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Editor’s Note

This is my first issue as Co-editor of this journal and | feel honored to be a part of this
wonderful publication. Our journal has been approved to be in the first tier of the Thai-Journal
Citation Index (TCI 1) since 2015 and recently it was approved for inclusion at that level for
another five years. Our gratitude goes to all authors for their high quality work, and also to
reviewers and other contributors who help make the journal successful. Looking to the future,
we have set a goal to keep continuously improving. In a post-Coronavirus world, we would like
to encourage all researchers to keep creating and inventing new knowledge and technologies to

help our country—-and the world--recover and thrive.

Asst. Prof. Dr.Sutanit Puttapanom
Editor
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Abstract

This study investigated the influence of two significant operating factors of dye and NaCl concentrations on dye
removal efficiency by electrocoagulation (EC) process. The methylene blue (MB) was represented dye molecule
containing in the wastewater, whereas the NaCl was playing a role as electrical conductivity for promoting chemical
reactions. The initial concentrations of MB and NaCl were varied from 3 to 60 mg/L and 0.10 to 1.00 g/L respectively
to find the best condition for dye removal. The results revealed that the maximal dye removal of 91% was observed at
MB concentration of 45 mg/L and NaCl of 0.50 g/L. The higher dye concentration (i.e., 60 mg/L) and lower dye
concentration (i.e., 3, 15 and 30 mg/L) were affected on decreasing the dye removal. Similarly, the higher NaCl
concentration (i.e, 0.75and 1.00 g/L) and lower NaCl concentration (i.e. 0.10 and 0.25 g/L) had negative impacts on
dye removal. Furthermore, the actual batik wastewater was preliminary treated by EC process; the COD was decreased
from 3720 mg/L in the initial concentration to 320 mg/L after 60 min. In addition, the dye removal by EC process can
be enhanced by controlling other parameters such as submerged surface area, applied current density and pH which will
be further studied prior to imply as treatment process for textile industry.

Keywords: Electrocoagulation process, dye wastewater, NaCl concentration.

1. INTRODUCTION Several technologies have been used for dye
wastewater treatment including biological process (e.g.,
activated sludge, sequencing batch reactor; SBR, bio-
filter), chemical oxidation (e.g., fenton/like-fenton,
hypochlorite), electrochemical oxidation (e.g., Oz/UV,
03/H202, 03/UV/H202, H»02/UV), photodegradation
(e.g., TiO2/UV, photo-fenton), adsorption (e.g., activated
carbon), membrane filtration (e.g., microfiltration,
ultrafiltration, nanofiltration) and chemical
coagulation/flocculation (e.g., aluminium, iron or
calcium salts) (Zidane et al., 2008). Although the
biological process was considered as a low cost technique,
most of dye molecules are toxic and resistant to bacterial
growth at high concentration (Daneshvar et al., 2006;
Raghu & Basha, 2007). Meanwhile, the chemical and
photo oxidation process was required a lot of chemical
addition, which may cause further environmental
problems (Yari et al., 2013). The other advanced
technologies were limited on high operating cost
(Mountassir et al., 2015), which was the most concerning
parameter for actual wastewater treatment application.
The electrocoagulation (EC) method has been
developed as a promising technology in removing very

At the present, the removal of dye molecule from
textile wastewater has been considered as one of the
major issues which received the increasing attention from
global viewpoints (de Carvalho et al., 2005). The
wastewater containing high dye concentration is widely
produced from many industries such as textile, leather,
paper, printing and photographs. Among those industries,
the textile industry consumed a considerable quantity of
dyes and generated the wastewater containing high color,
suspended particles, high chemical oxygen demand
(COD) and pH (Mahmoud et al., 2013; Mollah et al.,
2004). In addition, approximately 15% of dye was lost
during dyeing process and discharged as contaminated
water into aqueous environment (Daneshvar et al., 2006).
The existence of dye in the aqueous environment can
cause aesthetical trouble (even at low concentration of 1
mg/L) (Mohammed et al., 2014), reduction of
photosynthesis and gas solubility. Furthermore, a natural
biochemical process can change dye molecule to other
dangerous by-products which were toxic, carcinogenic or
even destroy aquatic species (Mohammed et al., 2014;
Daneshvar et al., 2003).

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.1-5 1
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polluted wastewater in recent years. The spent coolant
with initial COD of 122 g/L was pre-treated by modified
EC reactor using Al electrode; the 65% of COD removal
was achieved (Pantorlawn et al., 2018). The tannery
wastewater was also treated by a combined system of EC
and biological fungal; the efficient COD and Cr®*
removals were 96% and 97% respectively (Deveci et al.,
2019). The principle of this technology is based on the
electrochemical dissolution of metal electrode into
wastewater that improves the efficiency of coagulation,
adsorption and precipitation of pollutants by using a
direct current source (Bani-Melhem & Smith, 2012). Iron
and aluminium are two typical types of electrodes which
have been widely used in EC systems. The aluminium
electrode has been demonstrated to be cheap and
effective material for the EC process
(Thirugnanasambandham et al., 2015). The main
reactions at aluminium electrode occurs as follows:
Dalvand et al. (2011).

The aluminium oxidation at the anode:

A|(5) - A|3+(aq) + 3e (1)
The water reduction at the cathode:

3H,0 + 3e" — gHz + 30H" (2)
Overall:

Al +3H,0 — Al(OH)s + 2Hy (3)

These reactions produce monomeric and polymeric
species of aluminium hydroxide (i.e., AI(OH)3) that
remove pollutants by complexation and electrostatic
attraction. In complexation, pollutants such as dye act as
ligand to bind hydrous aluminium by the following
reaction:

Dye-H + (OH)Als) — Dye-OAl) + H.0 (4)

Meanwhile, the positive and negative charge
iron/alminium oxide particles attract the opposite charge
species in electrostatic attraction (Golder et al., 2005).
Besides the efficiency, this technique was also known
well by its easy operation, simple equipment and small
amount of sludge generation (Bayramoglu et al., 2007).
However, an electrical conductivity in the wastewater
was a significantly factor for effective dye removal.
Similarly, dye molecule structure and its concentration
were concerning factors. The aim of this study was that a
methylene blue (MB) which is positive charge blue dye
was removed by EC process using aluminium electrode.
The experiments were set to investigate the effect of
initial dye and NacCl (related to electrical conductivity)
concentrations. Later, the actual dye wastewater from a
batik company was preliminary tested.

2. MATERIAL AND METHODS

2.1 Electrocoagulation (EC) reactor

The experimental set up used in this study consists of
a 200 ml acrylic reactor. The four electrodes of
aluminium were connected in a bipolar mode with
dimensions of 10 cm (length) x 4.5 cm (width) x 0.01 cm
(thick), and were placed at a distance of 1.5 cm from the
bottom of reactor. The submerged surface area was
approximately 160 cm?. The electrodes were connected
to direct current power supply ( DeltaPSU, PMT-
5V350W1AM) with 5V as maximal tension and 60 A as
maximal intensity. The schematic of EC reactor is
presented in Figure 1

00 60

[v] [Aa]

1

Figure 1 Schematic of electrocoagulation reactor; (1) power
supply, (2) aluminium electrodes (1 cm of interelectrode
distance), (3) magnetic stirrer, (4) acrylic reactor and (5)

magnetic bar

2.2 Preparation of dye wastewater

Synthetic wastewater was prepared by mixing an
appropriate amount of methylene blue ( MB) into
deionized water. The MB was purchased from Ajax
Finechem Pty Ltd as purified agent. The chemical
structure of the hydrolyzed from of this dye is present in

Figure 2.
N
=
Hac\N/EIS:O\N/CHa .
| . '
CH3 CH3
C16H15CINSS MW = 319.86

Figure 2 Chemical structure of methylene blue

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.1-5 2
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2.3 Experiments

The experimental EC reactor was conducted with 200
mL of MB solution and stirred at 200 rpm. All
experiments were carried out at room temperature (~25
°C). The sample was collected every 10 minutes and then
centrifuged at 5,000 rpm for 10 min. Subsequently, the
collected sample was measured the absorbance spectra
(Abs) at a wavelength of 664 nm by UV-6100 Double
Beam spectrophotometer (Shanghai Mapada Instruments
Co., Ltd). The percentage of MB removal was determined
according to the following equation:

AbSo—AbSt

Dye removal (%) = o x 100 (5)
So

Where Abs, = Initial absorbance intensity.
Abs; = Absorbance intensity at time t.

When the batik wastewater was tested by EC process,
the COD value was measured in accordance with the
standard method for the examination of water and
wastewater (American Public Health Association, 1995).
The COD removal efficiency was calculated in the below
equation:

CODy—CODy

COD removal (%) = cob
0

x100  (6)

Where CODy = Initial COD concentration.
COD¢ = COD concentration at time t.

In the experiment 1, the MB concentration was varied
from 3 to 60 mg/L, while the NaCl were controlled at 0.5
g/L. In the experiment 2, the NaCl concentration was
varied from 0. 10 to 1. 00 g/ L, whereas the MB
concentration was kept at the best condition from the
experiment 1. In the last experiment, the actual batik
wastewater was tested for 60 min, as summarized in
Table 1. The MB and batik wastewater were treated by
EC process without pH adjustment; the initial pH was in
the range of 8-9. The applied current density was constant
at 20 mA/cm? for all experiments.

Table 1 Various experimental parameters in this study

Experiment Wastewater NaCl Time
source and concentration
concentration
1 MB 3, 15, 30, 45 0.50 g/L 10, 20,
and 60 mg/L 30, 40,
2 MB 45 mg/L 0.10, 0.25, 0.50, 50 and
0.75and 1.00 g/L | 60 min
3 Batik wastewater 0.50 g/L 60 min

3. RESULTS AND DISCUSSION

3.1 Effect of initial MB concentration

The experiment was carried out for five different MB
concentrations of 3, 15, 30, 45 and 60 mg/L for 60 min.
The NaCl and current density were constant of 0.5 g/L

(conductivity was ~ 1 mS/cm) and 20 mA/cm?. Figure 3
shows that the dye removal by EC process was increased
gradually by electrolysis times. At the lowest MB
concentration of 3 mg/L, the dye removal achieved 31%
at 10 min and approximately 75% at 60 min.

At increasing MB concentrations, the maximal dye
removal was increased to 84%, 89% and 91% at 60 min
for MB concentration of 15, 30 and 45 mg/L respectively.
However, the maximal dye removal was dropped to 83%
at the highest MB concentration of 60 mg/L. This is
because the amounts of coagulant ( Al( OH)3) were
constant at the fixed current density. The produced
coagulant adsorbed the MB molecule until the maximal
adsorption capacity was reached. Later, the produced
coagulant was insufficient to adsorb MB molecule at the
very high concentration, resulting in the decrease in dye
removal finally (Mahmoud et al., 2013). According to
this experiment, the effective dye removal by EC process
could not achieve at the low MB concentration, therefore
the EC process was an appropriate treatment process for
high pollutants concentration. The best dye removal
efficiency was observed at the MB concentration of 45
mg/L, therefore this concentration value was used as a
controlled factor in the next experiment.
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=
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Dye removal (%)
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~
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0 10 20 30 40 50 60 70
Time (min)

Figure 3 Effect of initial MB concentration on the removal

efficiency (NaCl 0.5 g/L)

3.2 Effect of NaCl concentration

The experiment was carried out for five different
NaCl concentrations of 0.10, 0.25, 0.50, 0.75 and 1.00
o/L, which referred to different electrical conductivity.
The initial MB and current density were controlled at 45
mg/L and 20 mA/cm?. As shown in Figure 4, the dye
removal was increased by electrolysis times and NaCl
concentrations. The maximal dye removal was observed
at 60 min; the dye removal was 83%, 89% and 91% for
NaCl 0.10, 0.25 and 0.50 g/L respectively. However, the
excessive NaCl of 0.75 and 1.00 g/L caused a reduction
of dye removal to 87% and 81%. The explanation was
that the excessive NaCl and electrical conductivity
caused the overconsumption of aluminium electrodes,
and resulted in the irregular dissolution (Calvo et al.,
2003) . Furthermore, the high NaCl and electrical
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conductivity caused the increase in electron
transportation rate in the MB solution, resulting in the
decreasing reaction time and subsequently the decreasing
dye removal. According to this experiment, the optimal
NaCl was 0.5 g/L for effective MB dye removal.

100

(=) oo
(=] =}
1 L

-
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1

Dye removal (%)

010 gL #-025gL —-0.50 gL

g
[—]
1

4+-0.75gL -#1.00gL

T T T T T

0 10 20 30 40 50 60 70
Time (min)
Figure 4 Effect of NaCl concentration on the removal
efficiency (MB 45 mg/L)

The actual batik wastewater was preliminary treated
by EC process. The appearance wastewater was dark blue
and chemical smell. The wastewater with initial COD of
3,720 mg/L was tested under NaCl of 0.5 g/L, and the
results are shown in Figure 5. The COD removal was
67% at 10 min and reached 91% at 60 min. The final
COD was decreased to only 320 mg/L. The comparison
of batik wastewater before and after treatment is shown
in Figure 6. It can be seen that the excellent removal
efficiency was also found in the actual wastewater, even
though the pollutants concentration was higher rather
than the synthetic MB solution. This is because the
particular characteristic of batik wastewater such as
conductivity, pH, ions and biodegradable compounds
effected on enhancing the EC process. The further study
on effect of other operating factors on enhancing the EC
process is necessary and clarified before applying this
technology to dye and textile industry.

100

80

60

40

COD removal (%)

20

0 v T T T T T T T T T T T T
0 10 20 30 40 50 60 70
Time (min)
Figure 5 Actual batik wastewater treatment by EC process; (a)
effluent COD and (b) COD removal efficiency (NaCl 0.5 g/L)

Figure 6 Actual batik wastewater treatment before and after
treatment by EC process (NaCl 0.50 g/L, time 60 min)

4, CONCLUSION

The EC process was a potential treatment process for
dye removal. The maximal dye removal of 91% was
observed at the optimal concentration of MB and NaCl,
which were 45 mg/L and 0.5 g/L respectively. The
excessive and insufficient MB and NaCl could cause the
decreasing dye removal. When the actual batik
wastewater containing initial COD of 3,720 mg/L was
tested, the COD removal reached 91% at 60 min and the
final COD was only 320 mg/L.
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AUNIINITAUTE

Abstract

Ubonratchathani province is currently using a minibus as one of the services and plans to adopt an electric
bus for the future public transportation. Thus, this research aims to analyze the public transportation in
Ubonratchathani province as a case study by focusing on three key aspects 1) An analysis of satisfaction levels for
commuters using the current public transportation and related transportation decisions using questionnaires. The
sample data were collected from 230 passengers and analyzed using mixed methods research. The main concem
from a logistical aspect accounting for 28.10% is related to the certain arrival and departure time schedule of the
minibus. 2) An analysis of logistical factors and alternatives using Analytic Hierarchy Process (AHP) approach for
the selected focus group. We found that the electric bus is the best alternative that could be further used with
weighted score of 0.23. 3) An analysis of the optimal public transportation routes using mathematical optimization.
We used the surveyed data related to preferred locations for the transit to analyze the shortest path/ route using

the so-called Traveling Salesman Problem (TSP) under limited travel time, in which the starting and ending points
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were not necessarily the same. We then suggest future routes for possible future routes for an electric bus in

Ubonratchathani province. The developed system based on the above tools can be used to aid decision makings

and analyze other public transportation routings not only for Ubonratchathani province, but also for other

provinces as well.

Keywords: Decision support system, Mixed methods research, Analytic hierarchy process, Travelling salesman

problem, Transportation routing
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)Consistency Ratio - CR) ¥89um3n% @un1si (6)
A =N
Cl=Zmax—" (5)
n-1
_d (6)
RI
Toefl N Aevwievesumsnivies uiutads
Funaudl 8 : Usuiiun1sdnsusiu )Ranking) UBIuAAY
nadien muaunsi (7) Iaed | Ae Local Score vaaus

aznaden / Weisuiutade j; W, AaAa29UNENYDY

CR

Uad® j; waz ;A9 Global Score vaanadan i la9 7
aula

=D wl; 0
J
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vl lunidseildiedesile AHP lumsinsne
Jadouarmadonlumsidunisiiesalasansasisasi
aglutagiuy
2.3 MImAmauinngeseuuuTIaelyInIniuN I

Y09ALY1 (TSP)
w3 eefloroundunisldnanisiinsevidadonas
anufiannuuuasuaudIunsn saudedeyasyernly
ASAUTe WevhnsTeseiidunienisiusalaeans
as1sng TneUsegndlduvudiaes TSP el iAufings
Jynn TSP AU yu1n15LA UNI9EINT UAUTI8UD
(Salesman) #inasnslulisunnidesngligfuaunsy
waanduanduilensudu Tnedaansliszosmaduna
Houiian Feosungldail
\¥n (Sets)
\a amumimu/ i=1,..n
9 J: amumﬂmamaj ;j=1,..,n
W1573mas (Parameters)

dijﬁaigawwiuﬂﬁLﬁumm]'mamuﬁ i
aonuil j

n fosuuanuimusluduna

fauusanaula (Decision Variables)

X;; AiofuUsuuu 0-1 (Binary) dwduanudii
dunall (i 1) videanuiinldidumsld (@1 0)

U, Aedudsyae (Auxiliary Variables) @115y
anufisugy i Wivaunisdesdadestunmsifiunisdes
(Subtour)

U, Aeduusyag (Auxiliary Variables) €15y
aouiivanenis j [ivaunisdesidiatosiunisiiunig
g9y (Subtour)

Nendurdmane (Objective Function)

Minimize Z=>">"d, X (8)

i=1 j=1

dun13793911n (Constraints)
D X;=1  ;Vi=l..n ©)
inj =1 ;¥j=L..n (10)

U, U+nXUSn1 Vi=2,..,n
(1
YV j=2,..,001# ]

={ 1 Vi (12)
>0 V] (13)

Tngaun1si (8) wansilsdduilmnedoszaemng
fanualunsidunisiidesiign aunistesiiad (9) way
(10) Aededrfininsiduneenainannudi i lnq Fealle
Wi 1 aaﬂmﬂamuﬁimq Iiemilends uay %’aﬁﬁmw
A9LA umamamuw jlag e LW BN an S Lo Uy
sy wenanil aaumsmammm (11) Lﬂumiﬂaaﬂu
M3Auneges (subtour) Femnefansiiuniadiudy
nanuiilag wdnfumaiasuynidesdideinis udn
nduluiurildAnn siunsg estu dauaunisuay
gaun1stesAndl (12-(13) uansdadrdmierfuiunys
fndula

neiidymlunuisedidunmsimmsiidunmaiuse
Tngansansisaurnisldinaii ada lngges ududy
dugalildgnieatuludnuasifrtuifulynitueia
#1 (Hamiltonian Path) (Rahman & Kaykobad, 2005) Tu
Snuwazdidoanismidunsiiduian (Shortest Path) @
aunsausutam TSP Haiy (ﬁ]m‘?uﬁuua“wﬁyuam
Lm o) I Taensadieaniudi vasy (Dummy Node)
Fuan Tngimuslvanuiivasufimsdeusetugaizusiu
LLaua;mauqm‘imwmwumuaumwL%aumaiumwamw
Uaoufugasuduuaggaduandu 0 luvaedidivu
sreeneilid ousesewinsanuiivasufvaniufisus
lailinidusuuazgedugaidud M sl M Huiiauiigs
unwe (Arbitrarily Large Number)

3. WAN1SIYLATNISITAING

3.1 WANTUATIZINITIVEUUUREL
wamsiiuteyauaziianesinguinegisesilnsansi
AOUWUUADUNNN T 230 fregdlutiufou uns1au
- wuanau 2561 Insvhmsifudeyanguilasansilisn
lngansansisagdmiusoasaatanetouns uagany 1 Ty
finguaswsillnsagUnaldsdl
5.1.1 maTipTIwiiuuaeUDINFIT 1 (Toyarialuifeary
a01UNIN)

o dlasansilumanie 34% uazinenda 66%

o lagansfiongsening 20-29 U Andudesas 70.48
91gtieanin 19 U Amdudosay 19.05 ogsening
30-39 U Anluiesaz 4.29 91g55%i19 50-59 U
warannnd 60 U Andudewas 2.38 wavegszning
40-49 U Anilufosaz 1.43 aud1au

° sﬂﬂaaﬁﬁmiﬁﬂmﬁizﬁw%mmm? Andusevas
61.24 syivlseuAnwneudu Andudesay 15.31
seaulseudnwineudaty Andusesar 12.92
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szaugeaniUiages Andusesar 6.70 uazsediu
sniseufnunfesay 3.83 audidu

o (lawasfivsznevendniniFouindne fevaz
80.95 01INT151¥N5/SFIamAITeEAE 6.19 81N
g3naduiiTesar 4.29 ondnwinauenvuieay
3.81 Buq Sovaz 3.33 uazondnsudrwialy Amdu
Feuay 1.43 auaeiu

o flagansiisrgldviaiiiousinia 10,000 um fovay
75.85 51817 10,001-20,000 soay 18.84 s18la
20,001-30,000 AU 30,001-40,000 S 8vay 19.3
WINAU WazNINN2 1 40,000 Aatdusesay 1.45
AIUAIAU

