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Development and Improvement of Optimal Solution Finding Efficiency
Using the Grey Wolf Optimization: In Case Study
of Waste Collection Route Planning

Supaporn Kamtaeja', Nakorn Chaiwongsakda®, Sasicha Sukkay’, Thanapon Saengsuwan®

and Seksan Winyangkul**

_

From the problem of inefficient waste collection routing operations due to starting
from the farthest points, leading to Increased total travel distance and fuel consumption.
This research aims to develop and enhance the solution-finding efficiency of the Grey Wolf
Optimizer (GWO) for waste collection vehicle routing, formulated as a Capacitated Vehicle
Routing Problem (CVRP). The study employs waste collection data from three case study
villages: Ban Pa Ha, Ban San Ton Kham, and Ban Daowadueng, comprising 52 nodes. The
proposed improved GWO the two-group GWO (GWO2) and the three-group GWO (GWO3), are
compared against the conventional routing method, the original GWO, Differential Evolution
Optimization (DEO), and Particle Swarm Optimization (PSO). The experiments were conducted
using the same number of waste collection rounds, set at four. The results showed that the
traditional method produced a total distance of 72,200 m., while DEO and PSO yielded
average distances of 62,970 and 62,550 m., respectively. The original GWO reduced the distance
to0 61,150 m., GWO2 further reduced it to 60,250 m., and GWO3 achieved the shortest distance
of 58,350 m. or 19.183% compared to the traditional method. Moreover, GWO3 yielded the
lowest standard deviation, indicating high consistency and stability in its results. Based on the
findings, GWO3 demonstrates the fastest and most efficient convergence among all compared

algorithms. Therefore, it is highly suitable for application in waste collection route planning.

Keywords: Meta-Heuristic, Development and improvement, Grey Wolf Optimizer (GWO),
Vehicle routing problem, Waste collection route planning
Type of Article: Research Article

* Corresponding author

" Lecturer of Faculty of Industrial Technology, Chiang Rai Rajabhat University,
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A1SIANITVELAUNIG NANNIE wag Uanenig
198n159AN15VEE LWUNISTANITVELAANNG
wutlymédgieniv Ussansmamsiiulaens
JadumaAusaiivregfiendennudiung uay
a a [ @ ] v
sunuvrasgadilnaiianlunisdaiu danals
WnANauUaeIAldIe n1siuUSEENS AN
NIRLEUNeAIEIENIIIANINEaNTgn Lagld
AUANBITARNE @1U150YIYAATLEENINVUES
papnILanLaiuwarAIgle Inewnyaened
lunsdanisveenanamedadldymiuniian @9
MsdadumsAusaivveslae s ssaind
1AL ANUUTEENTAINAITINSVE LV
) o aa A a v laa
Janiadeaste laedsn1snteulawnisnns
KavianUndin (Mirjalili et al., 2014) Wundidly
FanosAunnauwiaueg1asing Inelasuwse
JumanfanssunsawesrainUdnindnag
andvegdungu Sane3fin GWO l¥nseuiunis
a U U I al 1 a
WernuiuganinUrd@nilunisan laefiansan
anuaNud Ay lunguueslavinUid@ing lng
au1Anveangy GWO gninuunseniludUssiam
ANUYNAVDIATLNU DIV ENY Ty
ASEUIUAITAT WA, WA, Was, kaglatuni
\udszau lneweanluiinfiigalunisar GWO
1 a = a a o a a
L aunfiuszansamlunisdrsadigiives
AmaU (Solution space) p81eUTEANTAN LA
o a a a A A A a a
gafiuseansnnlunisindsuiiegesluss@nsan
FEWININTEUIUNTAUMIALE Lazausaunly
wAlgmaumadmnssulaviatgau wu 15119
AUANIINI9IU (Komaki & Kayvanfar, 2015)
A9 ULEUN19VUES (Jayabarathi et al.,
2016) NsAuANNSLENEs Jayakumar et al,,
2016) warn13UTuU§9IEN1s GWO Liveluideym
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nsansEEENIeluNISULEs (Muangkote et al.,
2014; Shaheen et al., 2018) 53UAINITINILEY
N15WaR (Song et al,, 2015) waglaiin1swaun
GWO uraulanansau (Kumar et al.,, 2021)
LUASHAILISNTUUUNELRETY (Hybrid GWO
Algorithm) dusutlgymnsdaLduniseIuniiug
wuuidednfinAi1ug (CVRP) Tasnisuaiunaln
nsfumluiiuiilndifies feensaanszerms
il 129 iileifleufiuds PSO Tafanisusuuss
wuuluun3 (Modified binary GWO) (Chen &
Wang, 2020) dwsunisdaduniafivaey A
N13UFuUTaunIsNIsemandtunle denali
andunudoundsldds 18% dmduiiyminig
FaLduNIUUaIegnIen (Multi-depot VRP)
(Zhang et al., 2019) lngnsuszyndld GWO
wuuManganIue (Multi-phase GWO) AUNTSIUES
ey iEnnsetind vanunsnansIuILe UL
Al 15% WofisuiuiBmsiugnssy swds
nsAnwndunaivvessleiAanie Improved
GWO (lbrahim et al,, 2022) finaunaus iy
Tabu Search WUI@NIAAALANAUNIITINLA
22% Bsnsinmnagalag (Li & Zhao, 2023)
IesamnsiFeusiasuuss (Reinforcement learning)
WU GWO d1usul ynin1sdntdunigunuu
wa¥m (Dynamic VRP) fianunsaudusfiuanin
n1535193uUTvalndlaeg1sdusz@nsain
anszozneTnld 14% luannefiudsuulas
Tunsuszend GWO Ty dmsunsdndums
FrganduunIsandunula 20% sudenisld
Aullgmnisdaduniserunivugliia (Gupta
& Sharma, 2022) TagANEenenISUS NANAI9IY
daaliannisuasuasuoulang 25% wazns
\Fonandnuasiivanzanvos GWO ansnsauial
Ananmlunisundem (Hu et al,, 2020; Sopto
et al,, 2018) lngguuwuunisin GWO luldiu
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NIasufuRnsladafinduasdnnatsisu

