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Abstract

The objective of this study is to create a decision support system in order to select an appropriate
road freight transportation route by applying fuzzy multiple criteria decision-making approaches. The
decision support system comprises three parts. The first part is a database, which collects data of road
freight transportation routes between origins and destinations by using the Beresford’s cost model and
standard criteria for fuzzy risk assessment of road freight physical characteristics. The second part is a weight
calculation, which is designed to calculate weights of decision criteria by fuzzy analytic hierarchy process.
The third part is route selection part, which is used to select the most appropriate road freight transportation
route by using fuzzy technique for order preference by similarity to ideal solution. The main mechanism of
the route selection part considers transportation cost, transit time, fuzzy risk levels of each aspect, and
weights of each decision criterion. The route selection part can prioritize road freight transportation route
by ordering the closeness coefficients in descending order. This research study applied the proposed
decision support system with the road freight transportation route selection from a warehouse to Mukdahan
customs. The results demonstrated that the proposed decision support system can well solve the problem
of road freight transportation route selection. It compromises all decision-making elements to find the most

appropriate alternative, and yields high effective decision results.

Keywords: multiple criteria decision-making, freight transportation route selection, fuzzy logic,

decision support system
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Decision Support System for Road Freight Transportation with Fuzzy Decision-Making Approach
Main Screen: Closeness Coefficient
Fuzzy Decision Matrix Fuzzy Weighted Normalized Decision Matrix Closeness Coefficient
Cost Time Risk of Road Elementy Risk of Blackspots |Risk of InfrastrucrurelRisk of Route Abilitie
A+(0.148 0.170 0.201/0.132 0.152 0.179(0.091 0.121 0.176{0.109 0.127 0.170{0.096 0.118 0.162|0.051 0.080 0.114
A-[0.135 0.155 0.183]0.125 0.144 0.170/0.088 0.116 0.169(0.102 0.117 0.153]/0.089 0.108 0.144{0.037 0.051 0.070
No. Route Distance dit Distance di-
Al: Warehuse at Laem Chabang
Port -- Chachoengsao -- Bangkok
1 [ e et - Samowti - 10,016 0.000 0,005 0.000 0.007 0.020(0.048 0.000 0.007 0.000 0.012 0.006 0.012|0.037 0436 2
hon Ratchasima -- Khon Kaen
-- Maha Sarakham -- Kalasin --
Mukdahan Custom
A2: Warehuse at Laem Chabang
Port -- Chonburi -- Chachoengsao
-- Prachinburi -- Nakhon
2 Ratiha iR on Kacne: 0.007 0.002 0.001 0.011 0.012 0.018|0.052 0.008 0.006 0.005 0.004 0.000 0.013{0.036 0413 3
Maha Sarakham -- Kalasin --
Mukdahan Custom
A3: Warehuse at Laem Chabang
Port -- Chonburi -- Chachoengsao
3 |-~ Prachinburi -- Sa Kaeo -- 0.000 0.000 0.000 0.012 0.000 0.000(0.012 0.016 0.008 0.005 0.000 0.012 0.031{0.072 0.854| 1
Buriram -- Surin -- Roi Et --
Yasothon -- Mukdahan Custom
A4: Warehuse at Laem Chabang
Port -- Chonburi -- Chachoengsao
4 |- Prachinburi -- Nakhon 0.015 0.008 0.002 0.012 0.000 0.031(0.068 0.001 0.000 0.003 0.000 0.012 0.000{0.017 0.197| 4
Ratchasima -- Buriram -- Surin --
Roi Et -- Mukdahan Custom
This program is designed for supporting research of Asst. Prof. Dr Nitidetch Koohathongsumrit and Ms. Wasana Chankham
Department of Statistics, Ramkhamhaeng University, Thailand
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Abstract

This research demonstrates the comparison of the energy efficiency improvement by the dynamic
heuristics scheduling of the truck. Filling-fuel scheduling is considered based on the pump’s usage, which
is changing all the time. Since the pump can handle 2-5 nozzles at the same time and the orders consist
of more than one fuel type with different fuel volumes. The Dynamic Heuristic Scheduling is proposed by
comparing the Least Operation Remaining with Most Operation Remaining rules and the Largest Total
Processing Time with the Largest Processing Time to prioritize fuel orders by considering the number of
used-fuel nozzles and work remaining in the system, which are changing all the time. With four dynamic
heuristic methods, the dynamic heuristic scheduling by Least Operation Remaining combined with the
Largest Processing Time yields the least energy usage. The energy for one-liter fuel was reduced by 42%,
from 0.42 watts-hour per liter to 0.24 watts-hour per liter. This also affected the pump energy cost reduction
of 200,215.25 Baht per month on average. The scheduling technique is based on a stable ordering process
in which volumes and orders do not change during the scheduling process and is also limited by the

physical characteristics of the depot.