3.1.2 adnTIeiUUaRUDINEIUT 2 (Toyasunginssy
mislosalpgarsaauna)

o flngansiiinguszasdlunisifiumsiiazndutuios
av 30.12 WUiSsuntvdesenaz21.45 lUvisadisadon
ay 12.29 lUvsassnaumisoeas 12.05 lUunainise
av 9.40 luviauseway 6.51 lulsaneunasesay
5.30 warduq $ouaz2.89 MUSI

o flngansldvinisdennud 1-3 adwiaduni Set
av 60 U (WuAMNE 1-2 afsreiiow) Sovay 24
Ml 4-5 adwedunisesay 8 AnuRunnin10
adiladunisosay 6 uazaud 6-10 ASwoduai
So8ay 2 ANUAIRU

o lagarsiiunsludisiunga(as-aniing) Sevay
47.16 TuAN3 S08ay 22.3¢ TUsIIUAT (§3A13-
WoAUR) Souaz 21.63 uaviudunisouay 8.87

o lagansiaunislugieansy (09.00-12.004.) Sevay
31.64 %29/ (16.00-19.00 ) $owar 26.17 Faaidh
(05.00-09.00u.) T088y 21.09 ¥23Ue (12.00-
16.004.) To8av19.53 wavd u 9 Tesay 1.56
ANLEIRAY

¢ laga1sinenasalagaisiagiuae10 umieeay
91 9185181 5 umMTeEaz 5.7 1931A1 20 UmnTey
av 2.0 uazduq Sevaz 0.5

3.1.3 HATATILVRUUAOUD WA IUT 3
Jayaanuiianelavedlnearsdedadosinenlunisly
Uinssnlagansansun uandlupsed 1 Tasamdseiiu
vaniinelasnnfigndesusiaiimnzaslunislduinig
sudumasolasan sudunsugedidonisarly uas
auninaudusaiunsemlunistusanga-sudalagans
amie luvaefiamuszsidunaniinelavesfigadosu

ANTIALSAEEAINAUIY AIuUSUIUNATS wagRIuiids

o Y L4 <@ aal 6
LANNSAUATNNIUNIC AN LANLLASARNTUATIN
A1519% 1 wanspnuianelasedadeladafndineniunisiiuma

PO IMBETTANGITUE
= o= 5 .
auiswalalumslasuuinisandunieg D
¢ o v Aade
Uaenie wenanudszsiaudadudon
1 | soalagansinudumslugaidlagansdoinis 4.08
2 | wihaudusadunsomlunsdudnagliusnng 3.64
wilnnudusangasu-daidasarsaudien
3 N 378
M
msidsalagansiimnusinsiazanauns
q o 323
Punan
5 | msksalagasuseimeianudasnsie 3.45
6 | simwmsngaulunsigusang 4.23
; MsShwdamndeutazlinelminuan1ieni 253
21INAVUNDIOUY ’
8 | anugzAINfansinTeAlagans 3.77
9 | @amsalagansiudizaniunsiunliuinig 3.52
10 | fdavanzaudmdunsyas Iinuazansingsd 3.02
11 | YSinandsdianumsngauiuinnuglagans 321
1 =
ARdesIU 3.59

3.1.4 uaBATIsUUAOUN IR 184 TR

Tudrndoiauauuzandauuatedanuinfideymd
Wwakaztatauauylun1sTUSUUTIsTEIUNITUTNISIINGY
naguanena(ladamng) Wonsvudawagnisusnisiag
aunsoiaseilondu 8 Useinnndne (Clusters) fan1519
fi 2 %qﬂﬁgmﬁéﬂmEJa’h?a&nﬂiﬁv‘l’wmsﬂ%’w;qmnﬁqmm
wdnnsnsla (80/20) Aeiieavesianfusadiuiuey
Fesnnuvaoadovesdlasans 13osan1nsn 15oeiiis
Hlagans uazidengAnssuvesnutu muds

A15199 2 Wand cluster Yalaualugn1sUTulT

Cluster | %29 (Theme) Yaiduauus %

. ANNT0 WUREINWRALEINAN TR | 15.75
50
M3suglagans wususnniauluiilg

2 v a4 v v 0.68
Alngansfesdusinurinevessn
VANAUTONLUUBY LHUANITINTRUTOLAY

3 \ a 28.10
TR AU
AeElngans WU wuntedlaeans At

4 o o ¢ b 11.64
FnTunsyass
WoANTIUALTY LWUN1TIRATAIINTIYR TU

5 Z a o 10.27
souSuAufILn

6 Nurvusa wuldininsdmsunaes 2.74
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ANuUaensievelagans 22.60
8 U 8.22

uenaniinanslinszsianuifisonislinaiuse
TngansasounquLi iy wudn 10 Suduusnde s
WunSanaw1guasvstil (31.1%) nyUuman (28.9%)
Juq (11.1%) auuduumnviguanesiil (4.4%) Tada
81119713u813U (4.4%) annilsalrguasivsidl (2.2%)
manativg (2.2%) Wedaues (2.2%) ¥agild (2.2%)
warlsameTuIaguasnyg (2.2%) nua1du
3.2 WamsuATIZTadERIE AHP

nan1siuteyavenguang (Focus Group) $1u3u
30 AumUngufadngaunatslunisnszaeguuulni lag
vnsduiegaind@nwseduuiyaniinglduinne
dsunIudmIaAed smusvada dviuaiinin
AnudAyresladesien1sinsginy AHP ansaagy
Jaduvan 5 Jade (51A1 wanme a1 Anuvaensiy uag
mMsu3n9) lnedmaden 6 maudenseiudsmsaans
worlutlagtunazmadeniidnisldauaiduiuidmin
guaswsiifesauiinduarsad samfemadendisinslilu
vt viediilontathanldluewan Aesadnseusud
Fude saisududs (Shuttle Bus) Wald wazsnlagans
Uszdmalih dauandumsisil 3 Tagvhmsduiindeya
vosrvinsandulaudazaulagldlusunsu Expert Choice
(Expert Choice, 2019) @95Un1531AT1% AHP § 9929
nsdaasidoyaniminamaunsi (3-(7) $ragu
wagldnsieseimsvinisindulakuungy

A15199 3 Wand Local Weight vasynmadenifieuiutadelag

Javgsnan 9Laen UINUN
1 SOEBINDD 0.201

2 sardsusudaun® 0.184

3 salagansuszmaliia 0.180

4 309 0.159

5 SOung 0.149

6 T09NIUTULUG 0.127
Uaduuaniag ynaLdan UInUN
1 SOEBIND 0.152

2 sardsusudeun® 0.207

3 salpgansusenmaludin 0.324

4 309 0.112

5 SOUTANG 0.105

6 T09NTYTULUG 0.100
Javesian ynaLdan UInUn

Jadesian y9Laen Uutin
1 T0ADILDD 0.068

2 sapuiudsUni 0.137

3 salagansusemslngi 0.136

4 509 0.172

5 SOuAnG 0.318

6 sadnTUIUA 0.169
UadeUannny ynaLden dutn
1 T0ADILDD 0.077

2 sapuiudsUni 0.258

3 salagansusemslii 0.277

4 308 0.113

5 SOuAng 0.204

6 sa9NTUIUA 0.071
Uavgu3nig 9Laen UL
1 T0EDILDN 0.056

2 sapusudsuni 0.218

3 salagansusedmslnii 0.235

4 508 0.172

5 SOuAnd 0.268

6 sa9NTUIUA 0.051

Miinansiaseiadndnuelasesaeisnng AHP
wuhnguiame Wentdhwinvestadadudusan 0.246)
AuNan1E (0.223) A1uian (0.204) AruanuUasnsie
(0.177) waza1uu3nig (0.150) AINaIdU Teminvins
Spsgsiaaasminvemnadenianus 1iofisuiy
Jadelaq leardmdndandunisied 3 §amudn
madonsnassuniffianduiiadena madensalagans
Usgdmalihdfaasutiadenang madensouiinda
Agadutiadenal mudonsalagarsuszamaliing
ﬁqmﬁmﬂa%’ammﬂaamﬁg wagmudensalngansusedn
'vml‘v\h?hﬁﬁqﬂﬁ’m{]a%mw%mi Waiien CR fifuaal
dmsuwnindnisdadulalag nuideesnda 10%
wansinishideyalunmsdndulainnuaenndes

YenaInd Wan153LASIERA28aunIsT (6) vite
AU Global Score Tunsuselfiun1sdnduau wuan
madensalngansuszdmslii (0.23) fidgsiian Tne
AU 0.23 = (0.246)(0.180) + (0.213)(0.324) +
(0.214)(0.136) + (0.177)(0.277) + (0.150)(0.235) 1ng
ansnsnrInA Global Score dwsumadondus lu
Vuenieatiu tufesauiind (0.20) sadeududs (Shuttle
Bus) Uni (0.20) 304 (0.15) 50a094a7 (0.12) uagniaien
S09NTHIULUASUI (0.11) MINAIGU
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3.3 WaMTIATIISUNITATIgARIE TSP
Tuduiiauvesndsedunisidnanndruusndaiu
n33tAsIuuUaeuay asldenaniuiifiglnoans
#oanslinsounquiisiin uazlinadildandruiiaedly
n153LAs19 AHP lagldmadensalaeansinialunns
thundaduns veidludesfuannisuinwideangy
vauf¥me uas1¥s 1T WauiLdes UBCD (Korat
Newspaper, 2019) A 4uuun1sAuTalaga1sUszaInIg
i flazdunldluowan Snsanindumensideuse
5¥niN Code 1: awwdu uag Code 7: Uvd. gUATIVENH
laeAsK1u Code 2: 21UK31519011539m3A Code 3: gua
Waw1 Code 4: L3u3euimdminguasnysiil Code 5:
addvmiied wag Code 6: Sniiguasusnil Aesudvivise
ldvnsiiutdeyassegnislunileilauns wavasdis
wadndgaisuduiueavatemavessalagansuszdinig
TWW 1 (Origin-Destination Matrix,0-D) Lo s auanely
31971 4
nduimsifivanudisn ¢ wisnnisensdalagna
9INLUUABUNIY Y ufe Code8: 1funsanarsn
9uas19571 Code 9: ladai13us131u Code 10: @01l
solWguas ¥l war Code 11: aa1naeluy wagyinnis
a¥1amsng O-D iy faandunsiedt 5 siaiiinnsld
aoufivasy (Du) N @ mTUNTIREuazass
Tnesaszoynissewing Du Auqaisuduuazanauaadu o
Tuvaiitvunszossiifousosyning Du fu
anuiidug Alldgaisudunazgeduanidu M nefi m
Lﬂuﬁ”slmﬁqmmwa Wy 1000 Fafildesunednadu Tnena
MsiAsemdunadaelUsunsy Excel solver HarouLdia
dnuiiannuuudoun (Codes 1-7) Lasnaaiy (Codes
1-11) wanslunis1edi 6 Imaﬁzazmﬁmasﬁ 11.55 uay
41.10 Alawns auddu seddumsBuhumeiiauudu
LLazlﬂ??uqmﬁU%ﬁ’mudaﬁﬁm (Uva.) auaTIvsl
Jurswuzinssadunsdmsunsdidumiaiums
Ypasalngansuseamalniund (Codes 1-7) Aaaanain

aundugua -> guana1w -> UM sTanda >
Tsadsuiiondmin -> qiidvmines > tnfguasend -
vva. quassnil luvgiidumaderivaniuil (Codes
1-11) fireanatnawiuiugua -> guanalw -> anilsalu
g uas1951% -> ladaa13ud19Iu -> 91U 11519019

Fmdn > unsanaigiguasivstld > lsuSeufin
Jandn -> alldnanies -> Undauasivsid -> Aainans
Tvigl -> vvd. Quaswsnl v

15199 4 La@ng O-D matrix ¥aesalagansusearnielndn
(Codes @auf 1-7)

1 2 3 4 5 6 7 Du

1 0 124 | 3.1 | 140 | 45 115 (77 |0

2 124 | O 13 | 3.7 4.2 6.3 75 |'M

3 3.0 1.3 0 2.6 3.1 8.8 64 | M

4 140 | 38 26 | O 071 | 2.8 a1 (M

5 4.5 4.2 311071 {0 2 35 | M

6 115 | 84 8.0 | 29 2 0 08 | M

Du | 0 M M M M M M 0
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A15790 5 uang O-D matrix FessalavasUszsmslng (Codes aoudi 1-11)

1 2 3 4 5 6 T 8 9 10 11 Du
1 0 124 3.1 14.0 4.5 115 77 7.5 9.6 7.2 15 0
2 124 0 13 3.7 4.2 6.3 7.5 52 73 4.9 12.7 M
3 3.0 13 0 2.6 3.1 8.8 6.4 4.1 6.3 3.8 11.6 M
4 14.0 3.8 2.6 0 0.71 2.8 4.1 114 13.6 11.1 9 M
5 4.5 4.2 3.1 0.71 0 2 35 12.2 14.4 11.9 8.4 M
6 115 8.4 8.0 29 2 0 0.8 15.7 17.9 14.9 6.2 M
7 77 7.6 6.3 33 27 0.8 0 13.9 19.7 16.7 4.3 M
8 75 52 4.1 4.9 55 8.1 10 0 13.1 8.9 6.2 M
9 9.6 73 6.3 8.8 12,5 11.4 12.6 13.1 0 3.6 15 M
10 7.2 4.9 3.8 11.1 11.9 14.9 16.7 8.9 3.6 0 12.8 M
11 15 12.7 11.6 9 8.4 6.2 4.3 6.2 15 12.8 0 M
Du 0 M M M M M M M M M M 0

A15197 6 LARINANITIATIETIALEUNLALSOLATENS

FTYLNTI »
Cases - LEAUNIY
(Rlawns)
1-7 11.55 1-3-2-4-5-6-7
1-11 41.10 1-3-10-9-2-8-4-5-6-11-7

mnewn: Code 1: AgaTuAuaLINTULINITITgUATIYE Code
7: AogAUaIeNN VYagUaTIvS T .

4. ajunauazuumMeuIdelusuian

nuATtdunsdanssdadouasnsiessiduma
dmiumaiiusalagansansisagegiaysanng ety
wunelunswaudegendussuvtiednduladmsu
Jayninisdadunisnisifusalasansaisisuslaely
nsdifnuvesiminguasnesiil lagisuainnsiiaeh
anufianelavesnisldsalagansasisugannglagasiu
Jaduannuuuasuniuuagnsiasievinanuimnada
38153 Fouuunay a1nturiin1sTiasieidasesay
NSEUINTETUTULT 9T1AS 12 (AHP) wazmaiildan
asradunvudrasmendamansvestiguinisiaunig
vesaue Weduusglovidmiugingiuloveluns
Wadumaluddmsunisiausaansisae lnemdaianig
Aeanisaunatuasiduniavesilduinisass edrudu
5¥UU lnenansiaTginuianelavesdlduinisee
seuuladainduaznisvudwlavanslunisiduniiese
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lagarsarsisusUssiansadoswadludagdulaeld
WUV UM
Tngnan133insigsinud g lnea1si ldsalnoans
assaugludwminguasesiidiulng Ianuiianelase
Hadusneg wnuaztiossaiuly Tnedlefiansaduse
Uadganarunelauinludes nuidnglavansiinaudi
wakﬂumummmmmvaaﬂuﬂ’]ﬂ%iﬂﬁmmamLav‘m
tenflanfofitunneaudmiunsyasd Winwozanidasad
Taen15iAsiziAInulatetdanuidonuridnlunis
ez TuUssmumdnnusln AoiFeswasnaifusad
wiuey \Fesnruasafevesilagans Sesanimen 3eq
filaflngans uazidomginssuvesnudusa
dmsumieseitteiidmansenuiuladafndeu
nMsvudisolagansanssai warnadeniianigadmiusa
Tngansansisazunaziuulagldvaiianszuiun1sainu
Fuiddinaedt (AHP) Tngmsiniesiegingudiegiaaniy
Wudwmfmﬁﬂmaqﬁﬁ]ﬁamm NINQUUANADAIUIIAT
(0.246) AuNaN1IE (0.223) A1ULIaT (0.204) A1UAINY
Uaeade (0.177) wagdmuudnns (0.150) audrdu Tneiina
N139A9UAY (Ranking) WuIMMLLaanIalaga1sUsed v
1‘1/\|‘17\1'1ﬁ¢haaﬁ'am Faoradumadend a4 laly
UIAR LuaamﬂmauiwaLiawaqﬂmmmm mlmmﬂ
WUUEBUAINT19A Y UONYINT wamﬁamaumuwa
iausuuzifeulovielagldimadanismdineuiiadian
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melinaniidte ienisudufoauuduguasesiil fu
ndugafie vva. guaresdldldgaieatu anmsld
wuuiaeslymnsiiunnsveaueig (TSP) wanani1sin
dumslaeidumadmiu 7 antuiisiuegil 11.6 Alawes
uaztdumedmiy 11 aanuiisimeyil 41.1 Alawns

faduurihauidefionaresenlusuianlasenaiiu
Jadngoonneg srufsasnariseiulunisiiudeya
dmsunuuaeuay uennilumsiinsiest AHP faula
olszvingueihnsiaauladianatu deendasdmin
vestladulindusiouniloudu eusnmadendidiiani
919619 u dmsunsasnqudlnsarsidudu daunis
Ansesinmsdadums Wuiimnnsaiiazingldauts
salagansuszdmalainifumaziunldluonanuagsn
Tasansasaumitldegluiiagiu afu Jauueuniinis
Jodunsasalagarsuszsmndlaiinsautusoaosuan
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UNANED

unarwiiiauensfnulassaiageinialilulnagunsasnadaiugiu 3 wu Ae Amdsuiiuii wnau uay
auwden Yousneviethadussuiuswdmiunmsussgndldonlutauanuinirsdseinnuunsgiu IEEE 802.15.3a sag
Tur29m210d 3.1-10.6 GHz shsmafiansiwIzULTEUIUNT 1A awEJmmmqﬂLLU‘UmﬂmiaaﬂLLUUqummmaﬁ'UﬁuﬁﬂJmm
Taosam 34x34 wa” gnasnannusiulsesiiast vuiaggiusesslin FR-4 fiflaiamun 0.764 1 Tasmsiiasgyitazesnuuy
aeemAIdun1siasaLuUNsauIivaAnlideTUsunsy CST Wiellnmeimlassaiasoimaiafiaadeluaing
aMeoIMATULUY Fanmsmageunuiilassaivageiniafineuaussievsaudfildnuldifian Ao argeinialululnagy
Audoniiui aseunauTsamAReuRLE 2.97-12.26 GHz SAdnsduuundiag 4.53:1 fuvugUmsusndsnuuuusey
firna Tendnsveneiadonaondisanudiildam 3.07 dBi waziivszavBnmuesanenannniniosas 99.63

1dfgy: arganialululng, vietAAUIELUIUTI, AN8INIALULNETEY, ANUDNTINEEIN
Abstract

Do

This paper proposed the study of the tuning of 3 basic geometric structures of monopole antenna: rectangular,
circular, and triangular shape. The coplanar waveguide fed input signals to these antennas for ultra-wideband (UWB)
applications as the IEEE 802.15.3a standard, which covers the frequency band of 3.1-10.6 GHz. The frequency
bandwidth enhancement technique exploited in this work which is the slotted on the ground plane. All types of
designed antennas have an overall size of 34x34 mm?. The fabricated antenna structures were on the FR-4 printed
circuit board (PCB), whose thickness is 0.764 mm. The antennas are analyzed and designed by using the
electromagnetic field simulation CST program to optimize to the best structure for antenna fabrication. In the

measurement process, the results showed that the best response, S;; < -10 dB, cover the frequency band of 2.97-
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12.26 GHz, was obtained from the rectangular monopole. The bandwidth ratio was 4.13:1. The radiation pattern was

omnidirectional. The average gain over the frequency band was 3.07 dBi, and the antenna efficiency was over 99.63%.