Uy dgymndnauwie (GWO-TSP), Jeynins
IAFUNNEIUNINUE (GWO-VRP) (Diastivena
et al, 2021) Tunsfinw1duq 1938 GWO Lile
wAtgyy TSP way VRP (Boualem et al., 2022;
Huang et al., 2024) 33l¢UsU GWO wuuLin
Tneldifiidunisaduuasaduadu Smwaiilday
wldmsUszndld GWO-TSPVRP duanunsn
WAUEYNINITLAUNIVBINTNIUVIE 1azNITIA
dumsgnunue Jadunidutlym nsmen
fmnzauiitienududou neuisetomemui
AIIRAUIID GWO dufutgunin1sandunia
fuunlthnjslugnsnaunauiumaindue 1
nMsUFudgsonaiinaifiunieusudsuisnng
asmneu 3Bnsidonaundnlunisan e
ﬂizﬁm%mwiumsLLﬁﬁmmwﬁﬁﬂmm%’U%’auqq
Tnemegdgmiiieidestunisdanisuey uay
laFadind nsiaudnanldiieswnidisaniuny
warszevTy WAdEInInanKansTNUse
daundouldegnadivsyansan
INAITNUNIUITIUNTTULTAULA 21
favrmnis@nwanizniedmsutgwinisiiu
Yezianz uwazniswuinguiaiaUidmndu
2-3 nguiilelfinUszansamdsdalalafunis
AnwegraduszuuniufamaUisuiiousening
GWO wuungufiudaneifiudus (Wu DEO, PSO)
TuvSunmsdatduniafuaey ﬁqﬁ?uﬁ%’alﬁﬁw
@uaNTIAL LarUsuuselsednsainnism
ﬁwmauﬁmmzaaﬂ,mai'ﬁmisgwmﬂw?ﬂm dusu
st ninisiatduniafusalaeiivednnnues
USHaUNITUTINNUIIA LAgANTUIAINITUUS
nauEgaE (Subgroups) vestsvsNTndm il ns
wiandugosdiannsatasliinisdanisgam
A litiuseansnm waziBussuu ez e
Uszgnalilunmsdmdumsivngadlunisdafv
wagaiever vy inulwin vytuduiuuiy
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wanyUnunIfad Nntuarinailevosdunis
Lazd1uIuseu unUssuiisuiduniadudils
silumsegiufadmiUseuiieuiuls DEO way
PSO wlefiansandsuszansanlunmsmmney
Fmngaulumsdafivues

2. IgUILaIAYaINIIIY

1. Weyin1suiudgensmdineud
wingay dmiunistgninisdntdunisenu
WU

2. WiolfiuusgansaimnismAineud
winganlagIsnsEvsndd@ng InnswuIngy
KavianUndwmndu 2-3 ngu

3. WfioTasindunie uagdiuiuseu
guasinzadlunsdafvees

3. NFDULUIAANITINY
AsWmUIIB N IMIATILNzaNve I
U@ lnensuuingugsuhdmesnidu
2 war 3 ngu wazthunldiudaymnisdniduns
Wusa lagn19aszidunienisiiusalunig
Jarfvver Fefinnsudunsivesiign (m.)
MelavadninveslsuInsussnn (m3) uaina
AlgmihmsSeufieuussansnm fugUluusiy
Tunisiaumaiu Aamsfivamty Teud Gwoz,
GWO3 uagdinismadngs3aindsaue 1aun
GWO (WUULL), DEO waw PSO fawandlunmi 1
Tnena3delamaaudinuudymaindiuuy
WINTFINTIUIU 13 Fuy wuuinguasasdiied
Tneditym laun uly16, ulysses22, Dantzigd2,
Att48, eil51 berlin52, st70, rd100, Lin105,
bier127 waz ch130 (Reinelt, 1991) Tagld GWO
WUURY wazuuangy 2, 3, 4 uag 5 naulums
VAFoy HalaETlAveINsuLUINGY 3, 4 uay 5
fidwainae (F ) liusnsireiu usasiinavaanan
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aldlun1smaAmey (s/loops) Minsuueng
11NN 3 ngulzdinanaanlngIzilage
Falailuiidosnis (Winyangkul et al., 2025)
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v =2 o A

