU SPECIAL PAPER
INDUSTRY CO..LTD (NEWSTAR),
China] 0-2,000 ppm

2y mstumas 1nszua Iiuasisuiasdn Insa dmideudaslilih amaslinszualiih
fildFnuauna Input: 110~240V AC; Output: 12V, 5A DC yhnsdiunlasudarsvesans lilhvesneutlas
Tednaw ml.ﬁ"‘]'muﬁ’mﬁﬂmﬂﬁm’f(ﬂﬁﬂ ﬁ'ﬂﬂ%ﬁﬁﬂimﬂ) Tasdoudouasllbiusn 1 f ioeuderuaall
1hneszdsmdimIun 46 mngﬂffi 3n.2 me'l%’“riwﬂﬂqumﬂ“lvl'ﬁmqmu‘%nmffiaflud’auu""mmmﬁw“lﬂ dietleariu

st lvlihaaieas
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n.1)

() )

i = ar H = ] oo
514 3 () yagUnsainda: n.1) duasesndanienuiauns id @B@nInsa) uaz n.2) yalinszua'lilih

o
=]

vy
@) ms1Fanu: 1§ lildwiiiddidnInsafiame Hye), 0,() taz Cl(e)

= o & ar
3) msvsznevyaginsainaadmiyFmuazmsiduiny

= = £ Yy %‘ = =

3.1) mMstaseauasazalesuau Usznouale () H1szah @i and.55.915. U51as
9‘ Al 1 o =

@1392a19 10 aa5 (2) 1139 NaCluaz (3) duaey auldazate udniumiauns dnldudanhaddihniszidves
galinszuallihdvidareveaiauns lild dieldnszuallihazifnl iz suafifivsnaunauns Trd fiavlesine
18un H,(g), 0.(e) waz CL(g) M3l 3 v. uazifaesazanensa lalilaasia esninimesluszuy Jadesszue

T I TR A o I ﬂwa ﬂww PR
anwdumaifaiundeuissemimsmaiil esnin Hie) Wuiwda’li uas cie) duieduasis Felinaugu

o Y = = 3l
l!ﬁx‘Ifl"lcl“rTl.ﬂﬂﬂ"l‘i‘ixﬂ"lEJLﬂﬂﬁulﬂ
' 3

a

3.2) deasunal mmsvgalinszualilihuazihgaldnszualahuazidua
a o g 1 o H = a P § =t
aianInsandounaunauns ildeanainduaiosnda annsarhaisazarensalalilaassad 1a 1115w diedian
¥
ACC 200 ppm [8] Tu31/ HOCI 11 3%1a%5 oAailu 100%ACC Tage pH ﬁ’maghﬂm 4-5.33 [5,22] uaziA1 ORP >
3 =t = = =4 1 y
+848 mv 11l aalszAnsamdieawe lumssnye lsa [4]
2 o ¢ 4 o S e o oa gy g ¥ < -
3.3) Matnuinyyaglnsalins eananiidiAy Ae Mmeandsiazeauazdaglnsainn
AU M o = = ar ar o 3 3 o ]
Fu Wudadiedesdumsiiaaiin dmsumsianvadnsalluduaeugaiedn Ifiwvuns llduazya 14
da 2 og o o @ = - . 2 = :
nszua lhuaziidurdidn Insany Bneluddwmdauaz Yach i G ouies vazihllnuludiazerauazuiuile
¥
Hesiufluazeauazanuiu
= =
6.2 HamsAn¥wazmsanlsena
= Y g = o a o
6.2.1 mamsAn¥lTIanhdueeyivinzaydmiumanaaasazaensa laldaaeda
M3In3293AA pH, A1 ACC 1azA1 ORP ¥o3aNsaza8isuauiiianilsznouvednie NacCl uax
H = ‘Uol = =1 H = = q
11sz1h adl ane.35.0135. TaeshszahGudulion pH 6.64-6.65 uunlfaiesditexiiwesuuviham wulfaies)
=t 1 s U = é 1 1 ar 2’ ql
uaziia pH 6 uuuldnszandaaiiey @uuldnszaiy) mJffluﬂ1@ghmﬂummgmmmmﬂﬁsﬂm pH 6.5-8.5
¥
(Field test) [26]; i1 ACC 0 ppm fie #1333 linunassudasznivua (lugilves CL, HOC1 uaz OCT) NAUDLNATDY
AAB3 U (USA.) LAz (China); i1 ORP +260 — +270 mV 1INHANITATINADUAIA 9 veansazaaisuaui 1413
o
Aaoswaasz luszuURUINMINAasd uaz Lifiszansnnlunssinialsa (A1 ORP < +848 mV) [4] M3yl
H = N o ' ¥ = _
hduaeyn 19 vielndutivvles Tunisaruqua pa luszuy Taslhnduaesyiinnududu 0.1%vw, 0.2%vx,
0.3%v/v 1Az 0.4%v/y Tuasazanende NaCl 1%w/v 1&2311M3a3393081 pH, A1 ACC tazf1 ORP ApUMIANYI
" 1 ¥
@i 0) 1871 pH 5211113 3.76-4.48 uny 193 94 taziian pH 3241313 4-5 unu1¥n32A18; A1 ACC 0 ppm 113 (USA.)