Keywords: Monopole antenna, Co-planar waveguide, Slotted antenna, Ultra-wideband

1. unih

Hagiulussuudeasuuulimelunaunuininedeean
(Ultra-Wideband: UWB) »1u31¢15§74 IEEE 802.15.3a ﬁgﬂ
rﬁ‘v«wﬂmﬂﬂmzﬂﬁmﬁﬂawﬂ"wﬁ’uaLLaﬁﬁmﬁﬁaaﬁ
(Federal Communications Commission: FCC) @14159
sosfumstdenld 2 9aeaud fe Yranudldensi 960
MHz LLasszhammﬁgja 3.1-10.6 GHz fiflwuudiniini1a 7.5
GHz wagazduvuinvluunazdndruresnivasdeyyiu
wnnirderay 20 niedn1slduauAinuduinnin 500MHz
Timdanusszeglnduazaanuduiudvesiamuingy
(group delay time) fia1n19vu29t1a1luLtAy +2 ns
(Bustamante et al., 2017; US Federal Communications
Commission, 2002; Coase, 2013) ?fﬂﬂaqﬂ’uLwﬂIuiagLLau
audnfudsndunumiduegisanndenisuszgndldau
fun1sudadeyaiifesnisanuiiguaznisdedeya
Fmandusiuauann wu Waeanslaswiglfaeuusnanie
uysdiiemAnuiinniviasnanieviensiaaeulsanii
melusrmensemenisunndiluldnuludueiesdion
sosn1sauwiuglunsige Tudiureseimsdtnauay
gnldausunisdeansanuirgudousegunsaiuszian
Tt Wsiaamed Usumed ndesmnesuviondasineinle
JOUARIHANIN TEUULAT BFE M30TTUUAILANSATUITA
e 9 Tudreans wazlusumsdumdiuntsesingi
1@ ouiideA i udIgeisseiuuRng (Wudu 91
Uselanitlgnanaunty TumsSudedaadeyauuuliane
ameemadsdeilugunsaifiddn vimihilsitussuudeans
wuulfasannsndedeyalagndesniufidosnis Jelad
nidenasauiingieny Andunariauiaisernialuuay
mnuiinednlfivssans amannd ety Tnednlvgas
Warudulaseadsateeiniai o iszans anuay

[ '

AMANYAUZAN 9 VBIAEINA LU NSLANBUNLAUTLUUR

9

AN TN T UNTBNSHRNUSEANS ANvesageINA

TWanunsaldnuamzguanudfidents fremadasi 9
W TETemEonzRIe AR IwNEY (radiator)
LAZSEUNUNS IR ED IR (Chang et al., 2005; Jan et al.,
2006; Song et al., 2007) #3aufi uafuUS U fauand ey
3%UIUNTIA (Song et al.,, 2007; Naktong & Ruengwaree,
2011; Kaewchan & Ruengwaree, 2011; Moeikham &
Akkaraekthalin, 2011; Naji, 2013; Ruengwaree et al.,
2013; Vyas & Singhal, 2014, Jalali & Sedghi, 2014; Bhaskar
et al., 2016) msﬂ%’mﬂ?{ausﬁLLsiwa“ﬂqm’LugUmmammjm
N9 9 3UAUNITYIEHINDIUAIVBITTUIUNTIIARUUTY
v'ula (Naktong et al., 2016; Naktong et al., 2016;
Thongbor et al., 2016) Fafinanaun danedasinanay
dawalilassasisageiniraunsadiAduiuauguuuaInY
nadurilvsesiunmsuszgndldauguanuiuoundag
§470 MuAIMTIU IEEE 802.15.3a Wil aduai s
wuidsfigadesfe Tanusufiduanunndsdamalflasains
Y89E1801N1AAAANNT UL D UBINABN1TUNLUAS 19939
(Chang et al., 2005; Jan et al., 2006; Song et al., 2007,
Naktong & Ruengwaree, 2011; Kaewchan & Ruengwaree,
2011; Moeikham & Akkaraekthalin, 2011; Naji, 2013;
Ruengwaree et al., 2013; Vyas & Singhal, 2014; Jalali &
Sedghi, 2014; Bhaskar et al., 2016; Naktong et al., 2016;
Naktong et al., 2016; Thongbor et al., 2016; Naidu &
Malhotra, 2016; Edalati et al., 2017; Bikram et al., 2017;
Madanan et al., 2018)
mndgmiinaldludefunuisedsdlunande
Anvuaziamlassaivaigenadimsudssyndldluiay
ALAN319E 981m AfinsandunounisUulasadned
Fudounien19donldus 19AILHNG 91U I189INA
Tululna mﬂgwiaLimﬂa'jmﬁugmlﬁm FGIVE G
gﬂammﬁ‘am wargusnay 911193589 (Naktong et al,,
2016) lavinns@nwinatianisusulasedssaigenid 2

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 18



NUEJ

Naresuan University
Engineering Journal

daufe TudiulsnyinisusulaTiadaveIiuA NS 19U uag
duT @099 N15UTUT U 1aussuIun 1R e 28015481
AP ILAITIABIRIULUY 2 Tu denariliiAnanseinied
NuNsUSUansasesiunsUssgndldnuiiauiaaey
ﬂqmjmmm?{ UWB Wavuaiidesns uanudeidedesiany
Fudouvaddaseadiedingy uiTedsainuuAniaye
n1sanANTUTaurnInN1sUSUlATIEs19R8n1sUS ULy
Amoaunaiios 1 adavituiielfansernafidduiiuaud
LuuAdavisessunisldauasounqueuaud UWs 1¢
Wuieafy Mswnziaenaiissnsafoidenaovinln
WWaAugugounislasassaueInrantouas WiladnAgy
9931u3 L unsusulaseadranuuing drenisdou
Fyanuuviethad uszuiusan (Coplanar Waveguide:
cPw) ielilassaivangenmegluszuuidsadudidou
oy Jndenlassaiaivoinialululna (Naktong et
al.,, 2016; Naktong et al., 2016; Thongbor et al., 2016) ‘1'7ll
Tuuugunisurwa srudneazid usousm Anig
(omnidirectional) w3adssudyaralanniianie lagdien
Sasvenvangslisnnii 3.28 dBi fidnAnnuninsdinduns
&3 (Half Power Bearn Width: HPBW) Lyinfiu 80 (Balanis,
2005) wara1u130nevaLBIian1TUIEy AT IUiuLaY
puanieBsenlidueged welanmsenzimeuasuy
SYUUNT AT IED IR L (Naktong et al., 2016; Naktong et
al,, 2016; Thongbor et al., 2016; Naidu & Malhotra, 2016;
Edalati et al., 2017; Bikram et al., 2017; Madanan et al.,
2018) gniunld dmsun1siiasievinavesaduiuaudg
wuudiavidndinisaseunquiouaud UWBldaduUseans
AM3aETEUNdU [Sul (dB) 1Usznounsinsesiiiesannua
Y99A |Sul (dB) Wevnisulasnanduazd snas oan
SufuauTLULAInlaenss (Balanis, 2005) MuAseildns
F1assuuvIdIsdInsun1susulassangenalagdenly
1Usunsu Computer Simulation Technology (CST)
Imaa%wmammﬂﬁﬁwLauagﬂaaﬂLquuLLr;mesﬁmN‘

'
a

AfiTangusesvila FRA MidauauURluduyesrinim
thnszudliinasd snzdumsldonlugueudgdladu
98190 (Naktong & Ruengwaree, 2011; Kaewchan &
Ruengwaree, 2011; Moeikham & Akkaraekthalin, 2011)

dmdutumeulutiauenisispilseneulusenisdne
Wawlassadsaseinaludind 2 11500nLUULAZKANIS
$1809d2uT 3 n15as1naznadautinUSsuisuNa
awoInATUIAdeRi1uIndud 4 waznisagunadiu
anvneazgmiausludiuil 5
2. MsANINAILIIASIES19E80NA

NSANYINAILILATIES a8 INAAINS UTBISUNIS LY
PuLaUALan e fiinnsususiueulidudewsusie
N5LEENFUINVDIIUNNANUYBIANEDINA unauAdeil
Fednauesunsnsviadai ugiu 3 gUnuuldun 3u
dwdsuiiui 3Unaw waggUaamasy (Naktong et al,,
2016) 1n8AISATUIUNITIALADIAN 9 VDIAI1LDINALUS
Funousenldiiu 5 funeu Ao
2.1 MsmIRunYUInYasa 18910 IAlAe T

ﬂummaqmammﬂimaimﬁaaéﬁ’u%gﬂﬁmsmumQﬂ
Avumdususiuusn 1 eldlunsinuanaz muiam
wisfiwesdu q vesmwondludwudnll aweaisenia
Tnesauaintsaaiulalaainaunisi (1) - (4) (Balanis,
2005; Prasanna & Sridevi, 2014) lagfa15aunann1 i os
s 9 vesanwemafaansluguil 1 luguil 1 18ulassadha
yesangenalululnasunssdivd sududrtousaevien
adusyuuTa Tnslunseuwandesduduarfinnsandas
AMUARITEITEUY UWB (3.1 GHz) Aouiflesninizdwnase
syogAMENAAY (1) ﬁmmﬁqmﬁa

W, = 0.57c 2
f g +1

r

) (1)

£ () (2)

eff

~ &4 030

(24 + 0.3)(\’::1 +0.264
AL =0.412h

(wu) 3
(£ —0.258)(Vr\:1+0.8j
_ 0632

geff

—2AL () (@)

L

Tag?
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f, Ao AmwmsTouuus (3.1 GHz)
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AL #e arueninisnszarenduluwuaduaualih
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g, AB ANYIITEIINAUANAINUDITEUIUNTIIN

g, AD AMUENITENINAIMANSINUAINUFIUTBY FRE

- > y
L % 74X
1 94
Lo
L
y ng 1
Lg |_3
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= >
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R vy ooy
& AW TTh 2d.x

JUN 1 lassadsangonielululwaguamaeuiiuiideusevieinaiiu

TEUUTI

22 MISHUAYLINYEIT NI S IR

mniarsannlasiasiavesaganalululnagunse
Awduiudteusieviedinduszuiuitananadsgui 1
A1U130ALIUMIATHNNTNLAEAINENIVBIR NN UL
a7 (5) wae (6) (Balanis, 2005) fio

(131.) (5)

-12
W, = 0.351[5f ﬂ

0354

S

Wo A8 AIUNT19VBIR LAWY

—2AL (1131.) (6)

Tae?

L, A9 ANEIIUDIFILNNA Y
6?ﬂua'aumsﬁaué’fgzywm’fmﬁuwm (2,) vI9iv
\Wousia SMA uanafaguil 1 Tiudaaeeinia dmsu
mu?aﬁ”&ﬁﬁ%%‘miﬂauﬁiyiymuwvfaﬁm?{uizmuim
é’wmwaamaﬁwé’ﬁyzymgﬂLLUUﬁﬁaﬁﬁzyzymﬁ’Uisuw
n3nazeyluszuufAgInulagaLilssuIuNT 1A Y
oy iaansd e dya aduandugui 1 1ngde8q
Amiwesildlunsiunununsd 1

A5799 1 Awsfiwesang 9 Aldannseeniuvagenieiiloiu
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fuus U (13.) fuus U (13.)
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02 6.50 04 4.60

ANNNSITLRBSANNANTIN 1 dduimdaanunsafuIdle
faaunsaelul
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w, = 2:283x¢ (1) (9)
fr geff

L, = 0224xc (31 (10)

4 fr\/a

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 20



NUEJ

Naresuan University
Engineering Journal

Tne?

W3 Ao ANATeesanetindeygio
Lz Ao AMuEvesastndeyyIu

o

s 1

Wy fim AIUNINNVDITEUIUNTIIATIU

A ]
L, @D ANNYNIVOITEUIUNTIINT I

2.3 MIIMIUAYLINYOIN ANAIIUTUIINA
nsAINATAvesageInIAsUnaNiuaINTe
AIlAINaNnIsN (10) wax (11) (Balanis, 2005) 1o

_ 8.791x10°
f.\fe,
r— F (w31) (11)

12
1+ 20 7F ) 7706
e F 2h

a a o '

ALUTLANTNAVDIF ILHNA NN ULUUINAL (13.68)

F (10)

Tneil
F

o))}
e

3]

= Y '

r A9 SANURIALANAIIULUUINAY (12.32 W)

W aliuA I NATaLUAINIITWasNaNA1SN (10)-(11)
ausouansnslassaialugun 2

y
26X

3UM 2 lassadeangomialululwazurnauteumevietndu

TEUUTIN

2.4 MsAMUATLIAYEIT NSNS RIS
mu%%’aiﬁaﬂmammﬂgﬂamm%mﬂué’wmzmu
AU ANTATUINAIATVUIAAIINYIILA AL A 1LV
dreen1Aldauntsi (12) (Vishwakarma et al., 2006:;
Sharma et al., 2008) LLazIﬂiﬂa%"Nm&Jmmmmméﬁ’qgﬂﬁ 3

2C
=—F ) (12
L 3fr\/2 (Hy.) (12

lngi
Ls fo mnugmlunilsiuvesmeainiasUananvaey
(31.11313.)

s/ \s

y
26X

3UN 3 lassaisangomialululwasuanumdendeumeviednniiu

FEUNUTIU

2.5 maSyuiigunmanUneINn1IIIaeuuy
wisdieedeng o Tuased 1 @umiildnnniseiam
Tnssasravesansernialululnad dduindsnudugy
Awdsuiuiniiteudyaarudiseiothadusyuiusiy
AWMUV VDI IENE LU VA B
2naunanieldissui 2 uaz 3 uidddwnimesludau
szuunsAUEIRuAUlugUT 1 dmunsusulaseaing
angemATesi 3 sUuvazasuglitaludusdely

L)
.
Ly Ls Ls
y y s y
oz -x z2d-x z .é*x
(n) gUaAmRLURURN (v) Unay (A) gUanumdey

3UN 4 madFeuiisulassaisangennialululnaris 3 JUuuuEusy

wieliunmsaunsesnuuuasenmAniuside 2.1 -
2.4 FJihnsasunuanuurvedlassasiagonialululng
tousheoredussuuiiuitugiuia 3 sUuuulilugunin
WWertusauandluzuil 4 uazilassaisesaeennienion
wsdimedeng q Aldmununieseinasaenismssiaes

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 21



NUEJ

Naresuan University
Engineering Journal

wuulneldlusunsuy CST 31ANANITT1A8IUUUNUIN
awoInaa 3 gUuuuiildiiaueindeuidagenrounth
e 151 (dB) #1n371 10 dB TugneuSiimud 3.1 GHz
auitlgvinseenuuulilududy nanisrevaussiangin
LLamé’ﬁgUﬁ 5

10

0

R

-20 =

[Sul (dB)

-30

— meomaluluInagudmaenivii

-40 — = meomaluluTnazilanan

== gngenmalalulwagdaanwaes

-50
2 4 6 8 10 12 14
Frequency (GHz)

FUN 5 HaN1591009UULYBAN [Sy| (dB) AildananserniAlululnagy
AwdguRui Mnaularanwmduneun1suTulaT@EI

93U 5 dunalédn awernmalululnaguisnaniinig
ABUAUBIAUAILA 3.1 GHz unTiqa sesasAegy
dimd sudud uazgUamd susuddy Aanansaa
AMANTAIINNITTINOILUUVBIAINITITLADT 9 VO3
Lo INIAI 3 E‘ULLU‘UQ’mE‘U‘ﬁI 5 giamnsnadi 2

A191990 2 AaENTRIINNITTIARRIRINTTITWRS 9 vedEeeINIA
4 3 gUnuy

awend | Audsuiuin 1NaY anumidey

YIAVDIAY | W, = 21 1.

R Ly = 16 231 r=12.32 4. Ls=31.11 4.
[S1a| @B) -18.16 -28.97 -14.89
VSWR 1.24:1 1.09:1 1.48:1

Gain dBi) 3.14 3.78 2.95

BW GHz) 1.96 2.37 2.16
Zant (€2 4391+1.35 53.62+j6.26 40.22+j20.66

3. NN9BNLUULAZNITINADILUUVDIEIYDINA

Tululwaduuuu
nseanwuulAsIEsEsaINIARULUUIS LG UIINN1TE
m‘wwmﬂma%maamEJmmﬂiuiuiwagﬂwmma’imﬁugmﬁ'ﬂ 3
JUNUUUARSFIgUR 4 3UFuIUE sulaseada ey
UszanSamvilvaseinidaiunsasessunistidauluvay

auaniadeeanld nddedunounsninisiassiie
Sul (dB) vasaBRINIAYA 3 EULLUULLamé’qgﬂﬁ 531n3U
wuItguaud 3.1 GHz tu ISu] (dB) fAsindn -10 dB
uidefinnsaniigrunnuigefeiiaud 4.5 - 10.6 GHz
|Su| (dB) #A1g9n31 -10 dB aaonguANd UWB Gl
ansntharsenalldaulugruanuigdlddadu e
uiladgdananngidevinisussgndldmadansiegiiy
AIMBILAIUUSELTUNS AT @iy (Naktong et al., 2016;
Naktong et al., 2016; Thongbor et al., 2016; Naidu &
Malhotra, 2016; Edalati et al., 2017; Bikram et al., 2017;
Madanan et al., 2018) ¥84@1881N1A SIUAUNITNIITEUN
NAMDUALBIVBIANEINFREAIUANAIIVOITNAVIND 4.5 -
10.6 GHz (7.5 GHz) A 180157 LASI8W LayATUI
Amnsilnesvesaiennialmidnadiieaunisi (13-14)
( Naidu & Malhotra, 2016, Matin & Sayeed, 2010;
Mahmoud & Hamad, 2016)

EORS

W,
] e

L = 32;; 0S” [RJ (uy

Le f® ANUENIYBITRI5EUIUNTIIN (1.)

Q) (13)

) (14)

Taen

Rin A8 AU UIMUauNg (Q)
Z, #e Aduiiuaudiendng (50 Q)

dmsunisUszgnaldinadanisens A uimosuasuy
sTununIIAaEdRen s utsimgadlunsiens
A29991A9 NAIABYIINITTIABILUUNIAIAIUNUILLULAY
E‘UquﬁﬂmwmmsLLauuﬁuﬁmaamemé]’aawmmm
WisldUsyneumsinssdimiumlsmsinsiuiameundi
dananouausaiumNAfidesnsuniign InNaTIaDILUY
A A sangULUUTinNd 5.5 6.5 7.5 8.5 uay 9.5
GHz wulwannsassuuiivuldululuirmadaiu
AoA1ANMUILLULAE T AN19YBINTEUANUTING 23N

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 22



NUEJ

Naresuan University
Engineering Journal

Ushuieatufe unasuawesiiwindsnumduge
Foudatuanethdyarudmsudeudyaiauwazusinm
FuvLIHLIELIUNTIAIARIR 1L Kaguil 6 (UTnuiuiid
WAY) WARIAUVLILYULAZTiAVNINTZLET LA anNNaNI S
Fravauuuiinud 7.5 GHz aguldiinisusulassaiia
ANUDINIARITAITYIZTDIVTIUAINE1ITIAINANTZNUAD
ﬂmauﬂ’ﬁﬁﬁwﬁmﬁuaamammﬂ (Ruengwaree et al., 2013;
Vyas & Singhal, 2014; Jalali & Sedghi, 2014; Bhaskar
et al., 2016; Naktong et al., 2016; Naktong et al., 2016;
Thongbor et al., 2016) L UATLUUTAT DUNUAUTULAY
Snsvens Wy wndign

(N) HANTINABILUUANU MU IMUULALAAN VRN TLUAVDIAEDINA
Imluiwa;:ﬂamaamum

(1) NSRRI M ILLAE AT BIN T UAYBIAE N A
Tlulwagdaenay

il
(M) NANITVIADILUUAMINRUILUULAZAANIUDINTLUAVDIAE DN A

llulwaguanuwviaey
3U#1 6 MsilSeuiiigunadiaesiuuAuLILLLLaE IAN9Ye4
NILUATDIN T NUEINBIUAIVDITHUNUNTIIANAIND 7.5 GHz

PNASANYY AUIULALILATIERNANITINADILUUVDS
ANUMUILY ULA YT AN V89N ELAYBIANBDIN AR 3
';;ULLUULLazlﬁﬁwmiLmsﬁyuﬁamumw%nmﬁﬂdnm
nagnsilaannnisusulassadrstananleinausluiate
faly

2
& o

31 HADINMISIEIETUAINOIUNIYOISIUIUN T 9504
m”méz/mmya7f7Wﬁi‘/‘@“’auﬁwa‘“wvuiﬂﬁsz‘faﬂﬁuﬁ?

mamimaamuwaqawmmﬂmmmuwwaamuiﬂ
AasuiuifiinsyuRame wwAsUS NS TIIUNS IR
aaaéﬁuuamﬁqgﬂﬁ 7 mﬂgﬂﬁ 7 nunmsusunglaseasna
ae1nad swav A nn151Ua sundasan Su| (dB)
wisdmesnemenmiiiansanlunisensiiuimesuns
USIUTTUIUNTNAUIZNBUMENITITRBS 2 AIAIUIN Ws
wag Ls g iivinsusumnnidinesiies 2 daiendnalsl
FULDUVBILATIAS9EIEDINIA HILRUIVDINITITLADIUARS
Faguil 7 msUuruIa Ws azimuaeiasiiliviniu 10.5
U3, uAvnsUUIUIN Ls Aaus 1.5 2.0 2.5 wag 3.0 .
Afidenususanarndumdiliussunaaiainnisaiuim
awanns (14) whudosdu

LG%:f [
W5 y
Z&»X

3UN 7 lassaievesangamialilulwagudivaeuiiugi

YIHANT1531889UUNSUSUIASIES19909d1881N AR

JUN 7 WlTguiigunananinaguil 8 nudtvua Wi il
YUIAYIAY 10.5 U, @ Le NUUILUNAU 2.5 W dewa
#oA1 |Su| (dB) vilvianee1n1AneUaLeY1ANNDRNgALAE

ATEUARUANUETITUNINTA TgnTrdIuLUuAIniog
4.58:1 (2.81-12.86 GHz)

10

0

% . o —
W o= <
w AV

-40

[S14] (dB)

-50

F
= = mwomalululnaiugm W5 =10.5 mm, L6 = 1.5 mm
-60 —>— W5=105mm, L6 =2 mm —— W5=105mm, L6 =2.5mm
—— W5=105mm, L6 =3 mm

-70
2 4 6 8 10 12 14
Frequency (GHz)

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 23



NUEJ

Naresuan University
Engineering Journal

gﬂﬁ 8 HaN3$1@UUUAN [Si1| (dB) VesaweIMATIF KA Y
sUAwABRuiAldnnsUTU Ws uaz Ls
3.2 HRVINNITIYILAINOIUANYDITIUIUNTI IR T
V998189 1M AR WANAIIUF29nAN
sUuuulassasangemAsULuUTidesAeanseinaly
Tulnagtrsnaufiimsusuuinassununsduansdagui o
A3l nuaAAeilfiy Ws iy 4 uu. udandenusu
WA Ls Kaust 1.5 2.0 2.5 wae 3.0 . wuieafunsdiusn
IINNISTIABIUUNUITIVLIR Ws 1Y 4 13, wazaun
Ls iy 2 . sfuvilofen [Sul (dB) ﬂsamqmmmm?{ﬁ
THaunnfigauasiidasdruuuudiniogi 5.30:1 (2.61-
13.82GHz) %ﬁﬂiawqmmummgw IEEE 802.15.3a (3.1-
10.6 GHz) nan1ss1aeuLiildainnsusulassanseinie
LLamﬁagU‘ﬁ' 10 usidivedanaludismud 6.25 GHz Hu S|
(dB) #is1n31 -10 dB Aeudrad lndidu -10 dB un &
wansfign A ilevluadiseieiuas fesdiliagunsniiisio
Saufushansonafidmasiontsintiouyes IS1] (dB) Fiudial
uﬁﬂfyu (Naktong et al., 2016; Naktong et al., 2016;
Thongbor et al., 2016)