Keywords: dynamic heuristic scheduling, least operation remaining, most operation remaining, largest

total processing time, largest processing time
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Abstract

Infectious diseases caused by viruses have been reported across the world. These include
seasonal diseases like influenza and emerging diseases such as COVID-19. The vaccine is one of the effective
tools to control a virus pandemic among the population by preventing virus infection, reducing the severity
of illness, and reducing the mortality rate. The Government Pharmaceutical Organization (GPO) is a state
enterprise operated under the Ministry of Public Health, with a mission to supply medicines, medical
devices, and vaccines. GPO has a policy of vaccine production to reduce the importing of vaccines and to
establish vaccine security in Thailand. As part of the GPO, the biological product (Vaccine) production plant
has employed an egg-based platform for the manufacture of vaccines, which presently includes trivalent
seasonal influenza vaccine, quadrivalent seasonal influenza vaccine, and COVID-19 vaccine. However, the
production capacity is limited. To fulfill the domestic demand for vaccines, imported vaccines have been
widely used. This paper aims to propose a mathematical model by employing integer programming to
generate a quarterly aggregate production plan for three vaccines. The objective of the proposed model is
to minimize the total production cost and import cost under capacity and inventory constraints. The results
show the effectiveness of the proposed model and that the manufacturing costs of those vaccines are

sensitive to the amount of vaccine production and imported vaccines during the planning period.
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* Corresponding author. E-mail: fengppy@ku.ac.th
1 Engineering Management, Department of Industrial Engineering, Faculty of Engineering, Kasetsart University

2, 3 Department of Industrial Engineering, Faculty of Engineering, Kasetsart University




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

1. Unun

M3srUInvadlsARntainanlisadnsilo

U

=

ogedaiiios uaznuitenisinnisindeluuidsad
arwgunsstu Sadudunidsluaiesdefifsyansnm
Tunslestumsinideainlafa Favananugunssan
nsUasuaznsdedinduidesainanzunindou
vt sana1ld91elun1s¥nuIne1uia waznis
unInszedessminayaanaensunnduazEtaely
Tsmeuia Jadudseloviludeassuguiagluis
\sEgNY Yeyaann World Health Organization (2022)
wanaliiuinanudesnisvesiaduialanduualiy
dintunnd Tl . 2564 Yssinalnedginisainig
53UIA U vedlsnlain-19 dwalinulsuninigaas
wendunislunisiidriady egrslsiaunisung
syundanandssaliialandesnisiadudiuaumn
Jandgymanuartrlunisdaeuinfuainuivnguan
wazmsdaevluSinafidininnudesns wenani
faillhfafi insszuinniugenia vinlvdosdatady
nsefugiiiteteaiunisunsszuinnnl edneinduy
Joatulsaldwinlng Fenmuuinienisaivqulsa
nsEnsassiay Wdnasulivssnnsnguides 1wy
ndskenssd fgeong Winidn filsnFess sausypaing
nansunnd lasutndutestulsaldnianlvg (Ju
Uszdmnd

osfnsLndunssy (00 fulouendninduiie
AT uAIresUsEng nawnuntsund1Taduan
aedsema widaivaweauiaduluaniunisainig
szualng lnensyuiunsnaninduazgnaiuauniy
11955714 Good Manufacturing Practice (GMP) Fadu
wa”nmwﬁﬂummgma’maﬁuaq Pharmaceutical
Inspection Co-operation Scheme (PIC/S) Wi ol¥iLAn
anuidesiluduenaasnde Aunw wagdsyavsna
vowdnsioe Tullagiu an. Tanenisudainduainlisa
sgwmalulaglylan wies 1 aenisnde wagaiunse
wanTaduldavun 3 via Ao Tadullosiulselain-19
Tegulosnulsaldninlvgjyidn 4 areiug uazyia 3

ANNUS FINSTUIUNNSHARILNATUlUS N YL ALl DY

q

=

' I3 | & a a v v ¢ o
WU9aNUU 2 @A 1) NTNEALDUALAUINVU YTy

o a o 4

Mgd1Agyluindu uag 2) NMINALLAZUTIINEN U]

v a4 o o a A

ARudusaU Tngnskanuoudlaududuiuingivau

q

9 LU a1y A1SIEAINAIEN N LaIUTIYadhy
U509

Weasnemainisudnludaguniiegiies 1

a <

ANYNIIUER LLa%gﬂﬂ’]UﬂMﬂ’mIﬁﬂﬂmﬁg’m GMP tAmLTdU

v

YINNANAIUAIAINTISHAR bl aUTONARTARY
lanuduIuAd 1@eveagnaAi wavaesind1indy

WAL B UAUBIAINADINITYRIRNAT LAl ane

o

RRIBLIEY

o

npUsrasdioUssendldnisasiauwuuinaes

IUiLLﬂiNLa‘U"\]O'lu’JULﬁiJ INOINUHUAITHER WAZLNUNNT

¥ '
&g o <

VPP DTAYUNALNULND N EIND A UUS LN TATURILAN

v
va v a

detre Tilduyusulunsaniunsdamiadunaign

meldmdanandnludagiu

o/

2. uwRangeEd wazauIdenneldas

nsudntugnamnssuaulvg aznudgm

1 o W a =

1309USUNUAUAINABINISUINAINANRINISHAR NSLEBN

v
=< | Y o w

yilauagd1uIuAuA1Maznin Il usg futed1inves

A

n§nenns Famansenunnemdnaniasivied glusy
yoen1duLarlalynisiu ABnsundyniningn e
Heuristic Algorithm %38 Meta-heuristic Algorithm ER
dnasilunisdadula 3 naninwel As Ysuiaeu
Aldanelunsudn wazU3unuduainnds [1] Taeiing
oy NgnsnIINanveIndndue (Bill of Material)
WIUSMIAREUALAZAIUANNITNES [2] wuTiluefnld
Tn15Useyne 1435 Heuristics Algorithm +9' 17U
nszuIUNIsHaneInelANInIgIuNIsHaReT Tunis
Fravsantunisal ndenuld Algorithm SaL5 e
wnerunsranlfdulunumd douazauiuanis