Aatunaidedaihnmsden nsudinguesniduy
2 uay 3 Nau

Bnsgavanthding: Gwo
MR uaguiulsauseansaam
GWO (original) tnen1suuanguilu 2 .
(original) : Inguszaed
uaz 3 naul

A 4

Algorithm GWO (Usuus9) $adia
- 2 ngu (GWO2)

- 3 Ny (GWO3)

Jayimnisdadunisenuwiviue: VRP

- nsdilymnsmanean
f = minimization (Na3INIEELN (M.)

-AuaINsalunIsusIYnUessa tu

Yiua audiugs (m?)

WNANSIATIZA
BinsiSeulisuyuszansainnisna
AMaure935n13 Tnefiansanainnasiy
srunne: InewSsuliiouiu 5 35

- GWO, GWO2, GWO3

- DEO, PSO

A 4

AN 1 NFBULUIAANITINE (Conceptual framework)

4. 2530UNTIUNNYIVD
Uggmnsdadunisenunivug (Vehicle
routing problem: VRP) (Dantzig & Ramser,

a _a 6"

1959) Wulgumsladanndlaoidulgminis

v a

Fnaulaidennadonifngalunisanaununis
IparukazidunansvudsduRlaungnanlyi
fiuszansnmanniigaiileneuaussanudiednts
wazAuianalavesgnat Jamn VRP Falesu
auauladuegrann

Jymnisdadumanusadudaminiu
nsvuds uarladafndguuuunis tileanduyy
VNIPNUNTUUEAS wazn1sanAldnelneuide
du Tvgflel435 VRP fignAuatiograunsvans
AsuiinteuluuazdodiAnsineg 19y ULUY
NSVUAS T1UIUA MWIULIUNINUE 8L
szoziarlunisvuds wazUsanaiivuds Taodl
fnquszasdlumsdadumanisidusalsiaag
wnzadian fail

1. aAFUIULIUNINUE YSoanAIMYITY
Fruunuasil (Fixed cost) MAnTulunsuuds
uiazaSsdwnd s uranasis iy
Aeslin1sandnuiundnaudusawasnilneu
uvezaslusig

2. aAITUEN WIvanTTuzIalunsg
PUTOOMINTTEEN UaTTEUEIAanNaIEII I
Ald9edunuuUsH (Variable cost) TAnaN
nMsvudeusaasiazanasiuse Wun Aty
\Woumdsinasugne 1wy tiuedes tituies
wazsiuusn Wud

31nn1sfinrsuieulanazdesnfin
A9 LUU 187 F2EENI TNUIUVDIETUNINUL
wazALUBIBIUNIIUE LTusY Usznausag
WIlzUUas (Vehicle) l@un19A15UUES (Routing)
AAUINANNTEIWAUAT (Depot) Uazanen
(Customer) Tnaigyi VRP @13n3auaninguy
$raomendneans wnmsglaadl

dlosviunle

| = grduvoaiload i Taeft | = 1,2,..n

J = §vuveade | Taedi J = 1,2,.n

V = waveudloshamuadiiansan e
V ={1,2,.,n}

s = duanlaq Adululdtomaveen
V:isCV laefis#0,5#V

15| Wudwuandnveaen S

FuUsfinsuan (Parameter)

C = segenaseninaied i luduilas
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NIasufuRnsladafinduasdnnatsisu
miuwdslunissindula (Decision variables)
1 Tunsdindimadunien i 1 j
X'J { aa
0 Tunsaidus
HarduingUszasa (Objective function)

N

Min = LG, (1)
AUN1370911N

Dl X=1 V.=(1,2,..,n) (2)
2l X=1 V=(1.2,..,n) (3)
Yies iesX, <5-1 V.oV @
X; €{0,13 V.=(12,.,n) (5)

flsiduinguszasdd (1) deanismudu
Mansiumaiisisregmesiuitduiia gn luns
Fune aunstesiind (2) wag (3) Avuali
winuveRuniasuynidie e @i
dheenusazdladldifiesnduien aunistesiing
(@) aunsUoauMsInLEUNIgEY aunSUdn
7 (5) Aon1stmuaiuusnisindula X, vJu
sauuuluuns Iiduldaesdn 0 uag 1