Le +— —]
y
Z&»X

U7 9 lassafsvesagemalululwagunnay

10

-10 x’ T
N \‘?%

-40

[S14 (dB)

= — awomalululwaghenan  — W5=4mm,L6=1mm
-50 —— W5=4mm, L6=15mm —— W5=4mm,L6=2mm
—— W5=4mm, L6=25mm

-60
2 4 6 8 10 12 14
Frequency (GHz)

3U# 10 /1 [Su1| (dB) vosango1nAndfIuNng U nauila Uiy
Ws uag Le

2
& o

33 WAINNITTIFWUAINDIUAIYOITEUIUNTIIFYITDN
AIUYBIA1Y0IN AT WANAIUFUA A

¥
L6 T T [

e — y
% 24 ox

UM 11 Tassasvesasonialululnaglanavaey

10

0 %ﬂ, ————— g
- ,:.:_::,::’-_::’_,;;—‘—%— —— —,_;
N -

-20

-30

[S1a (dB)

-40

— — meomalululnaglanavaen — W5=125mm, L6 =15 mm
-50 ——W5=125mm, L6 =2mm —— W5=125mm, L6 =2.5mm
—— W5=125mm, L6 =3 mm

-60
2 4 6 8 10 12 14

Frequency (GHz)
3UN 12 A1 [Su| (dB) vesmgananiifusndsuglansvieiile
U3U Ws uaz Le

Tassassaeainmawuugaieoidulaseasisaseinie
Iuiuiwagﬂamm?{smLLamﬁﬂgﬂﬁ 11 lngmuuavunn Ws
Wity 12.5 130, uazyinsidenu3uaunn Ls saus 1.5 2.0
2.5 uag 3.0 Y. LWULRLINUNTELIA MNNANITIIABILUY
wanafaguil 12 wudinisusulassadnadaentsinsiu
Aveaunafiounn Ws iy 12.5 U3, wazawin L Wity
2.5 Uy, dawaliia1ves [Sul (dB) nevauestienudldny
§ffign Insaseungquanudildanuinnigaiidnsidiu
wuuAInsiegd 2.41:1 (3.58 - 8.63 GHz) widaliinseunqu
AIUETUAIINE UWB

3.4 WEgUgUNanMaNTAIINNITTIABIUUUA N ITIYIY
WA INOILANYBITEUIUNTIIAY IFD9A 140 9lATIaT 14
F189977A%9 3 UUU

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 24



NUEJ

Naresuan University
Engineering Journal

nawisuifisulassadsmsemalululnasis 3 3Uuuud
ﬁﬂmsawﬁyuﬁwaamewzmumnﬁLLamé’ngﬂﬁ 13 &4
HAIINNSUS UL BUNUIINI519129 8971 52 UUNT1IR D
anwenIAEsaLNAN UL uT LA InlEn 3 N Ty
mudeduiuguiinalineuniness

BER y y
zd-x 2&1

(n) JUAWRELRURN (v) Unnau

[IED

(A) JUaVREY

UM 13 msSsuiisulassaisaneainialululnana 3 suuuuiled

AT NURIVDIUASUBITTUIUNTTIA

HaETUaINNT5UTEUIBUNAN1TTINABLUUAINLATIA T
i1 3 wuinlassadrsanseinialululnagudina suiuin
wangansensldaulugiuaud UWB undian sesasn
fe lassaswangonialululnaguiinau fawidangeinie
Tululnagursnaufiuvudiavildaunirsnitwuudivaes
Wadntios uatesosiinufoa Syl (dB) vasasarniAly
Tulwaguasnay Uszanadaanawid 5 - 7 GHz SalndiAes
-10 dB 1u€umz1’7f‘gﬂmaﬁw?{wﬁuﬁﬂ5u ISu1] (dB) HudiAnsn
171 -20 dB luteanudfsnanvieussana -15 dB ey
maamﬁgqLmummﬁﬁiéﬁmumummgm IEEE 802.15.3a
dnsulassadaeernialilulnaglaumisud iy
A1 [Su| (dB) danmladaauansennialassadnansald dslsl
ATBUARNTBISUNMTITIUAINNINTFIU IEEE 802.15.3a KA
MsRBUfEUNaNSaeuuUa 3 nsdlannsauandldes
U7 14 uazwaajUs1Bazdonsing 9 L LLANYDINANS
$raswuuuiivedassadiasormelylulnans 3 wuu uand
Fapnsnedi 3

10

w0\ 1

@ -20
cJ \ )\/\ /\/
— o
& -30

-40 — mwomaluTulnagdmasiuih

50 — — meomalululnazilenan

— meomalululwagdammasn
-60
2 4 6 8 10 12 14
Frequency (GHz)

UM 14 wamsdnaesuuud |Sii| (dB) veseegeimalululnans 3
JULUULRHNSINE HURINBILAIYRITEUIUNT1IN

o a o av v Py
A151991 3 SearidunnanisInasawuUilianlasEdeaneenaly
Tulwanis 3 JULUUEIBIINSYNENURIMDIAIYBITZUIUNTTIN

1598519 YU

GRECR] Ws Ls % . . BW,
Wivbnade 3wy | G | auy | ©F ] (G e
RIGRIGER I 10.5 25 7.84 2.81-12.86 4.58:1
PN I 4.0 2.0 8.22 2.61-13.82 5.30:1
sUavdey 12,5 25 6.11 3.58-8.63 2.41:1

nduinisIsudisunaiildainnissiasuures
awmmﬂiﬂuiwagﬂﬁLw?{auﬁuﬁwﬁé‘fqigj"lﬁmjmmzmgﬁu
Amesuasiiszununsdiansidluzuil 15 9nsudaneléi
MstnEiufmenIfissuUns A zdNalnensIiUNS
YBLUUR A YeEI8INARDLAAN Syl (dB) SAsnT
-10 dB ATOUARUAABATUAIA 2.81 - 12.86 GHz Favili
anvamesanansessunsldiunasngiuninud UWB n1s
Wisuwsua1duiwaudvesatgeinielululnagy
Adsuiiugee 2 nsdluandanssi 4 9nansed 4 Fune
iﬁdﬂm'iLmzﬁuﬁwaaLLmﬁizmuﬂinﬁdamaiﬁmﬁuwm
DUNULAUTVD AN ALLAIUAITIUINIUANIN AABAYI
AuaAldudalndides 0 uanndinsalawizity
Aameauns ¥lFAnnsLuRTSuRLAUg T AnIn drusuan
IUINITWeBUNRBLTLAUGvasam BN ATiA InAAL iy
AU Z, (50 Q) urntduLf ey (Naktong et al., 2016;
Naktong et al., 2016; Thongbor et al., 2016) AUAUNUS
Y89A7 [Su| (dB) @u1sarulgound Ul uAI BN LAUS
wuusaviledsaunns 15-18

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 25



NUEJ

Naresuan University
Engineering Journal

10

-10 \ — I e
\\//
:40 \

-50

[S1a (dB)

— gahimzAmemnaszinunsd

— mtwﬁmaauﬂwawxmumnﬁ

2 4 6 8 10 12 14
Frequency (GHz)

JUN 15 MswlSeuiieunanisinaesuuy [Sul (dB) vesaweinialuly
InaguamasungdlimnzuaziensNuRmewmafiszuIunsTm

Z -Z
r==t2 15
=777, (15)
M=Ce® :fl=@zlA)) (16)
RL =—20log|rl| @By (17)

Z +]jZt |
=z, o 0% AU (A1) @ (18)
Z,+ iz tan(pl)

Tne

I, #e dulsydvinisaviioutesanseinie

Il fo dudsydns nsazsieuaeirdyyiailddnig
goylde

| Ao AueNIEgeInNIe

Z, fo duiiuAUgURIEI8eINIA (Q)

Z, #e Aduiiuaudio1ng (50 Q)

Z, fo Buiiuauddunm (Q)

RL fe nsgeydedoundu (dB)

M19997 4 MsiUTeuiisunuanTRA1BuNABuTuaudvesaBeInA

Adunaduiuaudnow | ABuNABNNUANTRAS
fe nsiwzsas (Q) nsnesas ()
3 GHz 43.19 +1.35 57.34 +j0.89
4 GHz 45.85 -j29.42 62.72 -j2.13
5 GHz 32.05 +j28.64 48.09 -j1.65
6 GHz 95.93 -j30.74 43.68 -j8.69
7 GHz 72.47 -j66.11 48.09 1.65

8 GHz 13.61 -23.50 39.91 5j2.81
9 GHz 15.34 -54.22 4531 -9.91
10 GHz 20.14 -j49.08 60.16 -j17.99

4. NM3ESUATHNANTNAFDU

() WAIBNIATITNLATIV Y

(n) anganalululna
sUN 16 agenallulnasUFmAsNRTn ST NURINDILAN

u U

SEUNUNTMIALALLASDINATIZALATIUNY

‘ — WaMsaes — — WaNITINBId

~ -

-10 \ e
\

\\ ~7\
-20 —7

N7
\/‘,\’/\\// [N
4 \ ol
30 =

- i Ul
\,\ ¥

\

-40 1]

-50

S| (dB)

2 4 6 8 10 12 14
Frequency (GHz)

3U# 17 M33guiisunanis3aedluulagHan1saaey [Su (dB)
vosangemAlululwagUamdeusuLuuldiiaue

1NN1TAMUIUTLIATIENLATIATIUAZAITOOAUUY
ameemadelusunsumsiassuuuaulfrmsiinesia
ﬁqmmawmmﬂiuiﬂwagﬂ?m?{smﬁuﬁwﬁﬂaué’wmm
Festethedussuuiudomaiamagsiuimonnsd
STUIUNTNIARITUT 7 wazthwsdinesilddsnanianld
ﬂisﬂaumia%ﬁamammm%mamé’qgﬂﬁ 16 (n) wazyinns
NAADUAIBDINIARINA 1 I81AT 89T LTI IATITY
(Network Analyzer) §u E5071C uanssiazuil 16 (v) ilotn
mARaENTAg q sTsuiisuiunanissiasauuuille
Tudqurounthil Qmauﬁ”ﬁﬁmmaauﬁa ISu1| (dB) Aauangly
Ul 17 Sns1vene (Gain) Aauansgud 18 n15Tann
mwdiusvesnamiingy fuandlusuil 19 uasnans
Fravsuuuiunsmaaeunaluzuil 20 HasnnsmadoU9ss

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 26



NUEJ

Naresuan University
Engineering Journal

wuhasormalilulwasudimaeniifinissziuiafiszuy
NI1ALENIIEIULUUATAN 4.13: 1 (2.97-12.26 GHZ) &
§M31v18LRa snaanT19Aud (3-11 GHz) 7 evinng
WIBULgUTENINNANITI1a8M UL HAN IR ULIAN
TnalAesAsdAvIny 3.07 dBi nan1sLUS e uLligua
ﬂmamﬁ’ﬁ'ﬁ'u 9 YDAIHDINIATLIINNANITINADILUULATNA
MSNAERUTSUANIERIANTIT 5 nmsIUTATEe Al
AilnaLAgeiy
[5]'1‘5'1\11;’1 5 ﬂ'ﬁLU%EJ'ULﬁEJ'UNaﬂ'ﬁﬂeWaaﬂLLUULLﬁzﬂWiWﬂﬁ@U“UBQ
awomelilulnagudmdoniliiae

#181N"A fe (GHz) Gain (dBi) | BW (GHz) BW Ratio
ERBENAG) 7.83 3.18 2.81-12.86 4.58:1
NaN1TNAEdY 7.61 3.07 297-12.26 4.13:1
5
4 _ . -
- - \il
» ~ N
= ’
g PN Lo S g 1
= 8 z N7 ~~¢”
‘= (4
[U) 7
y
2
—— wamsdnaed
—&— wamsnaaey
1 " "
1 2 3 4 5 6 7 8 9
Frequency (GHz)

FUN 18 N19UTBUITBUNANITIIADILUULALHAINITNAADUDTS
dns1venevesaneenAllulnasUamAsAuLUY

\V : = \/

Network Analyzer

=
\

JUN 19 Msfnsaszuvdsdyauionageumanuduiusveaim

o

mangy

3.0

25 } — Wams$1aey  — ~ wamInaaey
20 T
’(é‘ 15 k I
@ 1.0 A:‘i:! Illn\, '|,'[ 1‘”\\,“‘!'\\ o
X | N o ]
R oG B AN A R IV T
: [RI] W7 1 L
FO H\ J_\—,:—'_p\‘”’_ﬂvrm
o : | Vi
] |
2 05 \
S 10
° |
-1.5 |
-2.0
-25
2 4 6 8 10 12 14

Frequency (GHz)
U 20 NM131UTB U BURANTTTIADILUULALNANTNATDUAT
Anuduiusvesiavaanguesaseinialululnagudivaey
AULUY

F1MSUNSANYINANTENUAIAMUAUNUSVDUIAINU N
nau (group delay time) "chw’ﬁwmiﬁmﬁgﬁswdaé’mmmﬁa
ﬁwnwamaaumé’fﬂﬂénLLamﬁquﬁ' 19 1Hosnnunsgulu
nsfudsdyauiadiidsdoyalsogaiussans nnsead
AswnTevasAInIsmiaaaatlidifiy +2 ns aasnguaud
UWB wlevhnisnaaeudienisuduseezsing R daus 10 20
30 40 uaz 50 Wy, WUITISEEEM R WA 30 By dinase
AUsgAns iz andiafigadmiunssegndlday
Sudadaraniad vilinaneuauesnissudstayagndos
AN B D9 N19N15LUSBULT HUNANITF 180N UUNAZHANTT
nagaUAIANNFUR LSV A MUMNaNUTEEENg R Windu
30 9 LLamﬁqgﬂﬁ 20

A15USHULTIEUNANITINABIUUULAENARBUITIVDIUUY
sUnsuanasay Tussurvaurulafuagssuny
AuIURLANTig29a A B (3.1 GHZ) AIwd nans (6.85
GHz) LLazm’mﬁqd (10.6 GHz) LLﬂﬂQﬁﬂgﬂ‘ﬁl 21 914 23 113
Wisuifisunasenaiiefansannsiasuulasuosuy
SUNSUHNEIUYDIENEDINA FanuInaseInATLUY
giJmiLLr;Jwé“qmuﬁmm?{sfwﬁé“ﬂwmsﬁ]mwmauﬁmwﬁgﬂ
Naf‘l’]ﬁﬁhaaﬁLL‘U‘ULLﬁ%%ﬂﬁ@UﬁﬂLLﬂﬂﬂugﬂﬁl 21

ATANITIUS 8 U I UNANITINaDILUULATNAADULUY
gﬂmnwiwé’mmﬁmmﬁﬂawLLazmm?{qa wuiwaiilgan
msdraeauuliwuugunsurngaudusuusouiianiaus
yaziildnasnnnisnageuasnauidnwazid usuy
aaaﬁmmqﬁmamﬂugﬂﬁ 22 uag 23 518asldunAIsg 9
F1uANA yu VIR UM wazAn HPBW w89
sruvawlinas sEuaUNLLIENLART 1915197 6

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 27



NUEJ

Naresuan University
Engineering Journal

—— Simulated-co
P s Measured-co
~—— Cross-Polarization

/ z
150°
180° 3 > x

(M) ssuvawdniiaud 3.10 GHz
—_— Simulated-co
..... Measured-co

.. — Cross-Polarization
X 30°

1807
(%) STUAULLUWMENTIAUA 3.10 GHz

5UN 21 mswiguiigunanisdiaesiuukasnaaeuLuugUNITuI

WASUNAIE 3.10 GHz
— Simulated-co
0°  eeses Measured-co
o 0 dB . — Cross-Polarization

(n) szuvaulwihdienud 6.85 GHz

— Simulated-co
R
08 . EES Mensured-vo
; __ — Cross-Pelarization

&7 1500
e g’ y

() SyuvauLLmaNianud 6.85 GHz

:
U

NHUNAIUD 6.85 GHz

—— sunulatzd-co
o smaws Nzasurzd-co
— ol e~ CiossPalanzaton

130° g—b X

(n) szuvauulwifienud 10.60 GHz

—— Simulated-co
..... Measured-co
_ — Cross-Polarization
N300

N

1807
(¥) STUNAUILLUMENTITNIA1UD 10.60 GHzZ

Naresuan University Engineering Journal, Vol.15, No.Z, Jan - June 2020, pp.17-32 28

3UN 22 M5 ULBUNANITINADILUULASNARDULUUTUNTUN



NUEJ

Naresuan University
Engineering Journal

3UN 23 115U ULTTBURANITTIRDIUVUKAENAFBULUUFUNITUN
NEIUNAND 10.60 GHz

A13199 6 uuugUnsuIndslusznuantltihuarauusivin

- arnaunan HPBW
FPU A1UD . .
1899 | vy | 91899 | nadau
3.10 GHz 90° 114° 150° 120°
AUy
6.85 GHz 54° 52° 90° 100°
Tl
10.60 GHz 120° 118° 50° 95¢
3.10 GHz 0° 180° 360° 360°
GV
L e 6.85 GHz 180° 0° 360° 313¢
waiman
10.60 GHz 180° 0° 360° 352°

MaUsBuiieunardenuiisuld (power received) 910
msveaeufiauuszeslng (far field) issozivindu 1 4. 3
Wdenszer 1. 11 0991n5388sana19dmanonis
Wasuuwamesimhdsnulsdniunniigauesaseiniela
Tnafuaee AR ILELD AauAz29A2108 3-11 GHz &9
LLamgUﬁ 24 YJrannaesaunIsi 19 (Balanis, 2005)
fuuslinAdduWingy 0 dBm wudsdsunisule
dlefiarsanduasemelululnadimdsueisUssuu
-54.99 dBm FmragaIMATY LA MdsuisUldede
Uszanas -55.19 dBm  @eeniafidaueiiuszansaim
Tndesiuansernalululnawdswiiudesas 99.63

2
P =GGP (ij dBmy (19)
drr
Tned
Py A Massun1aas (dBm)
P, A8 Mavs1unIAsu (dBm)
Gy Ao MasuAIAdUasangaIne (dBi)
Gr fle MaKIUAIASUBEIgINA (dBI)
r o A9 S¥8ENINNIAdININIASUY (31

Power Received (dBm)

-50

-52.5

-55

-57.5

-60

—— mwermaluTulna

* mummﬁﬁuuuu

3 4 5 6 7 8 9 10 11
Frequency (GHz)

UM 24 KaNINAFOUAMENIUNIATUVDIAIBDINIARUKUY

1519 7 mswlsuiisulassadsasonnialululna (Chang et al,

2005; Jan et al., 2006; Song et al., 2007; Naktong &
Ruengwaree, 2011; Kaewchan & Ruengwaree, 2011;
Moeikham & Akkaraekthalin, 2011; Naji, 2013;
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Abstract

The objective of this research is to apply a genetic algorithm for a hybrid flow shop scheduling problem in a
steel plate production company. The manufacturing orders from customers are different in the characters of sizes
and quantities. Besides, there are 3 main processes; slitter process, shear process, and squared shear process.
Moreover, processes have unequal number of machines and production rates. The conditions are the products

must go thru all processes sequentially and can select any machines in the process. The author applied a genetic
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algorithm with two objective functions; minimized makespan (Cpqy) and minimized mean flowtime (F). The

algorithm was tested with the problem size of 5, 10, 15, and 20 orders in order to be compared with the current

method of the company. The results showed that the genetic algorithm could decreased the average makespan

by 12.99% and decreased the average mean flowtime by 26.48%. Moreover, it found that the production planning

time was decreased by 58.74% when compared with the current method. In conclusion, the genetic algorithm

could reduce makespan, mean flowtime, and production planning time significantly.

Keywords: Production Scheduling, Hybrid Flow Shop, Genetic Algorithm
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LA1UAIY (Makespan: Cqy) (Engin et al,, 2011), way
11817 91UD q'lu‘azuuimmaﬁh (Average Flow Time: F)

(Soponchai, 2000) Feaunsii 2
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F o= sSl,F=+3L,C-1) @
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n Ao MUIUVDNU
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Cmax A0 1IAUAUGIER

F fio nanfinuegluszuulads

C; A9 anUanuYesay i 159

7 fio vanfiow @ nSeurhau

1087 Cpray @150 1wl 1na T L lun S HER

udiadatigeiianuesusialaslulen way F anunsad i
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deuwuuaianduidivuneg w3en1anuudizad tag
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WUURBan (Genetic Algorithm, 2019)
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" Y™ Distance
ﬁﬂﬁ'J‘L!j - (3)
Distance;

P~ ]

\ile dney; Ao Ardnaruveslasiuleusian

Distance; fio mszezmeveslasiulonsiii j
waInAIndnduudy Mididnssuiunisadnande
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Abstract

This paper presents the automatic detection and alert of fall in a restroom which is developed by internet of
things (loT) concept. The system consists of sensors, microcontroller, transmitter, and receiver device. The data
are measured by infrared distance sensors and sent to the microcontroller. In this paper, Arduino Uno is used for
processing the fall. Then the results of processing are transmitted to the cloud by Node MCU. The receiver device
is a mobile phone. The alert signal is sent to Line application on a mobile phone when a fall in a restroom
appears. Moreover, we develop the application for the Android operating system on mobile devices. This
application is designed to facilitate the request for help as specified by the user. The test result of the automatic
detection and alert system is the system can alert through the Line application on mobile devices for every ten

seconds after the fall event occurs with 98 percent accuracy.