= =

Uil U89 Ao9A989TUNITIALS YILHUITUAD

o

Faquszasdnisdandn wadu 2 Snungfe nanaw
USunaundede warwanaudsuaimmualiiiese
TIUUE Imamiwé‘mmuﬂ%mmﬁﬁﬁaﬁ]zgﬂé’mﬁﬁuad
Tuununsranieu (3] wenantuins14le3s Linear

Programming Model (LP) %5 ® Integer-programming




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

Model (ILP) 1t ol 119urun1sudaliladusunaniu
’3’@1qﬂisadﬁmaiéfﬁwé’qmiwﬁmﬁﬁa&_j wazliaennaes
ﬁuﬁunuma@msmﬁmﬁﬁuﬁﬂ”i [2, 4] @15 UN15979
uwun1suand ldnadnsiduduiusundn arunsaih
wuuaaslusunsuardwwfuudszgndldlunisns
UNUAISHARLA [5]

PMAINNITUNITHAREN srnudesiinaindes
wpsgrumsnaniidesdulununguing GMP/PICs i
Iﬁwamlm"ﬁaﬁﬂdwﬁﬁqmiwﬁmqqqmaam?aﬁm 1oy
nannIINeAdamansaiunsaUssendlaly Aggregate
Production Planning @1%5UN1579MNLS I8N THERTIT
HAnSaeinaInTate avanunsafuaUTIMNISHANT
wanganigaldnuinguszasd [6] Inededdaiiiune
wdansinUnamdnensiaideddlunis
KAmNszUIUMTIU finndmineinsiidegiiionisndn
[1] peslsAnny wdnA1sneadaanssalidesinalu
nsdilalgedsienissaufindnueandnay wWslid
FuunsHAnTisfign n19nsusuieIEnsdanaaf
aziﬂﬁmqméma (7, 8]

asfnslaerilasdonlandnnanfasitues
AelUUTENAIEMANAATUNITWYITUNITNINITAAA
wazandymanaliiuiueudigdasmiredaeulaile
AUANNABINTS NTllENsaran A saNeiUAIY
Foams axdendndnsidnnnauny Tnefosindninasi
SLumﬁLﬁaﬂQ’ﬁwm&Jwamﬁm%ﬁﬂﬁﬁﬂﬁrjﬁuﬁwﬁlﬁaﬂ
Foifiemaunuiulidesnmunwlunidudiingn ns
afauvuaesssadinmansiiiovielidoyadunusam
wavUsinaiidesanuazdonaunulunsinaula [9]

nsAnaduuaelianiIiznIsaniun1snEn
234 %i’mé\’unuﬁLﬁﬂ%ﬂﬁﬁWWﬁ@UﬁU@ﬁz&JzL’Jmﬂ“zg%
aunsasusteyadunuiiindedldionennia e
Tilunsnausunisadn deandunudilaenadaiiull
oy Fadesseielunisindeyad laluldlunis
AAs129d [10] dmunsruIunSHARTd T suan
ad1odvluudazndnduel uiiludiuvesingdui
waneinariu Al N sarAUA U UNANNAIUTENINNTT
avausuyuntsddunsludiuestuneunisndn uag

ﬁunumuﬁm%fmqﬁumama ﬁunuﬁ'ﬂﬂaﬁngﬂ

Fnassasluiiudasndniuel iedaseridunuves
ARSI 1 ¥liaseniig wagthlUuimsdanIsuuey
NsHae [11] @msuTsnsAndunun1saidunis
fanaduismsfafunuuuudadu lawnsaling
N153ATERlUTanRun Ui A lnilauiuisnis

AATIEdFULAINAINTIN [12]

ad o =) a o
3. ALUUNITIAY
3.1 NI5AATITRVRINANITHAR
ASEUIUASHARIARUANNLISAR e lulad b
TnflnuadlsasuazuInIsuanaandy 2 @ fs 1) A5

Y a

HARLUALUTNTY lnaisudwrsuTngAuraniunis

' o
a [ o

wande Wlafln Wensifiusuaulfa ndwintuay
Aol ludruidlhfasiuauinn wdaunvinle
wAnAsifinnauanddudulasnisiumiss manses
ne1vU udavinliusans 8 e unandududiemaia
Ultrafiltration tkag Ultracentrifugation & snuaz
NT99ATEULAUNTBITNIUBUIA 0.2 luAsou Teasla
wouflaududu 1 Jun1sudn 2) msndniaduduiagy
Tnemsthueuieududuninay wdansessaande
WarUIIIRIIN lnginduusiarainfoin1sdnuiuiunis
HARLOURUTUTUT WANH 19 ﬁuﬁuqmmimémﬁ
AUUA ﬁnﬁ?uﬂixmurmﬁy’mmiéﬁ'iwgL’Jmagjﬁ 36, 37
way 32 Tu @unsuindudeanulsalain-19, TAgy

s

Josdulsnldninlugiydn 4 aneiug uag 3 aneus
pudIfu 913U 1 asiulddnfaenisndaiiion 1
aewhiu Tagluduneunsvliusansanrieveinis
wAnwouAaududu Suduseddiadostumissu
58Ud 9 (Zonal Ultracentrifuge) 4 s3940 us 0914
\n30sdng 2 seudesuntawdn usiilesanilindeadns
WivaieSeaden iliAnidunovianisiau
nsdlfiinssdanueudiaududuminnd 1 5u
nswdndedUann azvinliluuisiufinszuiunisnand
FouRUAuLINATT 1 NTEUINNTT FIALUIATFIUNT
wAne gliannsaldiuiinmsdenuiuaiesinaie
wARLINNT 1 Jumssdalufudentuld esndesd