MTAATIEAUYMIINTILEUNIEUNIAUE
INwLLANAINNTIATIEALATIUBUTELAN
u LﬁaamﬂLﬂumsﬂumLaummmmuamam
Weadumaien Tnefinnsanliissozniedy
i W'%aiﬂi’fnmﬁaaﬁam MsuAdYnIA835nS
Fivinvan Wy 335 daudngdaing awnse
tanlglunisiasginidunianisvudaduan
auddunsdate Tnemiddaleulafiioates
91 szozvLaziIg) deefinuszansan
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TumnawauLEuaNITvLEs
wiallauSuusuindisaindaunsaldle
Tudgmeneg msuidayymlaeldisniseaunin
duuuuingUsgasaiien (Miralili et al.,, 2014)
fudunsuansdinoueonundniuingusyasd
ety wu nsdunefivangas
dmsunafusaiielildssognisiiduiian

o

wioduyuiesgauingn flsgean 1Judu

a s

nskntgimeanuladading dudrAguiniive

©

'
=

Tvifinaunm fuszAvs gty TnemsthdBnis
WA1E3aRndMiduitnismdineuiiiaiiy
Undedomunzdmsulduidaymnisnnaununis
HARLAYN1TInNTSladaand Tun1svAIRaUYes
oy MsmAfianzanivaiesaaldisnis
wiind3aRndtaduiidesnnniign laoagliidnns
FlavisnUnding fitunousil

\iefiaradruuudiaemendinanans
51%%‘141/1105@ﬂmmaaaqwuwﬂwﬁwa dlosanuuy
GWO Isazfinnsanmsuitymimnzandign 1o
Loy BAANgndwUaeswazande Ay
Wwadn mudRU Fauandluning 2 dufivideves
nsuitymasdoidulewi ludusewds Gwo
msandad (naiinUseansnm) WWuwwmalae
wuUET wean, lwen, wasazlowwni

uaﬂmﬁamﬂéwéﬁ’u%umqé’mmaq@q
v dwuds msamdeuvunguidudnnis
woinssumsdseuiivnanla Inetunounsauvie
Y991 ANI3UINATAAMIY Uaz
nsmie ntuarldey deuvie uay
Aemumiesuniunieszngaindeuln uag
ﬁwlﬂf;jmﬂﬁmﬁmﬁa (Mirjalili et al,, 2014) 1ng
fitupoused
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m \

A9 2 SrdutuvesgasnUaEm

fi1n: fauUasan Miralili et al. (2014)

1.m55’e)mvi§a(Encichngprey)‘Wi]@ﬂii:u - s s o

. P o - ., A=2a°r -a (8)
msaaumaasuaapﬂmeﬂwamﬂummmmmam
aunsarale fsaunsi (6) waz (7) C=2r, (9)
D = |C X () - Xy | (6) nUd@manunsauTulsesutsuedy
. ~ - ssoumieludunmisgula negldaunisi (6)
X(t+1): ><p (- A-D (7

) wag (7) fefuitelidnlaguuuuvesaumsnntu

o t Aesuuseunsientagiu X dumisvomnindin wazdumisindifesdi
afuswounte X Ao sumiwosnnthdn  FulUldsuanssinng 3 bie (xy) uag (X y ,2)
fosvarymeszninavbeuazmnUidn A uay ﬁaﬁqleiquuaquuq{hﬁmﬂuﬂ%gﬂﬁmsﬁuuq 2 1R

A
D
C Ao AduuszavisnnmosassnnalasEuns  uay 3 SRaudsy
i
2

8) way (9) lne? 2 Ap A1anaLTREUN

1%
o

10 luseumsvin 7,7, Ao Argulutae [0,1]

(
i)

-~ XX —

- Xk —

it 3 dundsiiluldlddmsunsdenmievemuntrd@mluuiad 2 ffuaz 3 T7
11: fauwdasan Miralili et al. (2014)
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NIasufuRnsladafinduasdnnatsisu

2. M3annbe (Hunting) nunthawmniinu
aunTaluMITTYMUMave b ey

[
[

aaumtanintuld tnelunisaunmazasa

v

azgnilaevuividmiueariuazluuienss
NUUNENUUALAZIAAA1D19 A IUTINAY
wazlun1sdrasanginssunisa undeves
HavanUdmmeadamans azauyAdimudn

a

dmuean (A1neUNANEn) LAY Lag LAas
Siumisvoundordueg1ef daluieviinis

Y
= o

GuiindAmaunangeaiudusuwsn wazlisiaunu
NsALBY (sudaandid@milewni) Jsuls

ANLIAUL VDIAUN LA AUV DIRILNUNITAUAN
AT FIEUTaAILIULAAIENN1SN (10) Ba (12)

q

L Raie i

Xern= (10)

3

/, \\
/ P \
/ ‘4 ai \ \
L
: |
\ \\ / h
‘\ Cs /’ 14
- /
\ -
Jd o
o -

S———
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Togil X,= Xq- A "Dy ,
%=X o
)?3— )?5 'TA\B.Bﬁ (11)
Dy | C%g X1,
Bg= |8, % %,
Ds= |CyXg-X | (12)