Keywords: Automatic Fall detection, Internet of Things, Auto alert, Restroom
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gnamnssuNsKAnKLUTNEnsussiufunntu Tnsengluduvesgainin Ussdvsnimnmsiusnaggnesnuuuly
nouAUBIANLFEINITIsNA udlunmnaeuysEAniamiuiinnuenlunseaounasiialdings aunwuesi
windsgnaueulnsmanadeuanianiinamea ey Sddunszuiunesdn nasuiumssatugURuitey
Wunszuaumsiiddaiian esandmansenulasnssiugaiastfimenenmuazUssavsnmusinisiusn 91nnsAnen
U3Eninegs wuidigasiad B Wugnsiifyanigs dnswdnuin wuveadslunszuiunisndndl uiinnisieaieunin
anfgs danadfnannsmuaunsnanuaznsasanuiidiliaseungy szasdueanmsdnuiitadunisléveda
nsnszentiidsnmunin Weusziiuanuduiiuvesssdnsaiwnisiusn auandiveadiusn wazfudsly
nsgUIUNMISRTLIURLTSoU WaduuuamentsiauiauaumanEn 9innsAnwvilinsuigeaed B gnesnuuy
Uszdnsnmlaeiduanuaiunsalunisiusngs Sdudsdrfsy 9w 5 éfﬁuﬂiz‘uaumseﬁ"@ﬁugﬂﬂmﬂ%@uim’lm WS99M
Ui 1Ia1 Srurunddlunisne uagssevenualfiust dafauusis 5 fulsdmanszmueganndenuauifvesiniuan
LazUsEAnSAmNISUI Inmsinamdadiumuddgusiassudstaemaiianisnsanemihiidenunimmwuingen
dndunnuddnusiaziuusesi 15%

AEARY: WATANINSEMENTTLTIAMAN HLUTn UseAvEaInnisiusn auaudRdusn nseuiunsoavuguiusiseu

Abstract

Due to high competition in brake pad manufacturing especially in term of quality, brake performance must
be perfectly designed to meet the customer needs. The performance testing of brake pad is practically difficult
and relatively high cost, so brake pad quality is controlled by physical property tests instead. In production
process, Hot-pressing process is the most crucial step because it directly affects physical properties and
performances. The study asserted that formula “ B” from sample manufactory was high value and mass
produced with low manufacturing waste, yet it received lots of customer complains. It could be expected that
the process control and the detection couldn’t solve all problems. The objective of this study was to evaluate
relationships between brake performances, physical properties of brake pad and hot-pressing process
parameters by using Quality Function Deployment technique (QFD). The relationship evaluation was a tool to

help process control in production. The result showed that formula B was originally designed for high stopping
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performance. Also, it was found that there were five parameters of hot-pressing process; pressure, temperature,

holding time, number of gas release and lifting height; that had high impact to physical properties and

performances of brake pad. In addition, QFD technique showed the significant weight of each parameter which

was 15%.

Keywords: Quality Function Deployment (QFD), Brake pad, Brake performance, Properties of disc brake, Hot-

pressing process
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launlufitwes (Dynamometer) Tunszulunisnanil
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2.1 Bnusn
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nay lowd @158a (Binden), lrliuas (Fibers), @157ng
(Abrasive), @154A3LAs (Mineral Fillers) wag ansvaeau
(Lubricants) (Kosbe & More, 2010) Gﬁqamﬂﬁmﬁwﬁﬂzgﬂ
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sULUUANa 9 (Hemso, 2013)
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2.2 UsEansnmYasknysn
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douUniu 2 - 4 50U ﬁuagﬁumamﬁ%’aﬁiﬁ% Tnouray
soUvRINITAeULAEifauTiuanastusenly 3414

namazsouliaisiiu 2 e lnerauluudazsou
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Tiasrzinauardunsginaluuszifudig q deldin
wuvasunuluseunsly
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1 wazyhbiduwuvasuausasdulszidue danauly
ﬁﬂﬁ;ﬁﬁmmmmjwau Wedndduanuddyreudazde
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Forauauuzing 9 thazuuuiildnnuuuasuniatinses
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AulA WAYINAT IR U1N LARIINANNAALTRUYBY
ilmareutiensedanszats asshnmsduuuasuany
Tuseud 3

50U 3 1 WUUABUANUUUNIATIEIUUTEITUAN
Wuniswaiuidineuainseud 2 lneArauiildly
wuvgeuauseudt 3 arldmauuientuiuseud 2 ud
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Wetusudneuifuniodsuuuatiiney uazyiun
Ansgsiandsoguuaran IR wWudeafuseud 2 wagyn
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50Ul 4 : wuUADUALUUUIATIEIUY S Iue 19
wuvdeuuigafuiusoud 3 uildsuanise -g1u
wazd1 RiJunaiildainnisinsieilusoud 3 da
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Fukazal IR

4. ayluaziinszsing ndmnnlideyaiiaonadoile

#1saAgisegIuLazal IR WidvhnisasuAmauwsiay
Useiau (Tiantong, 2005)

27 25sanssuiiientes

Chiraboonthanandom (2008) lavin@nwinsly
mafianisnszrentmdsaunn laguszgnaldly
Wasngd 2 - 4 Tun1sms1zidenisesnuuuLas
Wawnswanaeusseu Tngldunings 2 Tunisulariny
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3. Aen1saniiun1sidy

3.1 iAUsIUTINTeya

3.1.1 Ussdnsanvesdnusngnsind B Ye9uTHn
e lneinsriusindeyannnismaaeulauiluiines
(Dynamometer test) Fa.dun1331a03Uszan3aImnIs
lwsniusausn anuid uazgaumgifiumnsiaiuly e
$raeen1siusnludnuaziisig o %ﬂﬁ%aaﬂaﬁwmumi
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Tawanainirendemdniasiuazdesia 9 fgnisunsy
feusgansamiaylauanuaniae uazdeyanisinan
Aufnvesusvnludouunsiay - Jguieu U 2562
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LHUNNIAIUANNTEUIUNNTVBIUTENEIDES Beazszyfa
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39 FWIUMIATIUSIAYUAZIAI QFD tladi 3 \Bunns
thieyanuautnlfannsfiansurlumad 2 Wasuan
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3.10 JATIwvikarauNanITIve

4. WAN15I9Y

4.1 Uszaninmmsisniilaunisineg,
UseAvsnmmsiwanitaldlunisfinuiii o diu @
1131NNTANTU I AUTENIEIToRATUTIN0E19
Lﬂuﬂszﬁm%mwﬁugmmmﬁwmiﬂ UsgAvsnniliieates
fun1sldanu Anudasndie waganufisnalavegndn
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(Stopping Performance Normal Temp.) n 159 U 3
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4.2.1 Autugngu (Porosity)

4.2.2 AUOWIUNIZ (Specific gravity, S.G.)
4.2.3 Amuds (Hardness)

4.2.4 mn139m (Compressibility)

4.2.5 Audaven (Modulus)

4.3 OFD e 2
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wla 2 leRagui 5
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©
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g 8
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) 9 9 9 0 9
Stopping Performance (Normal Temp.) 4.4
‘ ' 1 1 1 0 1
Stopping Performance (High Temp.) 4.0
) 1 1 1 0 1
£ | Anti-fade Performance 33
9]
E 3 3 3 0 3
-5 | Pad wear 3.2
o
9]
o L 9 9 9 3 9
8 |Rotor Life Time (Normal Temp.) 37
:
5 | Rotor Life Time (High Temp.) 2.8 9 9 9 3 9
Y
@
a
Dust 3.0 9 9 9 3 9
Noise 3.5 3 3 3 9 3
Appearance 30 3 3 3 0 3
Column Weights | 1614 161.4 161.4 60.0 161.4
% Relative Weights 23% 239% 23% 9% 23%
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4.5 QFD iwa 3
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Hot Pressing Parameters
39 o
| & | g 2| s 2 |
AN & =5 o= c & & <
. a = nZ -
s | 2| E|E| | €| E| % T |2
Q v c Z I [ < = [ g 2 =
o Y 7 N < < @ i < = e S p=
c = = ' ' a3 4 ' c - Ye =
+ © A T= [ [ <— EYF — S 2
O B as = < < = & S < e T 5 aag
=} ’5 & e = = = = = o) @ & o &
T 7] @ = = = = S = 22 & LIS o
8 £ b4 a g g g — g g = c @ c =
a = = @ < < < °@ N rad @ c 2 < <
Porosity 5.0 9 9 3 3 3 9 9 9 3 0 3
[
2
"é S.G. 5.0 9 9 3 3 3 9 9 9 3 1 3
i
]
2 Hardness 5.0 9 9 9 3 3 9 9 9 1 1 3
-
5
8 | Compressibility 1.9 9 9 3 3 3 9 9 9 3 1 3
a
Modulus 5.0 9 9 3 3 3 9 9 9 1 1 3
Column Weights 196.7 | 196.7 | 956 | 65.6 | 65.6 | 196.7 | 196.7 | 196.7 | 45.6 16.9 65.6
% Relative Weights 15% | 15% 7% 5% 5% 15% | 15% | 15% 3% 1% 5%
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Uszendlduuudraosannumsaivuuseufiensla wuindevefivildUSmunsdiessivaimnzauiiannelddunus
finfigadie Wlsvieuuy (s,5) MntuthuadnsildluToufivuiuwmunmsddoiuedsaunadng nutiluue wwy
(s,5) AR unusIMMITU 75,394,160 umsol waziiulsanuiinunusiumiu 96,357,062 umsel fatunadlaainnsley
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Abstract

The objective of this research was to analyze the optimum spare parts order quantities for maintenance
activities in petroleum industry by applying the Monte Carlo Simulation Techniques. Recently, the factory of
interest is facing costly spare parts management issues due to the incomprehensive spare parts inventory system
and rather than establishing a strategic method, the perception has been used to manage the movement and
storage of the inventory. The lack of knowledge on how to implement an inventory system leads to a large stock
of various parts. To address this problem, the researcher team attempted to propose practical spare parts
management to cope with the unstable demand in order to achieve the lowest total cost. The research procedure
began with defining and categorizing the spare parts into A, B and C groups. Group A, accounting for 80.34 percent
of the net value, was selected for the analysis. The inventory policies were defined as (s,Q) and (s,5S). The data
obtained from a continuous survey of the inventory system were processed by applying the Monte Carlo

Simulation Model. It was found that (s,5) was the most effective policy for the inventory control that enabled
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the lowest total cost. According to the comparison between the (s,S) and the former purchasing plan the factory

has carried out, the (s, S) strategy cost 75,394,160 baht per year while originally the factory had a total cost of

96,357,062 baht per year. Therefore, the Monte Carlo Simulation approach can reduce the total cost of inventory

management of the spare parts for 20,962,902 baht per year. This 21.76 percent cost reduction has statistical

significance with a corresponding 95 percent confidence level.

Keywords: Spare Parts Management, Monte Carlo Simulation Techniques, Petroleum Industry
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lunisquasnwieslva fAe AUseiudveslvd A1uims
dansozlna Frandilumsdaiv uazAussaulunng
quadnu TnefineaziBonvesdiliinouansfamsnsdi 1

A15197 1 Arldanesing seadiurumaiuing

398115 % AUy
Ruamu (Muiy nMBuavAlsziudeesiva) 9.5
nsdaniseslva (Al Argunsalin3asiie)
AEUN (ANdeNTIAN)
AssuUORNg
v & o
FFUNUMIAUSIE 23.5

n: Yeyavndhevnyivedlssnunsalfnul 2561

312 myunum%?"osz?ya 3893 sorlnavedlsenuy
mzﬁﬁﬂmasﬁmﬁé"ne‘?jyamﬂﬁdﬂuauﬁgﬂmduuazmauaﬂ
Useina Tngusenaumigaunu 2 diuae Alaneuay
AsuluNIsANTUNT 21NN1TIUTITBYANUIT
é’unuiumié’a%ameﬁ’amiwﬁ 2 il

s
o

=] A ' v &
N199N 2 ﬂ'ﬂﬂ]ﬁﬂi]ﬂ?ﬁs] VAUNUNITENYD

518013 UM/
Alavie
- alderelurede (PR 6
- aldneludade (OP) 10
- aldnglunsindedoans (nséwe 12
Sad unnd)
ATLLINUY 4357
saufununsiede 463.7

n: Teyavndhevyivedlssnunsalfnul 2561

3.1.3 guyunIsyIuAaYeslva ntinisuineslna
dwsuldlunszuiunisndavisenseuiunsingssng N
Tssruasud sl i vadomeu danadefvinli
N3¥UIUNITAINA1IME AT TN N1swRunAFduAld
UszanaudumunsviniaaueylvalneAnae wvinvessnan
sovihsvaternafivaunaugaieswuiinauaay

3.1.4 duyuvesTImerivaunasvidn Aldirenu
seglndusazsiinarordetoyaiivinnisdiedounds

nAunuAINaIauedIde s luldlunsmdunu
suwswsavulougludunauveinisiansaniunisel
WUUNBURAISLa
= Uszgndldinadanisdiaesaniun)saluuuneuinis
Ia (Leepaitoon & Bunterngchit, 2019) 1Ju3siFsUSuna
fannsnihluyssgndlifussuuauifiosdusznauves
syvunuidngdnssuludnuaedlduiuey Jsaenndosiu
anmigmuedssnunsdfnuiiidemanudesnisld
ovlvailuuuueou lnsnsuszgndlimaianisdans
aouniseluuunoudinisla (Han et al, 2018) i unou
uamasagui 2
3.3 Uszgnalduloviggunininas Jagdulssny
ns@AneiinisasisdevezlvawuUsoLiesINITEUY SAP
(Systems Applications and Products in data processing
) ﬁ'%ﬁwﬁmmauaiswLﬁ'aazlwa'ﬁmuﬁmha uay
Usinanandeluadsdudi lunuideildidenlduloue
AUAIAIAAY 2 UL (XU, 2017; Ohta et al,, 2007) fi®

33.1 Wlgwe (5,0) Duuleueiitinisnsisdeveslva
athasiaiies Inefvualdiinisdadeidusuau Q wie
dlosvsuerivdansinaaningadsde s fidwualy n1sdsde
91nNsAUINUSIUNSE 9E a7 Ussuda (EOQ) way
fnuaqndade s nsdifinrudesniseslnadafuuds us
nahas

3.3.2 ulyve (5,5) WHuulevedfidnisasrvaevesiva
otamaios Tnamualiiinisdsdesiuiuwiiusssu
o¢lvagaan s mie esedvorindanasinitgadsdo
(s)
Sriuiaesulouneazdizlunisusmseylnasieiu
Tu griuvatedady 1wy Anudents 1iand seAuns
w33 Funueneg Mduesdusznoulunisinnsanlu

SEUUARIAUAT weogelsAudinsdeiaanTede ulaune
wuulafivhliidununisdaniseslvamian

—2

3.4 Wisuiguduyunsiansezlna
nsissuliisunadndiilaannisideariiansanly
AuresRunuTINTeINTsIaniserlna Tneusenaulusie
Funumsdsdosriva fuyunsivinwesiva dununs
vauAauerlva wagdunuvesmerindudazvin Seay
fnsiSeuifisunadndvealouefiianiuulovioid
voslssaunsdAnw il om1UFuimnisdad o
wanzaudmivoglvausaziianigldduyuiiniian
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Twnndeyannudesnisldeslvaviotudiu

v

AMuAYIIaYdd s ULUUTIa0q

v

aSeiavgudmsuAmnudeIMsesausazylin

v

MndaeLiial (ROP)

v

#51auayynaassuUTIaemINuleue (s, Q) uag (s, S)

v

v oy
o o

MvuRyadsrouazUSunumsiweniuuluuy
4319015 19NIANIUMAIAIILADINTT

v

AUIALYUTIL

v

Y1919 N FOU

v

‘V]ﬂﬁ’e)‘Uﬂ’]iﬂi%ﬂ']EJ(;]}T‘LI?N(;]IUV!UTJM

Talle

MAUSO TN L

MANRREVBIRUYUTIY

v

——> | -# N> 10 Iiassynavduiialinsuny

=] al U I3 I
L‘UiEJ‘UL‘1/1EJUNaaWﬁLLG]ﬁ%uIEJ‘U’]EJLLazﬁiUNa

P
o

ROP - (dx LT) + ZvLTog

mMinszeivesteya

m+1DP=r+w;0<sw<1

14
ROP = x,

Tafle

ROP = (1 — w)x, + WX,

m N ficuails

a1 N < 10 ansadenedevessdiunu

UM 2 Jumeunisadanuuaesanunsaieuiasla

4. Wan15398

wad ldannnisaduauide a1nnisusegneld
wuuihassaaunsaluuuseuinnsla iflinguszasdiile
mUTInunsiouaredsdeiivnsauveserinanels
Funuswd an lnsaiuisaeduienanisadusuls
Fagoluil (Medeiros, 2005; Collado et al., 2011)

4.1 sausInteyaniudensiveslva

arwdesnmserivaiioglundgu A avuedl 16 wiia B
Juanudesnislunmisldniely 1 3 dounds d1uu 48
&Unat Taodeyadananildunainnsidn-sne exlnaiile
ihlUldlunsatiuayuinendauazeiotisainw dauans
anudeanisldeyivg SP-FT-059 Lilatduiegdliy
orlnavilnduiiivie lngaudesniseyivaviia SP-FT-
059 wanwiasuil 3 Tnadiegegauinty 256 3u Arsign
Wity 25 Fu Aiade 76.6 Tu
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300

250

SP-FT-059 (3u)

200

deslva

150 i W | —

100 (————4+— A J% ¢t L A A NIIIAYI I

AMURDINT

Lo}

50 IafNIAYY L YWLITY ¥\

0

JUN 3 fegnanudeinisideyivavia SP-FT-059

4.2 MIMUAYNA UAYFUAIMTULUUTIADY NTATIANTIS
LAnsAIALINLIsAI BNz TuvesiIuUsd N dBInS
dmiultlunisdiassaniunisal iled aevmusananis
defouavgndadoifinfimngay Fanuiteddudsiud
Aousnanrwdeamsldering dufuazdesairaiauly
vesfavduveseyinasa 16 wia iileldunuvgnisal
ANuABaNsldeslng T,mﬂsﬁamaﬁﬁmﬁmﬁmﬂummﬁmm
R L PRI FEIELRE mmwmmmuaalﬂmn e
fnsanitluusazUsunuisiuuadiiAedy s
wirls udnauhezduresanudosnisTuuiunnasieg
fiflonaindu menutnasduaranuazimuntdises
fiavgu tisldsrassanunisalaiusisinisveseyingly
usiazvila uanssnsed 3

9ne3adl 3 efueldindavduiidenuneglu
A5Ening 0-0.08 AaziAnmnnisainudosniseslngd
25 miy vieMiavguildenunflrogszming 0.96-0.98 f
IzunuvANsalTiAinANuFeIselvaT 201 nae

A19°99 3 MegimuatasilarguresrufaInIserlva

é;:::s 5"!14"214?1%\3 AMUUY | AALIRE drevesdaiauda

omine) fifia awdu | Juazay '
25 a4 0.08 0.08 r < 0.08
26 2 0.04 0.13 0.08 <r<0.13
56 3 0.06 0.46 040<r<0.46
57 2 0.04 0.50 0.46 <r<0.50
145 1 0.02 0.92 0.90 <r <092
155 1 0.02 0.94 092 <r<094
178 1 0.02 0.96 094 <r<0.96
201 1 0.02 0.98 0.96 <r <098
256 1 0.02 1.00 098 <r
374U 48 1

4.3 a5 NAUdYFUAIMTUAININADIN 150 [ausazviln
31NN13AUAYIRATd NveIAINdInITeriva 90
m5197 3 wvimsadedlavgudmiuaiaudesnis
ovlvausazvila IneldTusunsy Microsoft Excel @414
da Rand () 1umsimundrsinavdalieyluzag 0-1
dleliaonadesiutasiaaudy (1) fagrsdumnainuarou
il Fadudnuau 48 dasiq ax 10 YLavdy Fan91edi
4 pauzfAdeldairemnsenudeansesnafiinaniay
du lumseannsnufundsusuuuumsdsdold ilefiay
IHhluldisuiieulunsAedunusuenisdsdoluus
azuvumanilovneiifmuely

A15°99 4 Fegrnavduvetezinayiin SP-FT-059

v ed Aavgduyad
duavn
1 2 3 4 5
1 0.182 0.057 0.084 0.480 0.091
2 0.118 0.421 0.910 0.203 0.545
3 0.328 0.645 0.128 0.368 0.068

48 0.022 0.114 0.047 0.377 0.797

o AAvENYATN
duavin
6 T 8 9 10
1 0.028 0.334 0.837 0.113 0.201
2 0.291 0.771 0.251 0.269 0.123
3 0.595 0.201 0.150 0.239 0.087

48 0.726 0.357 0.815 0.126 0.247

4.4 147@1@?%62'7”@,4@/ (ROP) a1NNNSYARBUNSNTEANYAIVDY
sﬁaaﬂaﬁuaﬁmqﬁuﬁgﬂ 16 vila wunddnuazn1InTELeT
Yoetoya 2 LUy ADNSNIEALMULUUUNALaEN1INTEAY
Aauwuuldund é’mfummmmqmé"ﬁyaﬁmmzauima%’
M5 wfve9 Lordahl and Bookbinder (1994) gtevadd