M3YNANNALRIAAIUNSTHAANNATINAINTHER (Line




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

Clearance) wodasiunmsvuleussninamdnsioueivie
FENINFUNMIHER SImadlefiarsanduauideld
TuNISIUNNNTEUIUNITNHUTT @10150WIN1THER
Ioanndiani 2 sun1sudnseduniv

Srwawiuildnda

. a4 & a
FAIUNDONINALUNY VRAIUNITNAA

LAz IWIBLATOIINT

‘ WSnmddsdaiadu i ‘
Fa¥odu i naunu — l Fwauiadu | finda
‘ mIuITy ‘ 7 190
T AUMIHEN 1§
‘ MIng l 19u
T AUNINER 1 T
Suammaudowtity | finda
‘ mazwawmarhldhianuagns’ ‘ 7 25
T FUNINED 1 §189%
miw"ﬂﬁuﬁﬂﬁmﬂﬁu?qﬂﬁmﬁm 27
miﬁﬁlﬁwﬁmﬁmsﬂu?qwﬁuﬁu 150

T FUMINEA 1 81090

[ mainlauszmainiwanhia [ 15 34

T Incubator 4 18384

‘ Janauasan (lu'ldn) [ Sudagdu

U7 1 nszvrumsieminduiitedawouiadumud
deife
uaNIINIMINNINTFIUNITNENLT T2yl T
nszUILNMTheNATo RN ARLazuTNGRIToR
mswasuviinvewaniasifinanluaenisndanietu
(Campaign Production) smdlssnuldiansevanide
delelasinuesesnled wieminitolhdadivasvie
o¢] FanszurunmsevsniBednarniatuluusazadald
LAY 1 dUait Inalidiuiusunisnantoudiay
Wintuanaald 2 Jun1suEn
Nndedriasuidsnsnandlenaiun viili

= v

lannsondatadulfifismetuliinasdde Tafes
Foteduifioumauny Fandnsaeinaeuay Taduiy
Fndudedldsveugranzidouainddnaiu
ANENTIUNNTOIMNSUALET (98.) ABUNIST MY Lile
funsaseutaendovesiuilan dufu Yadufindauas
Foundtonaunutuazdesdiaunmuazinasgnlassiu

AN5UTELEURNN DY,

3.2 UUUIIABINNANAAIENS
VoAU FIUAINTUNITAT1UUUTIABINI

ANIAFEARNS AB

1) nningAvwarindumidilifidymilunig

v
o a o

detre lnggnaningAuty q awnsadweuingauliiu

1

= ' I~ @ a

Nalsaulavudl naafe IngAunantunsHanAe 1o

q
v

1 fnsvhdyalunisdsdeaimindused Wuly
ANULHUIUNITHAR

2) YSunmenudesnisiadudumddessd
Tnedifvundaauduselasuna

3) nszurunsRAnAntuludnvazdeLleay
qunszurunslu 1 Junisudn Tnefina 3 wdnstostlsl
AANIZUIUNTHARTILAY

4) armsfiwmesivualinsdinasnszozina
ATINILHY

5) lififesiamuszuunisdafiuinduiingn
wasAdsdmsusaiutaguivuds TneTadudividnun
iHensrasuiaduudiaie Tadudsnanazgndaliiy
@Jﬂéﬁmmwznmﬁﬁmum

6) Mmasmnanvedlsanuludagduidednia
Feldaunsandaldiiismediuainudeanisvesgnen
wazdefinsdetadudumaunuy sufuusinasadud
Sovnanlfomnazgndweuliiugnd nuszeziand
A%UR

LUUTIABIN AL AATEAAS A1NTUNTTIN
LHunINanTATu §ausznoudienguvesiiuls

@

Jana wazaunsivung J51vavidensanelull

3.2.1 a%il (Indices and Sets)

j BUAYDILOURLUINTUTINGS e j = 1,2,3

a

wnuweuAlaududuN Judiuuseneulunisnanindu
Josiulsalain-19, Tadutesiulsaldwinlngvia 4
aeiug way 3 aneiiug My

i wiavesidufiniunssuiunsude ble i =
1,2,3 wnuindudeanulsalain-19, Tndudesiulsa
lgninlvajuin 4 aneiug wazaila 3 aeiud aua1su

Jy nauiinvesneudiaututuilinanindu

t lasunamssamiadu e £ = 1,234 unu
Thsunait 1,2,3 uway 4 auasu

s, nauvesilninduiidesnsuanlulasunad

t




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

3.2.2 fauwusandula (Decision Variables)

W d1urusun1sudnteudiaudutuyilny j

fidedalulasunad t

X, dwugunswaeiaduviind | idewdn
Tulnsunad t

Y, ﬁwuauﬁui’ﬂ%uﬁnﬁmﬁ i Asonaunulules
e ¢

U, 3uiuvilnvosin@uuin? i Nnowdnluy

lasunadn t

3.2.3 %’agaﬂ'ﬂm‘ﬁ (Parameters)

Mc, Funuvesingavlunisudniadusiad
dwisulasanad t (mie: vivsojundn)

Oc, Funuirmsnaninduuiad i dmsu
lasanail t (mide: vmseguREn)

Hc, éfuvlumi@uai’ﬂ%uﬁ i AIARY 19U
lasanal t (mie: vImseguREn)

Sc,  aldanenisviauazeanewsundn

a

Seduwiad i dwmsulesunad ¢ (Muae: umeenss)