A7 4 uanan1UFUUTIAIUIY 984
FIUNUNTA UM AU 1A ILDaNT LUsn
wagtaasluIniinsaum 2 fRlagsmunies
wnthamlewiazedudmvie e‘z’iagﬂé'amau
FIURILNUUDINUNUIENT LoanT LUAT ey
AR

Move

A# 4 nsUSul w1 dm

fiun: FauUasann Mirjalili et al. (2014)

3. N1slanfLnge (Attacking prey) A9
AaAT198Y U Amaslaufwiaiiomte
a A v T °
neafouln uazivelvinUdwnluluuinaes
NANAFAIEAIARDUTINVNNTD 329INTANAN

989 a FansTUINSTRETIFANALUHILYS
Sulszans A anasiie namsndonilsie A Ao
Aduluga [-2a, 2al ilo 2 A ATlanaudady
970 2 89 0 Tuusazseunisvingn waziile A
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fanaglure [-1,1] dundssisluvesdununs
Aunanvazegdrunilailaseninedunis
el uazdiumisveavie

4. nMsdunnile (Search for prey) i
ANTAUNIMINAILNAUIVOI WoANT LUAT Lay
wadh Famndfuazueniu TWAummleudaazin
sufuiielaufivie luwuusaewnendamans
FaununsAumaresninanmbeidie A fie
11N 1 #39desnin -1 d@rulsznauves
dane3fiugenunvrdmnivaglunisdumie
nnmes C uile C Ao Arduszndng 0 fs 2
Fasnnalddauntsit (11) Tnedauusenouil
alibmdnfumdelasnisdu 61 C > 1 gl
dmdndumie wid C < 1 axldlddmindy
Wil Feaziinalunisiivun Aeviaeaunis
71 (9) 35ikagyilk SanesiumnundmingAnssu
LUUguLievAniAssdne U B LA
mmmmmﬁiﬁ’f‘i%ms@mmﬂﬁﬁmw dmsunis
LLf’fﬂ@W%NﬂﬁﬁﬂLﬁumﬁfulﬁmﬂmmmsamg
Tuprfililmunzaudaanied (Local optima)
waz GWO Shniluwiliiufiavdrsrafiuiidmouls
lin¥ame shliunsedsinoglugaitlaldmmney
fiffian 1ne3deilld Usuugstunaures GWO
Tnensuwusgsvunindmennidu 2-3 nauges
waenguagyimihfidsafiuiidumisaty i
AUaINTaTY (Diversity) 984015AURIAINDU
anlenanisiniiulu Local Optima wazifise
aunsalun1sd199

ASTUIUNTATUTURDUM ST TR S
nseavsndndn (GWO) dmisu VRP lagdnsiu
Funounsvhey BuanmsadieussrnsBudy
YoanuU1d@m Tasuaaznunvrd@miunulonia
Tun1sundeynn VRP Pntusmun RS
wingvanUrd@milagduununisinaiiuvesied
Tu VRP 9nduvhmsdssidiuilsifuingussasd
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Usziiuanunsauldauveuaaznundndng
(Solution) Tudsewins lunsdlved VRP Ay
wiouldeurasusday Solution azgnivualag
srovmaTLiiAusdmsuusasdunng andy
MN1sdnaduvanUd@ni dnaiaunuiUndng
AuAMUNToulduYeININYT N15TREIAY
dtmundidudutulassninautidm wu
ndnnean Lud was uaglewuin Tungy
tlavisndnding
Tunsusulssiuniseamudiming
Sqmgﬂmqa%‘mﬁﬁu%umsﬂ%’uﬂiﬂu%umauﬁ
39 MyUTulsmsnddamea nunddm
woavluny Solution Ainfignfinuaudsnoud
Uuugsiumideglddeyavemanirdmidai
warUSuUgaanUI@nua manUaamILual
unu Solution ARTgnTiaes UFuugsumislagld

v

FoyavesvnUndmiiud Fsnsuuusesmanin
dnnaruaglowm USulsehunidaglideya
o Urdmnanwazloluni nu1UEn
wantlazdsaiiuiives Solution find1swang
snnu Inensdsauasnsldlsslend aunans
d15ranaznsidusylenilagnsuumsiives
iy Sasmsdmauarnsliusslond deageae
TiSanesfudrmaiuilvdlurnsildusslond
910 Solution AFAmTusiule ﬁm%’ums??uqm
svunnsilunsauan Tuildduaunisving
g9an Jsmsidenwaues Solution MRTigalsan
n1iden Solution 7iATign (1Hum1a) Anuain
UszwnsansineveanunUnding iiefiansan
n1sUselinysedniam vesdanesfiulaeld
NATINVDITHHZINIANNA FIUIUTOU VBINTT
\Ausavesdneuiilalasdnszuaunisddu
Sﬁy’umaumiﬁﬂmuﬁuaﬁ%migwmﬂﬁwn dmiu

VRP wauandlunng 5
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o v
LIUAU

nsfuaUszYInsERduYeslaN I ENI Xi (i=1,2, .., n)

v

AMIMAUAAIAG a, A, waz C

!