4.4.1 17505297188 uvUYNG 1l 8331n8RI1AIY
FosnserlnauUsiusazinaniagd uansfienndn
99910818 nsN1slEus aauRosnisezlualid
auadane Jadeadinisfivezlnaiievinile (Safety
Stock) d150917 wagsowin1sUsENIusEAUNISIRUIANS
(Service Level) annsanqadsdaiivldainaunsd (1)
(Tamura et al., 2010)
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ROP = (dx LT) + ZVLToyq (1)

Tnei
d = Sameuneiniseylvamas
LT = 11anin
7 = mssduauidesiunasiierlnaiiiv e
AOAMUADINS AMUATIIAILLETDITY 95 [WaslEus
04 = ATudBauLINnIgIUYeIENTIAIMEINTT
ovlua

9naunst (1) nadleslvauin SP-FT-068 9ndoya
wul1 AadeInisede (d) Wity 53.7 niae 1A
(LT) wiriu 15 Juwie 2.14 &Uai sedumuidesiu (Z)
WU 1.645 uagAALTBNULINATI LTS ATIALABY
NISAUAN (Oq) WinfU 35.17 midae ot

ROP = (53.7x 2.14) + 1.645v2.14x35.17
= 199.5 1178 ~ 200 KUY AIR1S199 6

4.4.2 M3nse1edmuvliUng anunsanandsdaiiy
enaunisi (2) [11]

mM+1DP=r+w;0<w<1 2)

1. nfi(n+1)P>n
wdandstodiu = x, @eyanufesnisardud n)
2 nsal(n+1)P<n
-mo<w<1
LLﬁ?Qﬂ&%@LﬁIQJ = (1 —wW)X, + WXpyq
-w=0
uiadsdeiin = x,
e
n = uudeya
(ANUADINTIUTIAIUT N = 48 dUAiA)
P = Aanadesiy
(frvualsifiananudetudy 95 Wedidud)
Xy = foyanmfoansadud r
r = Sudnlinau

[

NN (2) wnuen N uag P larngai
(n+1)P=(48+1)095=4655=r+w <n

Agld I = 46 Uag W = 0.55 9nf108191131190
dedaifiunosorlndwiin SP-FT-059 Ao ey aUTuIu
AuAeINIsiugIadveseslnayia SP-FT-059 lag
Bosdrduanndesluinnlifimsed 5

A157199 5 USunaumnudesnisveserlvasiin SP-FT-059 389970
Hagluun

25 25 25 25 26 26 31 31

34 36 36 36 37 40 a5 a5

a5 ar 49 56 56 56 57 57

58 58 64 67 74 78 85 86

87 87 88 98 98 | 120 | 124 | 126

127 | 135 | 137 | 145 | 155 | 178 | 201 | 256

NINTNT 5 WU X46=178 Uz Xy7= 201
Faduayldqedatowiu Ao
ROP = (1 — 0.55)x178 + (0.55x201)
= 190.65 %y ~ 191 wilw

wagiuuuieatudmsverinavinduiivie 9a

Woiuilaavihlulddudeulalumsmusinunsdie
Winngau Aslundsdoiiuvetosluani 16 via wanang

o -

PNMITINN 6

d
#l

v

M157197 6 ALY (ROP) vevelvana 16 wiln

a1 | vleezlua | ROP | &y T ROP
i f o¢lua
1 SP-FT-059 191 9 SP-FT-026 343
2 SP-FT-096 214 10 | SP-FT-023 73
3 SP-FT-041 185 11 | SP-FT-001 85
4 SP-FT-005 491 12 | SP-FT-006 71
5 SP-FT-068 200 13 | SP-FT-128 250
6 SP-FT-129 170 14 | SP-FT-024 82
7 SP-FT-127 182 15 | SP-FT-056 94
8 SP-FT-008 91 16 | SP-FT-049 166

4.5 prmSuiainsdsdeiimnsay (FOQ) wie (Q) wile
T msunsinszivesloute SQ4 (s,Q) luasied 7
uay 54 (s,5) MamUTumsdsdefimngandunini
Foyavsmnannudoimsveservaiinduaivluafinn
Funnanaums lagldfununisdsde Surunmaiuinm
eanansodunildanaunisi (3) [10]

2CoD
EOQ = (3)
Cc
a7
EOQ = vu1nvein1sdidenonsaniusendn wie Q
D = anudesnseslwaney (nuaw)

Co = AuvumMsdstasianss (Um)
Cc = dunumaiuinwseniesed (Uv)
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91nEUNIs (3) enshegeeylawiln SP-FT-059 e
D=3678 e/ Co=463.7 um/A33 C¢ = 23.5% o
snegliva Wnensieeslraviniiduay 5487 UM ety

2X463.7x3678

0.235x5487 .
= 51 YUY LEAIAIRIUAISIN 7

EOQ =

4.6 a5 1NUAEVNRDUUUTIADININULEUIY (5, Q)

4.6.1 n"mmg@iﬂﬁ%t@zﬂ?@/mn755@6?%9771/@&1/7&/
(s,0) nMswUSinansddefiunanlngiriainaay
foansusunansidlusfnunmvuauleuislng

U'%mmmﬁa%yaﬁmﬁﬂqmiuaﬁm (@) LLazqmé’ﬁaLﬁm
W (s) Wuwleuiedt 1 (5Q1)

Uhinumsdstennaiadsluein (Q) warandsdoiiiy
Hu (5) Wuwleued 2 (5Q2)

Usinanmsdsdennangaalueiin (Q) warandsdoiiy
Hu (5) Wuwleuedl 3 (5Q3)

USanunsdstefivsznda (Q LLazqmé"ae?}laLﬁmﬂu (s)
Huulowed 4 (5Q4) wansrwsazuleviedmsnad 7

v

¥

o
o

f15197 7 Mvuaulguignisdtevesasivana 16 ¥ia vasulauny
(s,Q)

X v fo| =VLOOKUP(B3,5L$3:3M550,2)

A B C o E F G H I p) K L
- @
Alaudugai

EE .

z 1 2 3 4 5 8 7 8 9 |10

3 1 |g13 noze|a 5

4 2 0.

5 3 0.

3 4 g 1

7 B E )

g8 6 o, T

9 7 g )

10 8 |o ik

11 7 o 038

12| 10 (g1 10| oot ! 040
M [ 0 P Q R s T u v w X

SEFT059 |y, el FIATIRE T SPFT-059

avadasms [a [ s [ s [ 789 [10
5 =L soMss02) | 57 | 25 [ 25 | a5 | 1ms | 26 | m
el VLOOKUP(lookup_value, table_array, col_index_num, [range_lookup
25 3 45 [ 78 | 25 | 45 | &5 | & | = | | = | &
25 4 120 [ 126 [ a5 [ wze | 57 [ o [ 36 [ 56 [ ms | ==
S 5 55 [ a5 [ 58 [ 56 [ 36 [ 25 [ s [ 3 [ s | =
25 5 a5 | a7 | ums | 0| 2 | 3w | s | es
3l 7 85 | 25 | @1 |z | 2 | a7 | s [ 13
31 ] EERERE SR
38 E] 155 | s3 | 35 | s7e | s8 | s8 | im0 | s
E5 10 EEEEEEEEEEE
£ 11 a5 | a5 | as [ va [ a0 [ s [ e [ 7
3 12 36 | 26 | s8 | was | a7 | 2 | s [ 128

JUN 4 segnenisaieranudesnsveseylva

913U 4 waarnslidds VLOOKUP agldny
#eansluifiinandaavdulunedund O-X vesoglng
viia SP-FT-059 ¥4 48 dUa i Faagsilsildanusionis
ﬁy’qﬂmauwiawqma%jmﬁzmm 10 90 wAnInLIeENagU
4 (819)

4.6.3 mFuNUTIN LagAUNUTINUTEND UG AU

- ulovonisdsdo N13AUSNYY AuNUNITEITe Aununisuiawaauesiva
@iy wGnodlug Agega | Auade | Aeige £00 o Svausazeil A»Ly a el
7 wodn | usda | uose wazsunuuessinesinaunazyia 7ldnan1sinsnzi
(SQ4) v o v A o | ~
Q) | Q2 | (sQ3) FUNUININTITeN 3.1 enFIDEUARININIUT 5
1 SP-FT-059 256 77 25 51
2 SP-FT-096 265 7 1 56 I o S S
3 SP-FT-041 194 74 1 56 et I U R N R U A U U R e
@
16 SP-FT-049 98 50 3 163 m2: | w0 :
4.6.2 @39075NNITAILIINIAIAIINADINIT 1ABETI = = e
msedoyatulusunsy Microsoft Excel Inefivasdoya 48 o o o [ |
dUnm anudesnstiinandeuladuavguilaasialy e oo [ [ oo [ | o | o [ o [ o [ [
ndoyanunsinislderlnaluein §dunislvves o s e [ o | s [ [ o | o [ [ o |
fananuansanf baarndeuludavduagldynands o v [ | [ | [ [ [ [ |
VLOOKUP T u 14U s un sy Microsoft Excel o | sz | e | s | s | s | e | e | |

(lookup value,table array,col index num,range look
up) UaAINgUT 4
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Qf'lﬁgﬂ 1
L
azlud SRty fmunns fapuiy o . . N
wyudou | Tunnsdeds VIALARL $hwn Rapn | faperbid i
azlwd
13 132 - 2538 £1338 5487 18206850
1 2849 - 0118 1320849 4512 14458132
1 az1z - 0118 1485400 4568 16161821
5 62 - 1.763 5 = 4457381
1 1143 - 0235 1678 4364007
3 544 - 0.705 B 3384004
1 2072 1258 3567363
1 ES) 1889 2130065
2 1435 - 0353 sz 2611876
1 70 0118 2589 2045309
1 978 0118 1535 1940806
1 5z 0118 1585 1894642
] 0 2143232 0.000 0 368 3214343
1 1197 555049 785 1494694
0 0 1827636 0 578 2741454
z 747 306229 356 1143670
83,821,420

JUN 5 fegeunusilunisviiseun 1 vesuleue SQ3

maa’mgﬂﬁ 5 Lﬂuﬁuﬂquiaﬂuﬂﬁﬁw%ﬁmﬂﬁuLaﬂuq'm%u’q
i1 lasunus 83,821,420 UM AR INARIAST 8
4.6.4 1919983550 T uneudt 4.6.3 $1uu 10
50U uATNANAABYRIRN LTI 10 T0U ndNNTEREY
Usymwﬁwanmwﬁﬂ%‘%muamﬂa e Aedinsnnasd
ﬁnmmm ada L‘Waammwmamﬂaamaqmmawlm
mmwuﬂmummsmmiauLL'ﬁﬂmﬂmiaumLam 10 p¥q
Ammunummammamm WINMRIWINTOUT M Zay
wEfiawnnndn 10 ads Aazdewihgraunsumusiuau

d o L8 - ‘ p
A19°99 8 MeE1wiunuTINvederlnans 16 ¥lnannisdy 10 ASS
Yaeulguny SQ3

=

Aavduyadn AU (UMW)
1 83,821,420
83,207,005
89,016,360
84,520,326
98,415,444
99,260,424
86,187,101
78,986,491
89,478,906
85,447,027
12y 87,834,050

O | 0| N| O | A~ WV|DN

—
o

1NAITNN 8 WUINANRAEVRIAUNUTINYDIUlEUTY
SQ3 Wiy 87,834,050 UM

4.6.5 nAAOUNITNTERILH VDT 0y A VDI UN T LR
91NN1591977 10 58U Ll evsIuINTRINITTNT T8 Y
ulovs 503 meldauufgiunmadeudsl
vuali

Ho: Uoyafin1snszanesikuuund

Hy: Yeyadinsnseaeduiuuliung

Tnofmuntisnnadesiu 95 Wesidus (0=0.05) Tag
Toyaildlunisnaaeuldainaised 8 uazldnanis
NAFUALNAFIURITUT 6 N13n5818FIvBIUN LTI
Wu3IA1 p-value fid1unnninAad osfudl 95% (p-
value>0.05) fatiuisiossen H, Ao Togaiinianszaned
Junisuwanuasuuuund

Probability Plot of mixvusunlovo SQ3
Normal

B

Mean 87834050
StDev 6513341
N 10
AD 0543
P-Value 0119

Percent
BEESSIE 8 R

;
0000000 75000000 80000000 ESOC0O0D 9000000 95000000 100000000 105000000
aivasuuloue SQ3

Ul 6 msnszaneivesiuyusmanuleuie (5Q3)
4.6.6 mFmausoUTMIITaN leanaun1sn (4)

N=—- (4)

el

Z = eanudesiufl 95% (Zg gps Wamssld 1.96)
S = dudoauumasg

d = 0.05 x Aadesunusm

gty mndesmsmsiuauseufimnsauvenleuns SQ3
ayla

Z = Aanandesiudl 95% (Zg g5 (Wansals 1.96)
S = ﬁamﬁmmummgm (6,513,341)

d = 0.05 x AedesiunuTIN (0.05x 87,834,050)
InaunsA ¢ Sunuseuinzanlumsingves
uleuy SQ3 vy
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1.9626,513,341%

N =
(0.05x 87,834,050) 2

= 8.45 98U = 9 98U

navassoUn1s¥anlug N filafidadaninsiuausey
999n1591809801UN"5I 7 Aunlinseusnit 10 seu
anunsnldnavesiunusIniad o7 laainnisinass
amumﬁﬁﬁlﬁmmﬂﬁuaﬂudu 10 YAkINUIIATIERATY
waldias widhen N fidwadlwidamnnni 10 Tasayn
Muavgufiniiusauseuiitiuain 10 50U uazviinig
$rapsEnunsaltlrasy vmsewaludnva et
Jdwsuunudsdouuulmis 3 Weovredmdenudls
mualy

NaIInNNNssIasdEnIunsaine 10 seu lneldulouny
(s,Q) W 4 ylgune memé’fﬁiﬂﬁ 7 mﬂuIEJmEJLLUU (5 Q)
aziudn ulouied SQL O4 un USINLRE BRI 4
75,455,999 U LLaumu‘wui’Jmaawawamﬁuaauhmw
Ao wleune SQ3 Anmudunu 87,834,050 U

funusuatsudazuloue (5,Q)

90,000,000

87,834,050

85,000,000

80,000,000

75,550,622
75,455,999

75,000,000 o—

sQ1 SQ2 SQ3 SQ4

75,666,314

JUN 7 WSsuWisusuyusmatesrelvesuleuieiuy (,Q)

4.7 F5NUALNANDNLUUT AN ULV (5, S)
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Abstract

In this work, a solution plasma process ( SPP) was used to treat cassava starch suspensions in order to prepare
oxidized cassava starch. The plasma treatment time and pulsed frequency were varied from 0 to 300 min and from 15
to 30 kHz, respectively. Oxidation levels were determined by carbonyl and carboxyl content which formed on the
cassava starch granules after oxidation with SPP. The amylose content of untreated and plasma treated cassava starch
was then determined. FT-IR was employed to analyze the chemical structural change of cassava starch plasma treated
samples. Oxidation levels tended to increase as time and pulsed frequency of plasma treatment increased. The amylose
contents decreased due to depolymerization of the cassava starch by oxidation with SPP. FT-IR spectra exhibited
important peaks occurring on plasma treated cassava starch from 1737-1742 cm, which were identified as carbonyl

and carboxyl groups formed during the oxidation process.

Keywords: Solution plasma process, Oxidized cassava starch, Hydroxyl radical, Carbonyl, Carboxyl.

1. INTRODUCTION

Starch is typically the primary food ingredient in
almost every country around the world where it is often
used as thickener and gelling agent (Singh et al., 2017).
It is a natural polysaccharide that can be found in
various parts of plants likes roots (sweet potatoes,
cassava), tubers (cassava), stems (sago), grains (corn,
rice, wheat, barley, oats and sorghum) and legume seeds
(Gurunathan et al., 2015). The main chemicals
composing starch are amylose and amylopectin.
The structural characteristics of starch are mainly semi-
crystalline and crystalline, which have been reported at
between 20 to 45% of the total composition (Breuninger
etal., 2009; Tadini, 2017).

Cassava starch or Manihot esculenta is used as
rotational crop in Thailand. During 2017-2018,
the average yield of cassava was 28.67 million tons.
It has a high molecular weight and purity (Colivet &
Carvalho, 2017). The physicochemical, thermal, and
pasting properties of cassava starch are useful for
various industries, such as the food, pharmaceutical,
textile, paper and cosmetic industries. However, the
main drawbacks of native cassava starch are its low
solubility, thermal stability and physical properties
(Jayakody, & Hoover, 2008). Therefore, modified starch
has been employed to improve these properties for
various applications (Kaur et al., 2012).

Oxidized starch is one modification method derived
from the degradation of its polymer chain by an
oxidation reaction. The chemical modification of starch
is done by adding carbonyl and carboxyl groups on
amylose chains. Oxidation of cassava starch enhances
some of its properties by reducing retrogradation and
viscosity, increasing thermal resistant and decreasing
bacterial contamination (Thunwall et al., 2008).
Oxidized starch is extensively used in many industries,
especially the paper, textile, decoration, laundry and
coating industries (Dias et al., 2011). An interesting
application for oxidized starch is as a biodegradable
film. Previously, many researchers have studied
biodegradable films from oxidized starch. For example,
Biduski et al. and Pauli et al. prepared biodegradable
films from oxidized sorghum starch (Biduski et al.,
2017) and cassava starch (Pauli et al., 2011) with
sodium hypochlorite for biodegradable food packaging.
They found that the tensile strength and solubility of
oxidized starch were improved, thus demonstrating a
potential for food packaging applications.

Based on available literature, there have been several
methods to prepare oxidized starch, including chemical
and physical methods. The chemical methods have
widely used vinyl acetate (Colivet & Carvalho, 2017);
acid hydrogen peroxide ( Dias et al., 2011) ; sodium
hypochlorite (Fonseca et al., 2015) and combinations of
an acid and sodium hypochlorite (Biduski et al., 2017)
to synthesize modified starch. This oxidation is a
method that requires a short treatment time, however,
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chemical contamination of the starch may occur which
renders it unsuitable for use in the food and
pharmaceutical industries. Therefore, starch modification
is presently performed using physical methods such as
heat-moisture treatment ( Rosa Zavareze et al., 2012);
ozone treatment (Castanha et al., 2017) and microwave
treatment (Kaasova et al., 2002) to avoid the above
contamination from chemical residues ( Tomasik &
Zaranyika, 1995) . However, all of these physical
processes require high temperatures which induce
deformation of starch granules (Ashogbon, 2018).

Takai (2008) developed a new physical process and
called it the solution plasma process (SPP). Previously,
the solution plasma process has been used in many
applications such as the preparation of low molecular
weight chitosan (Tantiplapol et al., 2015), conversion of
cellulose to reducing sugar (Prasertsung et al., 2017) and
preparation of reducing sugar from cassava starch waste
(Prasertsung et al., 2019). This SPP method has been
found to produce the hydroxyl radical (OH-).
The hydroxyl radical induced oxidation reaction has
introduced new functional groups in the starch granular
structure, resulting in improved characteristics of starch
granules. In addition, SPP does not require strong
chemical and high temperatures. Therefore, the
objective of this study was the novel modification of
cassava starch using the SPP process. The influences of
pulse frequency and plasma treatment time on the
properties of starch were explored and reported.

2. MATERIALS AND METHODS

2.1 Materials

High purity cassava starch was purchased
commercially from a market. It was produced by the
Thai Flour Industry Co., Ltd., Thailand. In order to
preserve the properties of cassava starch, it was kept in a
desiccator at 50% relative humidity and 30 °C. All
chemicals used in the work were of analytical grades.

2.2 Solution plasma experiment

The experimental setup of the solution plasma
process was from Prasertsung et al. (2019) as shown in
Figure 1. The equipment consisted of a glass reactor
with 1 mm-diameter tungsten electrodes (99.95%, CaHc
Co., Ltd., Thailand) installed on both sides of the
reactor. The distance between the electrodes was
adjusted to 0.2 mm. Before plasma treatment, the glass
reactor was connected to a DC pulsed power supply.
The cassava starch colloid at a concentration of 3%
(w/v) was poured into the reactor. The colloid was then
oxidized using the SPP at a voltage of 16 kV and a pulse
width of 3 pus. The plasma treatment time and applied
pulsed frequency were varied from 0-300 minutes and
20-30 kHz, respectively. In order to prevent
gelatinization of starch, the mixture temperature was
controlled at 45 °C using a coolant.

o
i

BipolarPulsed
Power Supply

Tungsten
Eleclrode\ Teflon

Holder

cassava starch
colloid

Magnetic Stirrer

Figure 1 Experimental SPP setup

2.3 Characterization of oxidized cassava starch

2.3.1 Determination of hydroxyl radicals content

During the SPP, highly active species, especially
hydroxyl radicals, were produced. In order to determine
the hydroxyl radical production during plasma treatment,
modified salicylic acid (SA) method was used
(Prasertsung et al., 2017). In brief, 1 mL of SA (1x103
mol/L) was mixed with 1 mL of treated and untreated
plasma samples. These suspensions were centrifuged for
8 min and the filtrates were further characterized for
hydroxyl radicals using UV-vis Spectrophotometer
(Shimadzu UV-9100, Japan) at 303 nm. The calibration
curve was performed using SA as a standard reagent.
Therefore, the concentration of hydroxyl radical could
be calculated.

2.3.2 Carbonyl and carboxyl contents

Carbonyl and carboxyl contents can indicate
the degree of depolymerization by oxidation within
the SPP. Therefore, carbonyl content was determined
according to Dias et al. (2011). The oxidized cassava
starch was completely gelatinized at 95 °C for 30 min
and then cooled to 40 °C. Next, the solution pH was
adjusted to 3.2 using 0.1 mol/L HCI solution and 15 mL
of hydroxylamine chloride was added (prepared by
dissolving 25 g of reagent grade hydroxylamine chloride
in water, adding 100 mL of 0.5 mol/L NaOH and
sufficient distilled water to provide a final volume
500 mL). Finally, the mixed solution was kept in an
oven at 40 °C for 4 h and then rapidly titrated with 0.1
M of HCI until a pH of 3.2 was reached. The carbonyl
content was calculated using Eq. (1).