~

Pc, AuNuRdgueIN1I¥oingurlag i

dmsulasunad ¢ (ue: UnslesuNan)

Inv, swniedursadseided i dmsulag
W@ ¢ (vue: Jusdn)

Dem, snuiidosdwauindusiaf i dwsu
lasanadl t (mie: Junan)

Ds;  9MuUNIHERLURARUINTY dwmsu

HARIATUYTEAT 1 91U 1 JUMINER (e JURER)

3.2.4 #un1sidnnang

s A o v v
"ﬂ’]ﬂuiﬁluqﬁléﬂa\jaﬂﬂﬂi LWE]R]G]W]’JﬂsduELme’m

° [ a

Adsgevesgnal Mmelamainisnda a Jagtu lned

sunusnlunndawasdeinduiiaifian Jelauns

q

N A o

Wavunede dunusilunisdandadui i gae

(Minimized Total Cost) fsaunisi (1)
Z — CPd + CHC + CPC (1)

Fauseznavlume

1) FUNUTINTDIAUNUALTUNITNER wazaATldTne

=

nsviANazen (C9) Tussezinan 1 U 837 € S, Ao

a o)

yilaTagun / indn eglunguvesvilininduiifenis

nanlulasunad t feaunsn (2)

cPd = Z(Z T 1MC itXut ~ +
21 Z CitXit +

12 1Zl€StSC|t)U|t (2)

4 1; Sedueiind | waelulasunadi t
ne? U, = »
0; nsdldu 9

Tun1suuaauunfiaeiinszuiun1sviinIy
4¥01ANAIDINNTTUIUNITNAANNATY TIAUNUNIT

a

m”wLﬁuqWuﬁ'auﬁywimaqiuﬁunwdmmimam (Oc,)
dmSuanensnanveseuioududud aduiuinld
nAR B3R iTdin nsaifdnisnantedurdad i lu
Insunadt ¢ 9asusiuauadawesnisoveidslialy
ANENSHANLAT LTINS 9nsuurdnvesiaduiides
raslulasunad ¢ Faiunasiusuuiadueded | idos
wAnlulasanad ¢ B 1

2) A UNUTINVOINITA UAF UAIAIAT S (CT) Tu
szpza1 1 U 1Ha01n Aedsvessiuiududnmdiu
nauazasnaguiuiuunsquaiedusled | Asads
Tneandniu (He,) Andu 20% voss1A1gun1snEn T
ol feaunst (3)

Che=yM ST, Hcit (Invig-y+ Invi))/2 (3)

3) AU uTIMVINTTRIATUNAUNY (C) Tuszeziim
1 U iinannwan uvesiuiuinfundenaunuiudunu

= & o o~ i a o al'
RAYVBINNTVDIATULAALIUA (Pcy) ANANNITN (4)

CPe=yM ST PcitYit @)




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

3.2.5 493110 (Constraints)
mMsdsuauaudldnsunuddde uaznsanu
a1 nafesIvInTAgul nansaudusuIutadud
v deaihiusuiutedunuddade Saunisd (6)
Feinduusiazviafidnnulaasogunisudniiuandnaiu
lngindudasiulsalain-19 ndnla 200,000 lnasdogu
ASHAR LLazi’ﬂ%uﬁmﬁulsﬁwi’ﬂimﬁq 2 wanla 25,000
Tnastagunsudn dudiunuiunsuaniiazdeinduus
azvdaumauny szAnainlaadeyundnludiuiud

wihnumasnseanvedlssnulunsaifne
?:1 Z?:l Xit + Zl‘gzl Zg-:l Yii= Demit; Vi, Vvt (5)

wWalvdinisudaseenglusygyinnisuda
mMuualiunundaly 1 U desdnisudaiadunnyiia

98By 1 JUNIWEN AEunIsN (6) As (8)

i Xn>1 (6)
S Xu> 1 @)
Y Xn>1 (8)

N1SNENTATY 1 JUNITHEN FLADIINKUNIT

NAMTR T T1UIULDUALAIULT LT UT LNz al i avdu

drulsenavlunisuandiaduusazyin lnglaumLau

Wuduiiad | Ande vdeaduviiafeiuiuiouiiinu

Wwutuidussausznaulunszuiunisuaniaduyien i
U a A A, & o a ao v a a

wazdpduriind i \Wuladunmvualindntulasuan ¢

fladunsi (9)

> jesy Wit= XitDsit; i € St 9)
. 2;i=1
g Dsit=4{4;i=2
3;i=3

F1UTUNIHEALBUALUTNTUNIINTdn L
INNNSANLIUIINTDINTARIUNTNEINT 1DU 2 U3
nanFadUAY Aty Tu 1 lasuna anunsandnlebaiiu

20 JUATSHER

WNIFIUNIINERTRTY Anualiviauazein

v v
o o

NAATINRIIUNTLUIUNITHAR bULAALTUNDY LA bUNTE

q

'
=

ffinsasuriinesinduiazndnswJusesiimseuan
\FoauniswanuariuinantousunanTagusdnlmily
wiazlasuna Fsnsianuazernusasassldinan 1
duani ilinsndnuauflaudutuanad 2 JUNISHEn

Feaunish (10)
Yies, Wit<20-2Uit; i €S, VvVt (10)

wotdl el dn1sHani AT ustan /i usobudnis
Wasuriavasiadunasnannislulasunan ¢ Aagly
wnaulunisevewensundniadursian i lulasuia