= g = =
92 ?!1‘riﬁ'liil‘ﬂ£l]ﬂ1ﬂ'ﬂ‘i!!ﬁ$!‘ﬂﬂi‘l—liﬁﬂ%ﬁlﬁﬂ?ﬂﬂ"lﬂ

(18 (China); A1 ORP M52 319 +314 — +320 uazszramsane (1 nszua 19l mput: 110~240V AC; Output:
12V, 5A DC) 1117a1 5 W1, 10 W13, 15 11, 20 W13, 25 111, 30 WA, 35 Wil uaz 40 Wi @1 ua1 pH, A1 ACC uaz

' [ ] [ ¥ 3
A1 ORP fiIaA s 9 uaaalua1sed 2 Taefinuan Acc 114agd 200 ppm A5 unsAnEIAS il [8,18-19]

A151991 2 A1 pH, A1 ACC uazf1 ORP 7113810, 5, 10, 15, 20, 25, 30, 35 taz 40 U1

; H P . o
dlaldSmanhduaepiiedhniives Tumsatuaust pH inndadi 0.1, 0.2, 0.3 uaz 0.4%vry

Vinanndumey  omitliudn pH ACC (ppm) ORP Vinudumey ool pH ACC (ppm) ORP
(%ov/v) (unil) Wios  nswe USA. China (mVv) (%ov/v) (um) Wiy nswaw USA. China (mv)
0 048 5 ] 0 +314 0 383 4 0 ] +314

5 4.71 5 25 25 +474 5 4.01 4 25 25 +567

10 4.95 5 25 25 +815 10 412 4 25 50 +960

15 525 5 50 50 +837 15 4.22 4 50 50 +5962

0.1 20 5588 5 50 50 +835 0.3 20 430 4 100 100 +956
25 592 6 100 100 +B832 25 4.40 4 100 100 +944

30 6.22 6 100 100 +831 30 4.47 4 150 150 +938

35 6.46 6 150 150 +827 35 4.51 4 200 200 +934

40 6.63 6 200 200 +B820 40 4,60 5 200 200 +929

0 4.09 4 0 0 +318 1] 3.76 4 0 0 +320

5 4.26 4 25 25 +493 5 392 4 25 25 +786

10 4.42 4 25 25 +915 10 3.98 4 50 50 +993

15 4.57 4 50 50 +933 15 4.07 4 50 50 +998

0.2 20 4.72 5 50 50 +939 0.4 20 4.14 4 100 100 +1000
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Abstract

This study aims to develop lotus yarn using natural dyeing technique and natural dyes such as lac, garcinia
skin, and indigo, in four steps, with three shades (0.5, 1 and 2 kilograms) per one kilogram of lotus yarn. This model
natural lotus yarn dyeing technique influences the dye adhesion quality of lotus yarns, as well as their chemical
properties. It was found that the dye adhesion against washing, compared to the Community Product Standard that
required at least 2-3 out of 5 in terms of natural dye washing resistance, met the standard. The dye resistance against
sweat, in both acidic and basic conditions, was compared to that of the Community Product Standard, that required
at least 2-3 out of 5 in terms of natural dye washing resistance. The test results were found to be in accordance with

the standard criteria.

Keywords: Lotus Yarn, Natural Dyeing, Natural Dyeing Technique
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Abstract
This research aimed to determining factors affecting consumer behavior refer to Thai people during
the COVID-19 pandemic, especially Omicron variant. Structural Equation Modeling was utilized to find casual
relationships under the behavioral decision of Thai people. Total of 400 Thais around Bangkok and metropolitan
provinces were participated and filled 45 online questionnaires under strictly prevention and control of COVID-19.
The research findings indicate that food choices had a direct and significant impact on consumer eating behaviors
during the COVID-19 pandemic. Convenience had the strongest direct effect on food choices, followed by appetite,
risk perception, vulnerability perception, and health conditions. However, the research also showed that budget
constraints did not have a significant direct impact on food choices during the pandemic. This study is a very first
study that integrated the Protection Motivation Theory and Theory of Planned Behavior together. In addition, this
research could be substantial findings that can be used as a preliminary model for other decision-making of Thai

people during COVID-19 pandemic for beneficial and pandemic mitigation as well.

Keywords: Structural equation modeling, Consumer behavior, COVID-19 pandemic
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