CO = ((Vo-Vy XM x 0.028 x 100) / W
1)

where V, is the volume of HCI used for the blank (mL),
Vs is the volume of HCI required for the sample (mL),
M is the molarity of HCI and W is the sample weight
(dry basis).

The carboxyl content was determined according to
Biduski et al. (2017). The suspension was prepared by
dispersing 3 g of oxidized cassava starch in 25 mL of
HCI 0.1 mol/L and stirring for 1 h. Then, the oxidized
cassava starch suspension was vacuum filtered using
a Buchner funnel and washed with 400 mL of distilled
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water when the oxidized cassava starch was transferred
to a beaker. Then, 300 mL of distilled water was added
and heated to 95 °C for 30 min under continuous
agitation. The hot oxidized cassava starch solution was
titrated with 0.01 mol/L of NaOH with constant
stirring until a pH of 8.2 was reached. The native
cassava starch was used as  a blank test. The carboxyl
content was calculated using Eq. (2).

COOH = ((Vs- V) x M x 0.045 x 100) / W
2

where V; is the volume of NaOH required for the sample
(mL), Vp is the volume of NaOH used to test the blank
(mL), M is the molarity of NaOH and W is the sample
weight (dry basis).

2.3.3 Amylose content

The depolymerization of oxidized cassava starch
granules was investigated to study the decrease in
amylose content. The determination of amylose content
of oxidized cassava starch using colorimetric method
was conducted according to McGrance et al. (1998). 20
mg of oxidized cassava starch was mixed with 8 mL of
dimethyl sulfoxide 90% (DMSO) and then heated to a
temperature of 95 °C for 15 min. The mixed solution
was then cooled to 40 °C and the volume adjusted to 25
mL. The sample solution was mixed with 5 ml of 1/KI
(2.5/6.5 mmol/L) and adjusted to a final volume of 50
mL. The mixed solution was kept for 15 min and then
amylose content was determined using a UV-vis
Spectrophotometer (Shimadzu UV-9100, Japan) at 600
nm. The calibration curve was performed using pure
amylose from potato (SIGMA-ALDRICH Co., USA) as
a standard reagent. The amylose content was then
calculated.

2.3.4 Fourier Transform Infrared Spectrometer

FT-IR (Digilab, FTS 7000 Series, USA) was used to
characterize the chemical compositions of native and
oxidized cassava starch powder. The FT-IR spectra of
the powder samples prepared with KBr were obtained
over the range of 4000-400 cm™ ! at a resolution of 4
cm2,

3. RESULTS AND DISCUSSION

The carbonyl and carboxyl contents of oxidized cassava
starch are shown in Figure 2. The results showed that
carbonyl and carboxyl groups in oxidized starch after
plasma treatment increased with increasing plasma
treatment time and pulse frequency. This revealed that

the oxidation reaction of cassava starch occurred during
plasma treatment. The number of carbonyl and carboxyl
groups in starch can be associated with depolymerization
by oxidation, which increases the amount of carbon
available for the reaction (Biduski et al., 2017). Hoover
(2000) mentioned that higher levels of depolymerization
in starch depended on different factors such as the
oxidizing agent, the reaction time as well as the
botanical origin of starch and most of the
depolymerization occurs in  the amylose fraction of the
starch. During the oxidation reaction, the hydroxyl
groups of glucose have oxidized to the carbonyl groups
and thereafter to carboxyl groups ( Zamudio-Flores et
al., 2006) . However, during the oxidation of cassava
starch by SPP, hydroxyl radicals have been generated.
These hydroxyl radicals have been considered as
reactive oxygen species (ROS) and immediately reacted
with the surrounding molecules (Halliwell, 1999)]. The
generation of hydroxyl radicals was previously reported
by Baroch et al. (2008). The generation of hydroxyl
radicals during the plasma treatment has been caused by
the reaction of oxygen radical with water as follows
(Prasertsung et al., 2019):

e+0;,—- 0 +0 ©)
0" + H,0 — 20H" (4)

The production of hydroxyl radicals in SPP have
been effective in depolymerization of the 1,4-glycosidic
linkage and hydrogen bonds of the hydroxyl group
within the starch structure. Carbonyl and carboxyl
groups have been be formed (Prasertsung et al., 2019;
Vanier et al., 2017). The mechanism of carbonyl and
carboxyl groups formed during plasma treatment 1 to 4
is shown in Figure 3. The production of the hydroxyl
radical in the system increases with increasing plasma
treatment time, as shown in Figure 4. This may have
enhanced the formation of carbonyl and carboxyl groups,
as shown in Figure 5. In addition, an increase in pulsed
frequency improved oxidation levels of oxidized
cassava starch. Malik et al. (2001) reported that
increasing of frequencies increased the average energy
input in the system, which may have accelerated an
inelastic collision of high energy electrons and the
surrounding molecules, resulting in a high dissociation
of the target molecules. This may have increased the
amount of hydroxyl radicals in the plasma system,
resulting in high amounts of carbonyl and carboxyl
groups.
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Figure 7 FT-IR spectra of untreated and plasma treated cassava starch.

The amylose content of starch is shown in Figure 6.
The amylose content of oxidized cassava starch decreased
with increasing plasma treatment time and pulse
frequency. The reduction of amylose content indicated
depolymerization by the oxidation reaction in the starch.
The starch granules consist of amylose and amylopectin
which represented amorphous and crystal regions,
respectively (Breuninger et al., 2009). Chavez-Murillo
et al. (2008) mentioned that depolymerization of starch
components (amylose and amylopectin) during the
oxidation process mainly occurred in the amylose
component. During depolymerization, the starch chain
was degraded to become shortened and unable to form
amylose-iodine complexes. Amylose-iodine complexes
are formed only when the chain length is greater than 100
glucose units (Kuakpetoon & Wang, 2001). Therefore,
molecules were not detected as amylose molecules.

To confirm the results described above, FT-IR was
employed to analyze the chemical structural change of
oxidized cassava starch prepared by SPP. The FT-IR
spectra of untreated and plasma treated samples are
shown in Figure 7. The peaks of untreated sample
displayed at 3271 cm™ and 2928 cm™ corresponded to
O-H and C-H stretching, respectively (Prachayawarakorn
& Tamseekhram, 2019). The peak at 1634 cm™ and 1149
cm?® were defined as the O-H bending of water and
asymmetric stretching of the C-O-C glycosidic linkage,
respectively (Mina et al., 2011; Klein et al., 2014). The
other apparent peaks at 1076 cm™, 994 cm™ and 763 cm'?
were identified as C-O-H vibration, C-O stretching and
C—H: rocking, respectively (Bower & Maddams, 1992).
After plasma treatment, the new peak at 1737-1742 cm™
corresponded to carbonyl and carboxyl groups. This

confirmed that the SPP treatment could generate the
oxidation reaction of cassava starch.

4. CONCLUSIONS

The carbonyl and carboxyl groups of oxidized cassava
starch prepared by SPP compared to the untreated cassava
starch sample were found to be increased. An increase of
plasma treatment time and pulsed frequency in the plasma
process increased the amount of hydroxyl radicals, which
enhanced the depolymerization reaction of starch.
The results also showed that the amylose content of
oxidized cassava starch was reduced. The chemical
compositions of oxidized cassava starch granules
prepared by SPP displayed an important peak at 1737-
1742 cml, which could be identified as the formation of
carbonyl and carboxyl groups.
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Japmsdadumesnummugiiiarsanssdiududsnndes (Green vehicle routing problem: GVRP) ilutlgymi
Qﬂﬁ’@umm'aaammﬂf]ﬁymmi%’me’fumamuwwug (Vehicle routing problem: VRP) F U115 RITUINANTENUNNS
wswghaidundn Jaym GVRP Fufiuanudidglunisiiasanransenumadiuduindensiude nsizaniunsel
danndenlutiagiuiiinnisiasuuladluvesgamgiilan unarAteifsliinmumussunsuiiieadestuilgm
GVRP TngduAuangiudeyaizinistuseauuiuud laun gaudesa Scopus, ISI Web of Science uag IEEE Xplore Lo
SududusudiSufinnsAfuiunauiiigadestudam GVRP aunssitaded n.a. 2562 ndsainynisAansacuas
ATRApUATITLTBIUNAIINT L udeya wuunaNuTiAdesieAy 171 ety udrTshinuanuasadlung
agu Wiedianeginas uundnunzvesdym ludsudufinsandudaneden fusefiviiiniy wasduladafnduuu
foundu wadnsildannsmumuissanssy fe wwmamsidelusunandmsuiym GVRP msyatuluiinisiiansan
wilaveserunimuy Inuansuuds wazUssiiiusing 4 Gagnnanddushdemsaianisaliaseuanvestiym GVRP

Addey: Jymnmsdadunsguminug Ussinunudannaen ladafndiiioSnunainasn n1snuniuIssaunssy

Abstract

Green vehicle routing problem (GVRP) is a branch of traditional vehicle routing problems, which usually focus
on the economic impact. Due to the environmental situation, the GVRP additionally plays more attention on both
economic impacts and environmental issues. This review paper presents a literature survey on the topic of the
GVRP by searching research articles indexed by three well-known international academic databases (including
Scopus, ISI Web of Science and IEEE Xplore): After screening the duplications of the articles indexed by those
three databases, only 171 articles were adopted and summarised into tables for classification into 3 characteristics:
Green-VRP, Pollution Routing and VRP in Reverse Logistics. The result of literature review has found the future
research direction for this problem should focus on the vehicle types, mode of transportation and other

perspective of this research area is described in the future research direction section.

Keywords: Green vehicle routing problem, Environmental issues, Green logistics, Literature review
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wiswghainanuedesiunty uslurasieatunisiul
Y0IN1AEAAIMNTINA IWANTENULT sauT noleiiAn
AuAna1unod 1uand o (Envionmental disasters)
(Waidyathilaka et al., 2019) ﬁﬂﬁlﬁmmimﬁauuﬂmqm
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ARV ERUANIEITUIR WU N1sAndAASY N154An
gvnde vioulinseiniudsdlanmioarans femginig
Ssuravilandeudndulviosdngsing q dndufanisTimduly
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139UNTEINVDIL599U (Greenhouse gas reduction) 130
msdansladafndiiioshudwandon (Green logistics) Tu
waalgguniu (Supply chain)
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routing problem) (Waidyathilaka et al., 2019) way
\leaananiunsaiiagiuvedlaniivssifiufudunnden
th feoduvsziiuiinnnindwlianud iy Feu mdn
unnseunmueiisdaddaandeudadutgwilesu

auflsnantinddeiduegnads udeenalsfinig wuin A
undunanuildvinsmunussunssilunguvesiym
GVRP 1flea 1 2ty Tae Lin et al. (2014) TagnAfiasilud
.. 2557 WaiduunauiinsounqussnTIuTignAfia
QuNTeItadsl n.a. 2555 wirdu egndlsfiony annsEudy
suteyaivnisluszduuiunnd wuin ldnuunaanud
Aendiastu GVRP Wsdusnnineauisdagii
FauunauiTeided Taguszasdlunianunay
rsunssuiiAeadesiutigm GvRp Whiuiagu Taeuiy
$291281989715AN Y1 qunTEaiaded we. 2562 1iie1du
Useledaelnided darnuaulaludynidings Tae
Arsandusuiniddunisivuaiidessinisviiivelu
awan uazeradulszlevisedusznaunis lnsnnizegns
g ivigsiaAvadugaamnssuvuds 49019931
waauAnvestiymid Tuuszendidunuimdunisng
WHUNIALTUIUYRIUTENLA waNIINITYIBAARANTENY
feduIndeuud frannsatisandununsulnandanu
Fomdsesgsialédne dwsuumanuilldiiauenans
NUNIITIUNTINT LA Badeetud yuinisTadunig
grunnugi LA et eafuuseidud1ud swandeu an
FIUTBYATYINTTEAVMUINATINIY 3 grudeya Laun
Scopus, ISl web of Science uag IEEE Xplore
FunnmshiauegaFuduvesiiym GVRP luded
2 mmfuﬁmuné’wmwmf]zym GVRP Tutadedl 3 mnu
F28N1TUNALDHANITTIUTINULATNUNIUITIUINT TN
Aeatdestuilym GVRP luiadedl 4 Tnevs 4 siadedign
nannetedu Wunisdnauedaym GVRP ulseentdu 2
190987 fio Fa30fn 3uReudd we. 2552-2557 deiteiu
Prduduvesilym GVRP uaztrsilagiu 3udausd e,
2558-2562 §afug3di teywn GVRP 13 uldsuanuilen
Wisdunuunin dauiaded 5 Wunsaanisaluualiy
Frseunnn dauid e, 2563 (Juduldresdygmnisda
Funserunvug i nansauUssidusud windou uag
unagUluided 6
2. Jymnsdadunieenunivugiiiansanussiudiu
fauandou

{‘]zy‘mmia‘i’mLé{’umqmuwmumwwfuﬁm (Classical
vehicle routing problem) Lﬁuﬂiymﬁﬁl,ﬂmizmﬁiuﬂﬁ
MUHULE U I gaud I nS s U e T 1 dnvue
Weaiu anuquindu iensTiuinsungnén vieiFendn
ag1aidgyninisdaduniseruninuziddedidad1u
A2139 (Capacitate vehicle routing problem) (Lin et al.,
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2010) Tngeunmuzdudunayduaaiindsdud Jayminig
Fadumssnumivuggninaueniuanlul wa. 2502 lag
Dantzig and Ramser (1959) {WudlymiliAeadostunisdn
dumesunnuzlunissudaidunneadaivihduluds
anfdlvuinsihdunatswis auszassaesiymnisie
dumssunnug Ae miméfuvlumiﬁwLﬁumuﬁﬁ?’]ﬁqm
W nanndunisi dudigelunisauds nsmsiuau
gun U Amnzandmsunisvuds viedunusiig q 9
Aetasunisuuds (Costa et al., 2018)

Jamnsdadumesunmuglagnitluiauidesan
WumﬂsmmﬂﬂzymuwégqLﬁu anFeg 1YY Ugin1sin
UL 1599 lun 1SRN (Time-
dependent vehicle routing problem) Aa Ug11n13499
Euvsenunvugfifiansangasatlunisiiumig Taedn
Jafulufissosvinssgninsiumisuesgnd wazsdums
YoInFIAuA Faluas9AU waran1wena (Lin et al.,
2014; Cooke& Halsey, 1966) U gyn1n159 ALd U149
gun Uz Adadadudogatsus (Multi-depot vehicle
routing problem) fie Jaymnsdadumsenuninue il
nsvudsduAAInAaeduAlUdana Tneiaddudunnnd
1 uMa (Lin et al, 2014) Jaymrnsdadumseunimugii
ogneldimmilsiutiueu (Stochastic VRP) Anallsiuaiueudl
aliGielk LﬁW'ﬁummJ'%mmmmﬁmmimaaqﬂﬁwﬁlﬁmﬁ
nanildlunisidunis vieudnsesanulivinduves
F1uUgNAlULAAETOUVBIN1TVUAS (Gendreau et al,,
1996) andgymfina1asndsdu Fdevesuidesjaduly
An1seilsfamansgumaasusia aunsediad we. 2550
Sufinsd@nwnuidedinerdestudymnisdadunis
grunnug fad sUseid udud awanden (GVRP) 34
Reresiumslindenu msUdesuaiiv Tnsussifiumanil
Suisgaanuauleveninddy uaznaneifuusziiuilesu
aufeslunanediisnuan (Lin et al, 2014)

Tud w.@. 2550 Sbihi and Eglese (2007) laU1iaue
Uszidiuladadndifiednundauindonysannissiuiudgm
du 9 ieadradudgminismendivanzdigaidanisda
(Combinatorial optimisation problems) Lau Jgynilad
afnduuugaunau (Reverse logistics: RL) Ugynin1sdnnis
V9ude (Waste management) waslgymn1sinduniewes
YIUNINULKALAINUALIANVDINTVUAS (Vehicle routing
and scheduling problem)

Jaym GVRP Buidudiianegraunsvanglud wa. 2555
1m Erdogan and Miller-Hooks (2012) Waumaiialunis

it mdmiuesAnsiidnisldeueunivueildngsnuy
owdsmaden (Altemative fuel vehicle: AFV) fiflszoz
nstudegnedifn LLaxImna%JmﬁyugmmaLﬁuL%@Lwaq“"
310 d1msudyn GVRP T9aUsvasAlunisnaunay
swinsfuAanndennagdunumaduiasegia Huns
NunuduNTUsEAS Mloneuauoseteimuely
shudannden wazduaswgia Jam GVRP légnduun
oonidu 3 ngumdn < Tay Lin et al. (2014) Faazlnanis
Turdednly
3. nsinunanwauzvaslemni GVRP

AMTUNITTIMUNT Nz UIU YNIN1TTALE UN
pruNTUET RasaNUsER A swInden Ty a1 Taus
santamdu 3 nqundn q lawn Jyminisdmdunis
PN RS UTZR UA U WInd o (Green-VRP)
‘ﬂz:yﬂmmif-ﬁ’mLé’umqﬁﬁmsmmaﬁwﬁlﬁméﬁﬂ (Pollution
routing problem: PRP) waztgynin1sdntduniaenun e
Tuladadnduuudounau (VRP-RL) (Waidyathilaka et al.,
2019; Lin et al., 2014) é’ﬂLLamﬂugﬂﬁ 1

GVRP

]

VRP-RL

Green-VRP PRP

U 1 &nwaizestiam GVRP

3.1 Jymnssaaunise e ing15aUsss ud
Fauandou (Green-VRP)
Teymnsdaduniseruninuginesanussfus

dawanden fe Yymnsdadumsdmiunguenumiugi

Trusnsluntsaud sdudn lagWansuussiiuau

AunndensmiunsUssnadunuitlidmiunmsvuds fe

Mswdunmnefiduszansam dieliAnnansenuiaause

dawndeudosiign uazluvmsiderfudsddunuma

Lﬂwgﬁﬁ]ﬁmmmaau%“ﬂﬁ (Affi et al., 2018) U N15aR

nsléndanudomdsenguenuminugfigniunldly

msvuddtagldounmusildndanumaden (Altermnative

fuel vehicles: AFV) 18urununisldaueunnugd 14

wssuanthafudamds (Gasoline or diesel vehicles:

GDV/Non-AFY) n1sannisldndasud oindavesngy

PIUNUEAINaRaNsanNsUaREA IS auNTE Anle o el

Hud1Agy (Erdogan & Miller-Hooks, 2012) 3910A1SNUNIY
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235N351 MU unaEdedidnwiietulygmnisin
dunegnunmusdiRasanUssfiududanndendanuns
wiseenlddwioluil

3.1.1 fym Green-VRP fifiansannguetunmugild
wFuudiemads (GDV/Non-AFV) feghavesiniided
Uszamil Téur sideves Xiao and Konak (2016) Anwn
Heymn159ans1auas T mE U eI UL T 1T
Useii us 1ud auand 8 (Green vehicle routing and
scheduling problem: GVRSP) §3AU5¢a3AtuN133190NY
WHunenisvud s esuauAA s uNITUEA A1
wansnafy AneliAsfeiounszandiigalussuulad
aind lngldi8n1sgnuan (Hybrid Algorithm) 91338904
Norouzi et al. (2017) AnwUgynin1s9nLdunIseIunInug
ﬁlnmmitﬁumﬁuaqﬁ'mﬁmm (Time-dependent
vehicle routing problem) Tagdigauszasdlunisaniia
AsA N waznisannsldid ewndweseunivug lu
amumizﬁﬁmimueiqéﬁu'uagﬁ’uszmnm FWAUMIAAITUN
fausaduresennie Weulemenienmuesauy dnvae
MenEaIMTBIE U IUzLRavila Yivifnuazdivn
ussyveseunInuslasldisnisdnuas (Modified
Algorithm) TunisuAladeym

3.1.2 Yyv1 Green-VRP Aifiansannguetun g ild
wdsumadon (AFY) faegrwveseisesviani Tau
31UIT8v09 Normasari et al. (2019) Anw1Ugun1n13dn
Eunnsgun e nansanvssiiududanndey Tne
frsanunmuzildndanunaden wasfideuludu
ANV IUNIVILY AUTEAIRVBINUITEAINGT Ao NS
yduniefiduiianlunisouds Frennsuszgndldiznag
91893n199U89U (Simulated Annealing) wonanil Wang
and Lu (2019) léfﬁwmﬁﬁm«nLﬁamLé’umqﬁ%guﬁqméw%“U
nsuudidud fenguenummusdlindsnumadon uag
fdoulufuanugueseunvug fenmsuszyndlditnis
aanwuy (Memetic Algorithm)

3.1.3 fym1 Green-VRP fifiansannguetunmugild
fandanuitudomas wazngue UL lind ey
maden fregrivesnuiseussani taud uideves
Cirovic et al. (2014) UnaualynIN1FIALEUNIINITULES
209 UM IMUTVLILEN Tnefasaee Ui le
wdaumadeniifuinsdeduindey wavenunmuedild
wdsud ounds TneUsegndldi3nnsdassnisougou
(Simulated Annealing) Lﬁ@%%é’umﬁmmzﬁqm I
294 Macrina et al. (2019) Ytauadguin13dmadunig