U AsaunIs9 (11)
Xit < mUit (11)
1ne?l m ApA1AINAdAIIN 9

@ 4

VAIINNLNITUTTVIATUAIVIALAY WA

a v N o ¥

aggnundldiiuiiadsdud iesedweulviugnén

suseulasuasiely JuliTnnuiviosgluadsdua

4uNS FeaunIsh (12)
Invit = Invie-1) + Xit + Yie— Demit ~ (12)

FIUIUTUNIINENTATUNHEATIN TIUIUTY

a a v v o R =)
NsHARkOUALIUTNTY Wazduiusuindundenauny
& o a v o v a & o s
s wrinvesiadunaewdn Judnuiuau el

WNNIINAUAUE Asaun1si (13)

Xit, Yit, Wjt > 0 uaz Integer (13)

4. NAN159Y

nsmmasnsdmiuiymildldnonfiamnes
Wnda CPU Intel Core i5 @115 Uai1auuUIN@09N19
adnmans Lagyaneuiivszanfigalaglsunsy
Solver Add-in ¥1a Excel Add-in 31NN15UTEUIaHE
WUUTIADINNAEAFIANTTI9AU LANAaNE1NNS
NAFRURINTNT 1




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

o
o o o

M15°99 1 Toyards@eingu uarnadnsn1sAuIn

WIIATU (GUNTHER) | 3T WU
ylininTu
- - 3 wan
Aanssu 1aTn- |4 a1y ,
. da19 | Tuunas
19 ug ..
Wi |[lasuna
(U
fdadfestod | 100 16 280 | -

Frurufidedeuau: AnduiUasidunnfosdauay

(Demyy)

loswnaii 1 | 25 50 50 -
losinadi 2 | 25 50 25 -
loswai 3 | 25 0 25 -
losinad 4 | 25 0 0 -
Sunuinanueufaududunsazaiio® (w,)
loswnail 1 | 12 4 0 2
losinadi 2 | 12 0 3 1
loswnaii 3 | 18 0 0 2
losinadi 4 | 18 0 0 1
Al uvesnisousinge (U1m) 486,000
Sruaufindnirduduiaguusazadn (x)
Tasunad 1 6 1 0 -
Insunadi 2 6 0 1 -
loswai 3 | 9 0 0 -
laswaiia |9 0 0 -
uHuKansal | 30 1 1 -
FUNUNMIHEATI (FUduum) 0.30
SnnuionauSTuLsazile Yy

Tasunad 1 19 7 140 | -
losinadi 2 | 19 8 69 -
losinadi 3 | 16 0 70 -
losinadi 4 | 16 0 0 -
wnudadese -

; 70 15 279

4

SuyunsTenaunus (Fuduum) | 5.05

nuee * Suneufududuiidudunanlunszuiunis
nantadudusagulu 1 un1sudn wle Dsy = 2 Dsy = 4 waz
DS_;r =3

anuadnsveslusunsuasudie il
LNUNSHANSILLAYSIUILTAReE o SATUNALMUA MU
wiaglasuna lnefduyusalunisdamiaduiidign
Juiu 5.36 siuduumsied Usgnaumesuyunisude
Hudu 0.3 Wuduum alddnenisevendedleinig

Wasuydadrduinaaluwsazlnsunadusy 486,000

v a

U Ald318n158 g uannnteuentduiu 5.05

] @ °

fuauum warlifindununisouainfuasads dmsu

P~ o

Famauiaduliduluaurdwe fo Yadutleaiu

15alA30-19 9113 100 Jundared Tagudesiulsa

o

Iininlvngialn 4 anesug 9uiu 16 Jundnsed was

v s o

Tegudasiulsalininlugviln 3 areug 91uu 280
sundnsel neTununsaandnuinduivenzeay Ae
30, 1 upe 1 JunAnded MUy wadesdoiaduain
AeuanNIIWIU 70, 15 Uay 279 Jusiel audiu
wuudaeananaaluasenmeldsununisnds
warTeiitetatunaunuiingg Tnewuindlefuyuns
nanvesindulosiulsalininlugyin 4 aeiuganas
910 11,556,878 uav Luidu 7,265,578 uav %39

4,291,300 U7 (62.87%) 3¢V IALNUNITHNA LAY

' v
a v ISR |

TR eI tATunaLnulsnaansMUa suLUaaly

o

o

U dununisuanveataduninandudutaded

q

(3

v = =

aendanslunslawuudnasedl

MNo

o A
AN

5. @3Unan13ie

1NNSIFLUUIIaDIAtinA1@nsN1IUTLATY
wedwudulunsuddamnisdantadu ielid
Funumsiniunuiian melddesidadunineins
AIUNITHAR WU wuuTaesannsadiglunisindula
ATIUNUNISHANSIN LAABAARBINUNITITILNUNTS
vauazealiidulupuuinsgiunisndng i a
SR IN15919uNUT AT 8 TATUIINFATUTENANALNY
iielwanunsadeausuaniaduldnumddosielns
wa agnslsinny wui Jadeiiflanulineununisudn
wazn1suInFudazUsEian A AunuNIsHEAYes

o s

Tedulosiulsalininlugvis 4 anewug

q




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

L 9991NA5ANTLTUNITINIWHUNITHART

o

Masnsuantagtu Fedalidedninnimiumanisunan
I3

Tuewemazdinevilugaiiluneviniioveneddanis

NAR WaZUTEANSANNNNTHARNENALNUNITULUIATY

6. 1ONE15919D9

[1] K. Rezaie, S. Nazari-Shirkouhi and R. Ghodsi,
“Theory of constraints and particle swarm
optimization approaches for product mix
problem decision,” Australian Journal of Basic
and Applied Science., vol. 4, no. 12, pp. 6483-
6491, 2010.