mMsnAIANNmINgEN (fitness) YasuunUndmusazin

v

0 dad
Xa(ny 23) =)= wthdimiinge

P —

Xp(ny 2.2)=)= manthdmiifngasesasundinun 2

Xs(y 2,3)=)= vanihdimadngasesasangdiaui 3

Xo(1.5,5) = vathdmeagug
v
| WA (t < 51u’msaun'ﬁv°n'§'1qqijﬁ (m I
v
wnthEmudazaaingg sUendmunisesnshumidagiu
v
| Yin1sUTUUTeAn a, A, uaz C |
v

o : ] &
| AMUIUAIANUNUNEEN (fitness) VaININUIENININUA |

v

AITUNTIUIUTBUNSNGT dandu

TudiansAraaumanzay (fitness)

& &
ﬁuﬁ'ﬂ'ﬂuﬂa‘u
AW 5 NsEUIUNTAIRUTURBUNTIOTesIsNsiin A luduneusiig 9

TunsusuusatumeuvesanUnding - dmundswesmndidmlagdwmidlasaiedadu
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Warehouse Layout Design Using FSN Analysis and Linear Programming
to Enhance Warehouse Operation Efficiency: A Case Study of Aluminum
Frying Pan Manufacturing

Waratta Authayarat’, Kanokkarn PuankKhamtue®, Urawadee Intaked” and Bancha Ariyajunya®™

_

This research aimed to design a warehouse layout to improve the warehouse
management of an aluminum cookware manufacturing factory. The study applied the Fast-,
Slow-, and Non-moving (FSN) Analysis technique to classify raw materials according to their
usage frequency and developed three alternative warehouse layouts: a crosswise layout,
a lengthwise layout, and a fishbone layout. Mathematical models were then developed
and solved using Microsoft Excel Solver to determine the optimal locations of raw materials
within each warehouse layout. The most suitable layout was selected based on the average
warehouse performance improvement, evaluated using the percentage improvement in total
travel distance, storage area, space utilization, and pallet capacity. The results showed that
the fishbone layout provided the shortest total travel distance but reduced storage efficiency.
Therefore, the crosswise warehouse layout was the most suitable layout for the case study
warehouse because it achieved the highest average warehouse performance improvement
across all performance indicators, with an overall improvement of 24.12%. In addition,
it reduced the total material handling distance by 10.32%, increased the storage area by 25.38%,
increased pallet capacity by 32.70%, and improved space utilization by 28.10%.

Keywords: Warehouse layout, FSN analysis, Linear programming, Fishbone aisle,
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2. Yeyansiiningingdu

Az dglaviNIsTIuTIdayaduIuNIs
Wndedngiuseninuneuiiuing 89 dmnau
WA, 2566 Hamua 20 Yszan uazldiFesdid
Sruuseunsidndteainunlulies dewuings
finadndneunniiaauiiu 154 ads utaufn uas
#dy fimadndrsmnnifudduiaeaza ua
vowunudinmadninetesfigaintu 2 ads uans
Fan3nait 2

3. MylaseideyanguingAuniuven
FSN Analysis

dlofiansundoyanuiazauvesnis
WAuna (Cumulative Frequency of Trips) Aens

Nsusesaswiuseumsiindteingiuaza

1%
U Va v =

MNUA 20 Usgtan AMERIEY
F ~ Sogay 70-75,
S ~ Spay 15-20, N ~ Sagay 5-10 Ve ia

Wihnsdangu

¢

PAUNIUNAN FSN feLneu

Vol. 12 No. 2 May - August 2026

Y a

nquingAunisyudeuss (Fast moving: F)

q q

= U a

I 7 Yszaningiu Usznaudie g9 ulaifia
fdu sy v Wawd wazdwwedn Aduiuseu
nsidnazan Andudosas 73.38 nquingiud
finsvyudsut (Slow moving: S) & 7 Usswam
TRy Usenaunie Naed WNUAITeY 50901
yAdn wnuses i warafiofswauseunsidn
avanAnludosar 20.67 waznguingiuilifinng
gy (Non moving: N) # 6 Ussuaningiu
Usznaude ey adu fdeannige ahnunesuay
vomou Tdwuseumsilnazay Anduiosay
5.95 kaAINITWUINGUINgRAUANNITUYUTEY
Tupoduvanyiensiedl 2 ilefiansandiuiy
waviadsfidnesnselfiounungyingauwuin
nquAuAIdewsY () f519u 113 wian
nauAuMATinsvsisuth (5) fidiuau 39 waw
waznguaulaisinsvudeu (N) S5 10

UM Tl wazAeg, 2565; Kumar et al., 2017)  waw

Inanisudsnguingivesnidu 3 Uszam fie

A59dl 2 nsdanquingAumunan FSN

UAU | Usuam IUIUTOY IUIUTOY SewazdruiusTey N1IANEY
msdnine (ad) | msdnazau nsinavau