PAIUNIAULT W 15UUTELAUR U Jund suwuUid]
A38ULIa1 (Green vehicle routing problem with time
window) TAgEIUIIAUETITASUNUTZNB UMY BIUNTTLE
Adndadomduuusnivdmduniessudduaunisly
wave 1uNInuz 7 1 na saulaila (Electric vehicle) 34
iladsaadliusnslunisyandsnuressuninusild
wdsulii wazdnnsUdesuaf e un Uiy
ndsrudemas IneUszgndldiBnsmdinouiuuiusey
i (Iterated Local Search: ILS)

dwsunuidglunguves Green-VRP laguuaieanniy
Uszmwuaaﬂq'umuwmusﬁQﬂﬁwmﬁmsmﬂmmaz
A% legnagulilumsnad 1

A19199 1 7151983010338 Green-VRP Taguusnuusslanvesngy

gL iiasan
UsEINvaenguvas YANYIAVE1DIUNAY
gIUN LTINS

Non-AFV Macrina et al., 2019; Simao et al.,

2009; Maden et al., 2010; Hollis &
Green, 2012; Jabali et al., 2012; Adiba
et al,, 2013; Adiba et al., 2013; Kopfer
et al., 2014; Qian & Eglese, 2014;
Zhang et al., 2014; Chand & Mohanty,
2015; He et al., 2015; Jabbarpour
et al., 2015; Naoum- Sawaya et al.,
2015; Norlund et al., 2015; Li-Ying
et al., 2015; Tiwari et al., 2015; Wang
et al., 2015; Xiao et al., 2015; Adiba
et al., 2016; Afshar-Bakeshloo et al.,
2016; Alinaghian & Naderipour, 2016;
Ehmke et al,, 2016; Ene et al, 2016;
Lee & Prabhu, 2016; Naderipour &
Alinaghian, 2016; Toro et al., 2016;
Wang et al., 2016; Yin & Chuang, 2016;
Behnke & Kirschstein, 2017; Camm
et al., 2017; Cimen & Soysal, 2017;
Hassanzadeh & Rasti- Barzoki, 2017;
Jabir et al., 2017; Jemai et al., 2017;
Leggieri, & Haouari, 2017; Liao, 2017,
Nakhjirkan et al., 2017; Sawik et al.,
2017; Sawik et al., 2017; Soysal &
Cimen, 2017; Toro et al., 2017; Toro
et al., 2017; Turkensteen, 2017; Xiao
& Konak, 2017; Chabot et al., 2018; de
Oliveira da Costa et al., 2018; Ehmke
et al., 2018; Elgesem et al., 2018;
Faraji et al., 2018; Fukasawa et al.,
2018; Gifford et al., 2018; Hamad
et al,, 2018; Hu et al., 2018; Kancharla
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Ussnnuenguues
YN WIUENRTAN

YNNYLAVBN9DIUNAY

UssLNUaINguvas NUBLAVIBIUNANY

HTUNINULNNIITEUN

& Ramadurai, 2018; Kazemian et al.,
2018; Kong et al., 2018; Li & Sun, 2018;
Liu et al., 2018; Niu et al., 2018; Niu
et al., 2018; Poonthalir & Nadarajan,
2018; Rabbani et al., 2018; Sousa
Matos et al., 2018; Soysal et al., 2018;
Wang et al., 2018; Wensing, 2018;
Almira et al., 2019; Chiang et al., 2019;
Dukkanci et al., 2019; Fallah et al.,
2019; Fallah et al. , 2019
Ghannadpour & Zarrabi, 2019; Han
et al., 2019; Khalafi & Zarei, 2019; Li
et al., 2019; Li et al., 2019; Li et al.,
2019; Poonthalir & Nadarajan, 2019;
Rezaei et al., 2019; Schroder & Cabral,
2019; Serrano- Hernandez & Faulin,
2019; Soon et al., 2019; Soon et al.,
2019; Sruthi et al., 2019; Wang et al.,
2019; Wang et al., 2019; Wang et al.,
2019; Xin et al,, 2019; Xu et al., 2019;
Yu et al., 2019; Yu et al., 2019; Yu
et al., 2019; Zhang et al., 2019; Zhu&
Hu, 2019; Zulvia et al., 2020; Zhou
et al., 2019

ARV

Affi et al., 2018; Erdogan & Miller-
Hooks, 2012; Wang & Lu, 2019;
Koyuncu & Yavuz, 2019; Gen et al,,
2009; Gajanand et al., 2013; Felipe
et al.,, 2014; Jovanovic et al., 2014;
Juan et al., 2014; Schneider et al.,
2014; Goeke & Schneider, 2015;
Kramer et al., 2015; Yang et al.,
2015; Bruglieri et al. , 2016;
Fukasawa et al., 2016; Koc &
Karaoglan, 2016; Montoya et al.,
2016, Roberti & Wen, 2016;
Andelmin &  Bartolini, 2017;
Bruglieri et al., 2017; Coelho et al,,
2017, Munoz- Villamizar et al.,
2017; Schiffer & Walther, 2017,
Sundar et al., 2017; Yavuz, 2017,
Yu et al., 2017; Croce et al., 2018;
Ferro et al,, 2018; Ghezavati et al,,
2018; Madankumar et al., 2018;
Zhang et al., 2018; Abu Al Hla
et al,, 2019; Andelmin et al., 2019;
Arroyo et al., 2019; Basso et al.,
2019; Bruglieri et al., 2019; Brusglieri
et al., 2019; Bruglieri et al., 2019;

Erdem et al., 2019; Eskandarpour
et al., 2019; Goeke 2019; Guo &
Guo, 2019; Heshmati et al., 2019;
Hooshmand & MirHassani, 2019;
Mahmoudi et al., 2019; Reyes-
Rubiano et al., 2019; Xiao et al.,
2019; Zhen et al,, 2019

Cirovi¢ et al., 2014; Macrina et al.,
2019; Gao & Zhao, 2018; Macrina
et al., 2019; Mancini, 2017

Non-AFV wag AFV

>
=

3.2 Jamnssadunse s it sanuaiyiiiniu
(Pollution Routing Problem: PRP)
ﬂzymmﬁmLﬁumqmuwmuzﬁﬂmﬁmmaﬁwﬁLﬁmﬂﬁu

i Judlymiideseauaindymnsdaduniseunivue

LUUR Y ﬁﬁqmﬂazaﬁﬁﬁumn?fﬁu Laiie AN

sropynslumadiumeiiduiigauidu uidssulufesina

nsUdesfmdeunszan mslindinudemas sveznatiy
nsiiume warArldseiietuannsiiunedndae (Lin
et al, 2014; Bektas & Laporte, 2011) Jgymn1sdnidunig
muwmuzﬁﬁmammaﬂwﬁLﬁmﬁuQﬂﬁwLauaiwa Bektas
and Laporte (2011) dmsunisuuanauveslgynilagly
Usglnvvesnguenuvugfignisnfinnsanuansdsnsni
2

A19199 2 M1519a3U3T PRP Tngudanenauussianvengy

gL IiTan
UsEINYanguvas MUBLAYENBIUNAY
guWIMUEAiRaI U
Non-AFV Suzuki, 2016; Ubeda et al.,,
2011; Costa et al., 2018;
Dabia et al., 2017;
Eshtehadi et al., 2017;
Franceschetti et al., 2017;
Abad et al., 2018; Bravo
et al,, 2019; Kumar &
Kumar, 2018
AFV -

91nA5199 2 wandbifdiudn ludgminisdaduns
g iisanuaieisduiy Seldwuindiunena
fifnweumnuegdldndsuniaden laedgninisdn
dunserumvugiifiansaaneiifindud wiuludinga
yesE U U NE R einds {Jz:ymﬁl,ﬁu{]zgmﬁsia
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g9AU191NTYNINITIALEUNIBIUNIUY (Costa et al.,
2018; Suzuki, 2016; Eshtehadi et al., 2017) 1 8i1MUA
Lﬁumaﬁmmsauﬁqm é’m%’umjumuwmusﬁiﬁﬁmmd
naugndn Inemsfisamanededeiidmansenusenisly
wdrudemdmessuninie Tnetadeinasanliun 1)
AuauURlanzveInsiadoudl Wy AuaiatuLarAy
WaEAYBINUY 2) ANANURLANIZVBILIUNINUL LYW YUIA
ATaUBATatEuFLar MU UL 3) AnTNTes
Aaunden 19U ANLALIEAUANLGIURINLY 4) AauauTR
YIAUTY LU weAnssulun1stuse (Suzuki, 2016)
n3fnuwtyminsdaduniseruninue i Ran s
uaiuiiAnty Lﬂuﬁ’a%’amuﬁ%’aﬁiﬁ%’ummaﬂ%mﬂﬁgwﬂﬁ
wazi Musnslunisvudedudn liieudlundvesning
FaBumsiudanndon uiddsnalundvosinuguny su
idlesnamnmsanmslindinuidomdmneummuzdma
Tisunudemawesgliuinislunisvudsanas uazdsde
anrunuA1vudIed luInsiun1svudrng 9 aneae
(Suzuki, 2016) 298190899 TYMINITIALTUN
U TIMUETI R SANaRBTAATY WU uiTeves Suzuki
(2016) Waruszuutredaduladimsunnuatdunis
grumvueildlunisvudduiogiaduinsdeduindeu
KussesvalvuinIsvudsdudn Tnefinrsandaun 6
Y938 loun 1) wgAnssulunisdusovesauduse 2) vuin
gruNy 3) WInUTIY 4) ANALEDI TN MUY 5)
AUAIATUTDIOUY AT 6) AINWDEAVDIAUY L
ﬁmum‘iﬁﬂa%’aﬁmﬁﬂmsﬂq Jusuusdnduls muideves
Eshtehadi et al. (2017) A nw1d gn1n159ALd UN9
prun Uz iansmuanuiliiadu Sgauszasdlunis
AauaLdunswesunnueililunisyudsdud el
Aanslindsnudomaswessuminugiiian Tasdns
fsanfoulusuneliniveuvesaudoinisvesgndd
wazaulutuouveaanldlunisidiumg
3.3 Jguin1sdmad un19g1unInue (Vehicle routing
problem) ifiv1saladainauvudaunay (Reverse
logistics: RL)
Faymnsdaduneumnmusiiinsaladafnduuy
faundu (Reverse logistics) Wanuaulafidnwazaeinis
nszaeduAvesladadnddounau lnodulngtyni VRP
Tunsdiinasuladafnduuudoundu (RL) Anwvdgmil
Aertunsheeznduanldlv viensihaudndiivuneny
AFULLEINTEUIUNSHA RN E AT (Lin et al, 2014)
Py VRP Useiaw RL Wutlymiidunisiansannisiua

WUUEDUNEU (Backward stream) TuszUUNISVUAIFUAN
wuneds nmsdiushusuladafnduuudeaundu
Uszgndldiulayminisdaiduniseruninug (Coelho et
al. , 2016) 917 u 2”97 8 9 @ 9 Dekker
et al. (2013) laesursdsladafnduuudoundu Ao nszulu
lun1snaunukagauaunsivadounduvesingauly
NEUIUNIT LU FUAIAIAGY (Inventory) USIA U
(Packaging) LLGZQUﬂyWﬁOWLgﬂzﬂ (Finish goods) & aus
N3ZUIUNITHAR N19nT2188UAT nIan1sinduanldle
qunszitiiinsdfunandog vienisidai

Tadafnduvudounduyadfunisysuinisiiafgn
seninmslnavesduaiangudngfuilan uaznisiva
founduvesuealdy (Waste) n3odu11gnldudian
Fuslnagadsdumdmsumsthaudiignldud vsedudi
lafanunsaldlaugdrmaunduunldlag (Recycling)
(DellAmico et al., 2006) @15 U gyn1N159 ALE UN
grunvuei s ladafnduuudeundu anunsauus
gonilu 4 Usziam (Lin et al, 2014) lddsaluil

3.3.1 Jwin1sdadunisenuninugd Aarsanlad
afnduuudounay Uszlannisidensuduavinaduluy
NA15UIA1US N5 (Selective pickups and pricing) tTu
Heymiifansaiilondunisnisvudduiainaddud
iieliusnsungniynau Tagludfieanduenasinssududn
MngnduIsaumniinuesdudi suaingndliiiu
ANNUesBIUN Uy karlunisfududdaneliinseld
dnmay (Coelhoetal, 2016) Tgunin13datd unig
grunuzd Rsanladannduuudoundulssand &
9aUszasALi easrarlsliunian (Lin et al, 2014)
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Fro819091u3T8ve sl min1sTmd Ut IUN U i
fvsaladannduuudeundudssani Wud ideves
Ubeda et al. (2011) 16’1"1/T’m’13'1mLé’umqﬁﬁﬁunwﬁﬁ'qm
dmsunsliuimavudadudludigné wiousiatmunga
Tuns¥ududiaingnd Taedi n1sunidnresdudni
muwmus%’uﬁuﬁaqlﬂLﬁwf’mﬁﬂmif\;ﬁuaqmuwmug
1ael9' 78 Four-Neighborhood Variable Neighborhood
Search (FN-VNS) Tun1sundeym

3.3.2 Yoymn1sdadunisenuninugs iansanlad
afnduuudounau Usslannisiiusiusiuveade (Waste
collection) dutlgymfifansaitenudunsiimsngas
ﬁﬁmﬁm%’umﬁmmwas (Wastes) Tngesdinanad el
annsawtoandu 3 Usziam Toud 1) vesfiininunas
Yuw/uvasinneds wietuindiuyana (Residential
waste) lnsgnunmugiadeudilununuuiiiovnsifiues
Mnfavszauiadn Tneanudlunsifurestuey fuanin
QoA anmgdenans uagA1uInIg 2) Yuzidanidvd
(Commercial waste) 10 uveeii Lina1n19assnA LAY
$1up1s waverAsaTinuIIAEn Falldwezuunalng
anudlumsliuinisaeudnansd uay 3) vezgnamnssu
(Industrial waste) uvesdiinaniuiinesdte vezen
Nufidunanadles waseassnauduwalng nsiivaes
99aMNTIY wazzanavdiauunnssiulime s
PUIAUDINBULALTUTTY uidadauuandslufiuves
LA#UN9RY
ﬁm%"unszmumﬂumnﬁmwsamUzqmawwﬂssuﬁu 15U
Mnoummuzthdinsuzalussiuniuesgndi tile
thausaldunuiinsusiiussquesifunnug aindu
Fav1veeit e Suludeaniui invm (Idrus et al, 2017)
Faeg1301u3Tef R s Ty mnsdaduniseunivue
@uTuLA Usausauvee laun 1uTTeues Lu
et al. (2017) ¥n s ndunafngandvsunisiiv
urmvsryarosluuniion ielfinszansnwvesszuy
MiusIuTInezyaios Juinnisdanseeresnadsdy

3.3.3 Jyminisdaduniseruninuegd nansanlad
afnduuudoundu Usstnymsiiusausinaiulsenaures

HanduaivIedud1vivuneiy (End-of-life goods) L a1
AU LT USElevY L 991NUINAUAINS BNE M5 U9 93]

vdufiansnsatindunldauysslonildlng vioue
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3.3.4 Yun1n159MduUnIe unInue i Re500
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s1ed0dldsuAudmTendnduainud ivun wasdauiu
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PIUNMUE TR

Fregrsnuddeiidnulgmnsdaduniseunime
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Dondo and Mendez (2016) lfaanuuuiduniad A ga
dmiunisnszaneduawazinn1vurusIRduAInaulng
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hU8e HGA = Hybrid Genetic Algorithm; ADP = Approximate Dynamic Programming;
ALNS = Adaptive Large Neighborhood Search; TS = Tabu Search; SH = Saving Heuristic
MRH = Multi Round Heuristic; SRB and NNI = Sequential route building and the nearest
neighbor insertion; ILS = Iterated Local Search; HACS = Hybrid Ant Colony System

PF = Pareto Front; MOIWWA = Multi Objective Invasive Weed Optimization; SA =
Simulated Annealing; CG

Column Generation; MILP Mixed Integer Linear
Programming

VNS with TS = Variable Neighborhood Search with Tabu Search; MCWS and DBC = The
Modified Clark and Wright Saving Heuristics and Density-Based Clustering
GA = Genetic Algorithm; ABC = A Hybrid Artificial Bee Colony; DP =

Programming; SIA and GLSA = Sequential Insertion Algorithm and Guided Local Search

Dynamic

PPES = Predator Prey Evolutionary Strategy; PSO = Particle Swarm Optimization; ACO
= Ant Colony Optimization; BR = Block Recombination; IGF = Improved Gaussian Firefly
BCP = Branch-Cut and Price Algorithm; MOGA = Multi Objective Genetic Algorithm;
MOGE = A Many Objective Gradient Evolution; MACO = Multimetric Ant Colony
Algorithm

AVCAS and SIDRA = Ant-Based Vehicle Congestion Avoidance System Signalized
Intersection Design and Research Aid; ACS = Ant Colony System; BC = Branch and Cut
ILS-SOA-SP = Integrated Iterated Local Search with A Set Partitioning Procedure and A
Speed Optimization Algorithm; GEET
Transportation

AVNS with TS = An Adaptive Variable Neighborhood Search with Tabu Search; MSH =
Multi-Space Sampling Heuristic; FN-VNS = Four-Neighborhood Variable Neighborhood
Search P-MIP-INS = A Hybrid Algorithm of Partial MIP Optimization and lIterative
Neighborhood Search; BAP = Branch and Price Algorithm; IPSO = Improved Particle
Swarm Optimization AMABC = An Adaptive Memory Artificial Bee Colony; VNSB =
Variable Neighborhood Search Local Branching; NSGA - Il = Non-Dominated Sorting
Genetic Algorithm II; EC = Epsilon Constraint; MOSPOOLS = Multi-Objective Smart Pool
Search; MIQP = Mixed Integer Quadratic Programming; PS = Path Selection Algorithm;
RO = Robust Optimization DEM = Digital Elevation Model; TPH = Three-Phase Heuristic;
HACO = Hybrid Ant Colony Optimization; MCMC-RORO = Multicompartment Roll-on
and Roll-off

AIS and PSO = Artificial Immune System and Particle Swarm Optimization; K - PC = K

Greening via Energy and Emission in

— Path Cuts; MINLP = Mixed Integer Nonlinear Programming; LG = Lexicographic Method
LNS = Large Neighborhood Search; MOIP = Multi Objective Integer Programming; RDP
= Restricted Dynamic Programming; MPSO = Modified Particle Swarm Optimization
CMEM = Comprehensive Modal Emission Model; GA-DP = Genetic Algorithm with
dynamic programming; IBS = Iterated Beam Search; PG = Path Generation

SA- RS = Simulated Annealing with A Re- Strategy; MOPSO = Multi Objective Particle
Swarm Optimization; PLS = Pareto Local Search; AHP = Analytic Hierarchy Process
NRGA = Non Dominated Ranking Genetic Algorithm; HSAA = A hybrid Tabu Search
Improved Simulated Annealing; GT = Graph Transformation; EA = Evolution Algorithm
SA and SMPSA = Simulated Annealing and The Self- Modifier of Probability of Section
Approach; RTSP = Real Time Shortest Path; HTS = Hybrid Tabu Search

C-HQIA = Hybrid Quantum Immune Algorithm Based on Cloud Model; PTO
Polynomial Time Optimization; VND = Variable Neighborhood Descent; CP = Cutting

Planes
GTS = Granular Tabu Search; TVa-PSOGMO = Particle Swarm Optimization with Greedy
Mutation Operator and Time Varying Acceleration Coefficient; HH = Hybrid Heuristic
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GIN = Greedy and The Intra-Route Neighborhood; NNC and ACS = Nearest Neighbor
Criteria and Ant Colony System; MSLS = Multi-Start Local Search Heuristic

DE = Differential Evolution; GRASP = Greedy Randomized Adaptive Search Procedure
and Simulated Annealing; IDE = Improved Differential Evolution Algorithm

DRL =
Hierarchical Multi Agent System; HLNS = Hybrid Large Neighborhood Search; GrA =
Greedy Algorithm

Deep Reinforcement Learning Algorithm; PHMAS = Pheromone- Based

aad

4.2.3 3581 7 (Other methods) wanintlaainngu

ATnsAumAIReUT lanauT1sdula 1y nin1sdn
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3u 9 ﬁgmj’wmﬂizqﬂmﬂlﬂummﬁ'ﬂwmﬁ UNFIDE 9L
n1sudnalulad Radio Frequency Identification (RFID)
Wntrewntatdgm laun 91uideves Kim et al. (2014)
n3oNgunTIneiansaaulAie (Fuzzy Logic) laun
314398904 Jovanovic et al. (2014) Soleimani et al.
(2018) lmeError! Reference source not found. @354
unanuiildsunsiifuidiisadestuilym GVRP

911 Error! Reference source not found. 4 419 u
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BRS = A Biased Randomization Saving Algorithm; e-CRO = Enhanced Chemical
Reaction Optimization; IACO = Improved Ant Colony Optimization; Swa = Sweep
Algorithm

MD k-SP = Modified Dynamic K - Shortest Path Algorithm; MAC = Memetic Algorithm
with Competition; CWSHA = Clarke and Wright Saving Heuristic

L-ﬁ'val,wﬁq (Gasoline or Diesel vehicles: GDV/Non-AFV)
LAY 2) NAUYDILIUNINULT LT Na9aunIaLden
(Alternative fuel vehicle) Fstaunnmnesswineunmus
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1) srunusildndsnumadeniiszoznisdunistud
$ie 2) prumnusfildndsnunadensviaueauand
Tusnnsidewnas way 3) erunmusildndanumaden
Tanlumsiiud aund swiundteruminueiildndanu
\Fonas (Koyuncu & Yavuz, 2019)
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