[2] S. C. K Chu, “A mathematical programming
approach towards optimized master production
scheduling,” International Journal of Production
Economics., vol. 38, no. 2, pp. 269-279, 1995.

[3] S. Wattitham, T. Somboonwiwat and S.
Prombanpong, “Master production scheduling
for the production planning in the
pharmaceutical industry,” Industrial Engineering,
Management Science and Applications., vol.
349, pp. 267-276, 2015.

[4] R. Venkataraman and J. Nathan, “Master

production scheduling for a process industry

environment,”  International  Journal  of
Operations & Production Management., vol. 14,
no. 10, pp. 44-53, 1994.

[5] R. T. Mclvor and P. K. Humphreys, “A case-based
reasoning approach to the make or buy
decision,” Integrated Manufacturing Systems.,
vol. 11, no. 5, pp. 295-310, 2000.

6] S. Chaoleam, T. Somboonwiwat and S.

Prombanpong, “The Production Planning of

Pharmaceutical ~ Production  Under  Multi
Vriables,” in International Conference on
Industrial ~ Engineering  and  Engineering

Management, Thailand, 2013.

[7]B. P. Das, J. G. Rickard, N. Shah and S. Macchietto,
“An investigation on integration of aggregate
production master

planning, production

scheduling and  short-term  production
scheduling of batch process operations through
a common data model,” Computers & Chemical
Engineering., vol. 24, pp. 1625-1631, 2000.

8] M. Trost, T. Claus and F. Herrmann,
“Employment of Temporary Workers and Use of
Overtime to Achieve Volume Flexibility using
Master Production Scheduling: Monetary and
Social Implications,” in the 35" International
ECMS Conference on Modelling and Simulation,
Kuwait, 2021.

[9] E. T. Valencia, S. Moussavi, S. Lamouri, R. Pellerin,
and A. Moeuf, “An Optimization Approach for
MPS in a MTO Multiproduct Assembly Line
System,” in the 8" International Conference on
Industrial Engineering and Systems
Management, China, 2019.

[10] E. J. Blocher, D. E. Stout, P. E. Juras and S. Smith,
Cost Management: A Strategic Emphasis, 8" ed.,
New York: McGraw-Hill Education, 2019.

[11] J. S. Zuk, “Techniques for Effective Product
Costing in an IC Manufacturing Facility,” in
IEEE/SEMI International ~ Symposium — on
Semiconductor Manufacturing Science, United
State of America, 1990.

[12] X. Li, G. Hengfa and C. Siyuan, “Extension
intelligence for process manufacturing,” Journal

of Physics., vol. 1605, no. 1, pp. 12046, 2020.




Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

S & ¢ v oy v Yy a a
mimwmﬂuaﬂizmﬂLLazmm’NLLNuﬁlﬂLﬁum\ﬂuminismmﬂﬁti‘lﬂ%&l‘t]i%%ﬁmw

v

a v )
PWAAUVIUNTIIVUAINAT

L o A‘ * L A‘*
dsdand inulsadd’, Lwwudnd ygises” uag AuwuA Wugaanan

AnzIAINssHAERSuaznAluladanannssa wnInedeRalng a.diee 2.uAsUgH 73000

Received: 2 May 2022; Revised: 13 November 2022; Accepted: 14 November 2022

UNANELD

unanuidunmsineudieuiieunssuaumssewing 33 Center of gravity war 35 K-means clustering @4
flangildnaaeuduns maudnszasuaznisdadunamaudsiadutiostudolda Covid-19 Tiiduyuns
yudsdion Tagisuanmsdnwiisuifisuismsmeudnszansindu 2 sUwuy semine 38 Center of gravity uaz 35
K-means clustering vdsaniaunsdmdunisnsauds #1638 Genetic algorithm fngUsrasdiionszane Taduls
fidunusi Tnedauufguudosiuin Woszesmeuded sduferldduyulumsnssaeiadulios Samaainnns
Aips1eundIs Center of gravity fei Inendannniunszuaumsiums Clustering NITUIUNIMAUGNTEANGIY
38 Center of gravity KagAILUIUNITIUAITLUITIUIULEUNTINTINITIAGIAULEUNIAIUTT Genetic algorithm
wadilade fdnnuguinszaeiadu 6 qud Srurudumdunmsiiusadmivrudsindu 25 Wuns wasdszozms
591 8,250 Alaluns %'!qwamﬂmﬁmmzﬁ%’a;ﬂa‘lmﬁ% K-means clustering FarunsruunIsnvaieatuiu ns
715121190975 Center of gravity A® H1UNTEUIUATITIUNTT Clustering Uagn1AUEInTE18A 1875 K-means
clustering wagrUNTzUIUNSTUNSUUISIUIUE U INE s STRa T udun19ae3s Genetic aleorithm wadile
M sAnINUIEITIWINgUENTEEIATY 6 Aud Iuudunislunisidusadmiurudeiagu 26 1dunis &
S2EEN1993 7,501.5 Alawns avwiuliinfissesmenuiitesndt 33 Center of gravity §1 740 Alawwns wilesan
K-means clustering a¢iin13 Clustering lngagnilsiaesszogmeszninangudng Suviliflszarnsiidosnia