1 |qe 154 154 20.81 F
2 | ulnaiin 111 265 35.81 F
3| W 77 342 46.22 F
4 | 69 411 55.54 F
5 |v 55 466 62.97 F
6 | Wawem 44 510 68.92 F
7 | dwweda 33 543 73.38 F
8 | naay 30 573 77.43 S
9 | WNUFITDY 26 599 80.95 S
10 | 999 24 623 84.19 S
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20 | voduny 2 740 100.00 N
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A) Fishbone

. ¥ . . Sruruturedudi (ya)
vilan Wudidafiu (m?) | d1udu (wnan) . -
wunlvg) YWIALAN
nauUTuUse 2,344.90 846
UV 2,940.08 1,128 92 3
U 2,608.65 1,000 62 32
Fishbone 2,815.88 1,080 80 15
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Solver Parametess
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Saf Objedive

X e D Mg ) e O
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Sulyect 10 the Corsirams
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Lol Save
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Close

AT 5 AR9819N1TRHIANRILUUANINFARSYBINTUAN®Y A8 Excel Solver

5. NAN15IY

defualaenisld solver 1dwadnd
nsgeusunguingiuidigiunisvesteniy
Sngiiu uwdnhmadndunimusdidunguainud
vosingvasluuuisndsdudie 3 wou léun
AIUURMULLITIN FILUUAIALIETT Was iUy
Fishbone 91nwadwsuansliiiuil Aandsdua
pawrsliiuiiinn 50 dee wadudes
dmiuingauuseinm F 31u3u 35 909 vesdmiu

e

o)

AAUUTEIAN S 91U 12 P09 wagtesdmiu
mRAuUTEIAN N 913U 3 Yo9 AN i 6 Tuvaue

e
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NIPSIAUAINULUIYNILEE Fishbone HUa311in

=b.

1% % va vxqgud
ManulasasavesnasduAdldnunamue
49 ¥3 uvndugesdmsuingavuseiam F i

[ a

34 994 Y mIUINgAUUTEIAN S 911U 12 89
wazesdmIvIngAuUTELAN N 97UU 3 Y89
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AanIi 6 Wenarsantoyanslanui wagviae
HARNSUDITLEEN T INNFUNARNVDINIARITUAT

v
g

N

3 LUU MAURIANULEIVINNETEHEN195IUT

a

duiaawiniu 38,800.15 Lums (m) HIRILLLIET7
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'
a
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M3 4 ATUNEANENNTIATIEINANITLEALIBST (Solver) VoIRIARIAUATI 3 WUy

s o néuauﬁ" S8 o
YUARS 59 sygzmeisuiiga (m)
F S N
AUV 35 12 3 50 38,800.15
AU 34 12 3 49 40,634.76
Fishbone 34 12 3 49 38,106.10
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W3 LUU YNUIIRIRNNLRTNG S5EeEnng
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Tduselonivingu 3,515.09 anuieiwns Ay
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WINAU 1,128 WLan Anduiiuiutesay 32.70
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vineflgadsuuy Fishbone fiszognig
nMsindouiivesnguingiiusaintu 38,106.10
wAs NufinsSaiuwihiy 2,815.88 ANUIALINS
Aatduliududovas 20.08 wazifuiinig
Tguselovidivindu 3,390.89 gnuiariiuns fn
Juiintudovay 23.58 uardaunsaanian
IFwiniu 1,080 wtan Aedudiiudutesas 27.05
annsnagUneasdendeyaiun fmsedi 5

6. d3UNAN1TILUAZRAUTIENA
n1seenuuUfIAdIdud iiiotfin
Usz@nSnmnisdnnisaasdunt nIdlAnw1ves
lsanundnnsgnzezaiiillon lnoudledgynn
FHamdadudnlimngay Sasnvesymie Jem
nsUzUu Jggminisdousiv wazUeyninisnng
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IngAuiRuufidmun Tdiuumisnisuiulge
unlvsnueslgm Ain Mslamrann1s FSN Analysis
warnseanuuuiindsdudnlug ieusudeu
drunusnsdaivingauniuniiuinigndn
THmneauunty wasdnisifuduansdudn
WerinUiuiunisinAuingiv wdeannd
lovhnsuusngualiaingausnuman FSN Analysis
Ifimseonuuuiindedudilvadii 3 wuu e
RO UUATULUITIN RILUUAILLUIENT baY
Fawuu Fishbone et sndadudig 3 wuu
11UTEUIANANIAIADUAIIAILUUAEAAIEAT
Ugun1sdndanasduainsaldnel 1ay Solver
szAumFwlsIdaiivvesTngAuiimanza
filszoznianisindouivesnauingiusam
ﬁgwmﬁé’?uﬁqm