ﬁ@ yIfaenHaves K-means Clustering LUULLU?WW\ﬂUﬂ’]'ﬁ‘UHﬁQ’Jﬂ‘UN L‘L!EN‘\]’Wﬂll'ﬁuﬂuﬁ/l’]ﬁﬁlllﬂﬂ?'EGU‘L!aﬂ’Jﬂ‘U‘N‘Vl

)
ce f“ b

aa

UN3135 Center of gravity mmmwzmunumﬁ‘uuawmm’nsuuﬂu

o]

o [

AEAeY: N1IMIANENTEANY, MITAEUNNITVLES, N13TUNGN K-mean, TunauIdiugnssy, naudnaenIuens

v

* Corresponding author. E-mail: genroj_t@silprakorn.edu, boonrueng_k @silprakorn.edu, ploydanai_k @su.ac.th
L 01A39TIeNTsuenaImnIsuaEnIsIANTg AuylmnIsumans ininetdefaling
2 MAIYTIMNTTIRAAMNITUAENITIANTS ANLIAINTIUAENT unTine defauing
3 MAIYTIMNTIIRAAMINITUAENITIANTS ANLIANTIUAENT uvTine defauing



mailto:genroj_t@silprakorn.edu

Thai Journal of Operations Research: TJOR Vol 10 No 2 (July - December 2022)

Locating Distribution Centers and Planning Effective Routes for Vaccine

Distribution for Low Transportation Costs

Thirawat Genroj', Khasemsak Boonrueng? and Kanate Puntusavase
Faculty of engineering and industrial technology, Silpakorn University, Muang,

Nakhon Pathom 73000

Received: 2 May 2022; Revised: 13 November 2022; Accepted: 14 November 2022

Abstract

This paper is a comparative study of the process between the Center of gravity method and the K-
means clustering method. Finding distribution centers and routing of Covid-19 vaccines to have low
transportation costs, starting from the study of finding vaccine distribution centers into 2 models. Methods
of data analysis using the Center of Gravity and data analysis using K-means Clustering. After that, the
transportation route will use a genetic algorithm. The genetic algorithm aims to distribute vaccines cost-
effectively with the idea that when transport distances are short, transportation costs are reduced. It will
be analyzed and compared to finding a distribution center to be able to find shorter distances in transport,
which results from the analysis. Compare both methods. The method of data analysis uses the center of
gravity. There are 6 vaccine distribution centers and 25 routes for transporting vaccines with a total distance
of 8,250 kilometers. The data was analyzed using the K-means clustering method. There were 6 vaccine
distribution centers with 26 routes for transporting vaccines with a total distance of 7,501.5 kilometers. The
researcher, therefore, chose the effect of K-means Clustering as a guideline for vaccine transport because
it can provide a transport route with a shorter total distance for vaccine delivery than the Center of gravity
method.

Keywords: location for distribution, routing, K-means clustering, center of gravity, genetic algorithm
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A Prediction of Travel Time by Machine Learning Approaches with Mobile

Probe Data in Bangkok
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Abstract

Last mile delivery is one of main transportation processes that accounts for more than 75% of total
supply chain cost; however, the efficiency of such a process is relatively low, due largely to uncertainty in
travel times across the day. In order to improve this process, various machine-learning based approaches
are herein investigated for the development of more accurate travel time prediction models, using mobile
probe data, collected by ITic, as a case study. For ease of implementation, we have preselected the
information of taxis that currently provide services within the area of Bangkok (about 4.8 million records)
for the construction of travel time prediction models. K-fold cross validation is also adopted to help reduce
overfitting issues. Our results indicate that XGBoost is the most effective algorithm that provides the least
RMSE (166.3069), while spending only 14.51 seconds in the model construction phase. Nonetheless,
LightGBM and CatBoost seem to have good potentials for further studies as they provide relatively low

RMSEs and computational times, when compared to other machine-learning approaches.

Keywords: prediction, travel time, machine learning, mobile probe data
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Abstract

The Automated People Mover (APM) is popular transportation technology used within airports. It
operates in a similar way to a metro system, with operations managed by the Operation Control Center
(OCQ). However, APM has specific characteristics as it has rubber wheels with a central guided rail running
on a concrete surface. This allows for shorter braking distances compared with a typical rail track. In the
Suvarnabhumi airport expansion project, APM is used to transport passengers between the North Main
Terminal Building (NMTB) and satellite concourse 1 (SAT-1) on the airside. APM operations must be planned
in accordance with the predicted number of passengers in each period under the rail infrastructure to
achieve maximum efficiency. This research applies simulation modelling to the APM operations with
Communications-Based Train Control (CBTC) to analyze and evaluate the service capability within
Suvarnabhumi airport. The system consists of two loops. The results of the simulation show that the
minimum possible headway on each loop is often limited by the bottleneck at the entry-exit of each
station. During off-peak times, trains can operate at a headway of 400-450 seconds with a dwell time of 70-
95 seconds and 1 train is enough. During peak times, trains can operate at a headway of 200-212 seconds
with a dwell time of 70-90 seconds. At these times, 2 trains are required for services. Both periods can be
operated on a single loop. However, during surged peak times there are more passengers. APM operations
on a single loop cannot handle the increased passenger numbers. Therefore, the determination of headway
is 250 seconds on both loops by allowing trains to be released alternately with a dwell time of 84-125
seconds. In this period, 4 trains are required for services. Simulation modelling can modify parameters
quickly to show the different effects in the system with the limited rail infrastructure. It can show potential

operating problems.

Keywords: automated people mover, timetable, simulation, airport transit, passengers
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