LY

A1519% 5 agudeyadsndaduaia 3 wuuiSeuiieuiuistagiu

sULUURS sgogvesan | wuiidaidu | duilldusslend | dwou Jewazns
ASIAUAT (m) (m?) (m?) (wnan) | Usuusdlagiads
felaqiu 43,260.41 2,344.90 2,743.83 846 -
ANULWITIN 38,800.15 2,940.08 3,515.09 1,128
USuuss Gewar) 10.32 25.38 28.10 32.70 24.12
ALY 40,634.76 2,608.65 3,183.66 1,000
USuugs (Gewae) 6.08 11.24 16.03 17.64 12.75
Fishbone 38,106.10 2,815.88 3,390.89 1,080
USuuse (Sewar) 11.92 20.08 23.58 27.05 20.66
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AN 7 unuIisnsvesTerarn1sUTUUTIre AR EUA ML UY

naiSeuiisudoyasadsaudniii 3 wuy
Fannsnsi 5 Taefinnsanannsyernienisiadoud
voenguingAvn Muiinisdaifu fudinnsld
Usglowl uaganuaninsalunssesiuvesdnuiu
wnanwudn faedsdudifiviaueianuuuy
fsvgnanaindouiiveanguingivsiudundy
Fellagduegsywinederas 6.08 - 11.92 109970
MsAmuafLnUsInNeTngAuveslietaqgdu
Lilgddsfsanuilunadniie wie anud
lunsvyuileuvesingdu dennnesiunuidy
YOURRYY YATHY Uavan1-In again (2566)
waz WD 3Nyl uazyu-na duefingna
(2556) Tagfafifiszoznianisindeuiiveangs

(% a

fngRusiurianuniidufigafio fuuy Fishbone
fiszazymaniniu 38,106.10 A3 1esannuuy
Fishbone fY8an1an15vuagingauiuInies
flarusat i eaiAuingivleog 198
UszansamiileiIouiiisududanuunuien
WAZWUULUITIN dBnAdsiuIuideveas Pohl

et al,, 2011 way Dukic & Opetuk, 2012

TurmsifiuuuaiuuurvI19aziinui
mﬁmﬁumnﬁqmwﬁﬁ'w 2,940.08 H1519LUHT
viaaiududesas 25.38 fiNuiinislduselov
wnflganiiy 3,515.09 msrsunsvideifindy
Jowuay 28.10 WaraIN150TRISUTIUIUNILAN
gagauiify 1,128 wuanvideriisdudosay 32.70
Sofleuruifandedumiagiu

dlofinsanlnesiudanng 7 uansdeuas
n3UFuUgsvesandsdudisauuuy dms
T5eunsadnwInuInfwuuauLIvIady
Feniiuiinisdaiu fuiinnsldusslevy uay
mmsmm%’uwquqﬁqm Tuwazfianunsoan
srggnnsvuneveingaulaliuaneiein
RALUU Fishbone WagRILUUAILLLITINE
NadWSNSUTUUTUsEAvBnmadsdudlagiade
MndinTe figeiianAndusesas 24.12

yenanisedesiianiadulasadng
1599°UN AN IR ULUULLIYINE @11190
fifuildusslovdlauinnindawwien was
%1 Fishbone Fewildiifuiidniv uwazsuiy
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The influence of reverse logistics and product value recovery

on sustainable industries through circular economy practices

Songtham Charoenchan'*, Mohd Rizaimy Shaharudin® and Gritsada Sua-iam’

_

This research aimed to: 1) investigate the operational levels of reverse logistics,
used-product value recovery, circular economy practices, and sustainable industry in
Thailand’s food manufacturing industry; and 2) examine the validity and reliability of the study
constructs. This study employed a quantitative research approach. Data were collected from
400 personnel working in the food and beverage manufacturing industry in Thailand. The data
were analyzed using descriptive statistics and Confirmatory Factor Analysis (CFA). The results
revealed that: 1) the operational levels of reverse logistics, used-product value recovery,
circular economy practices, and sustainable industry in Thailand’s food manufacturing
industry were at a high level in all aspects. This indicates that food manufacturers place
importance on resource management, waste reduction, and the continuous implementation
of sustainable operational practices. 2) The first-order Confirmatory Factor Analysis (CFA) model
of the study constructs was consistent with the empirical data after model modification.
By correlating 10 pairs of error terms, all goodness-of-fit indices satisfied the recommended
evaluation criteria and were within acceptable levels. Therefore, food manufacturers should
integrate reverse logistics, used-product value recovery, and circular economy practices
into their operational processes to improve resource utilization, reduce waste, and support

sustainable industrial development.
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1. Introduction

Reverse logistics has been recognized
as a critical mechanism for supporting circular
resource flows within industrial systems.
Through activities such as product collection,
inspection, sorting, acquisition, and reverse
transportation, organizations can recover
valuable materials and products that would
otherwise become waste. Effective reverse
logistics practices not only reduce environ-
mental burdens but also improve operational
efficiency and resource utilization (Frei et al,,
2020; Berlin et al,, 2022). In addition, used-
product value recovery has emerged as an
important strategy for extending product
life cycles and maximizing resource value.
Practices such as reuse, remanufacturing,
and recycling enable organizations to recover
economic value from used products while
reducing the consumption of virgin materials
and minimizing waste generation. These
activities contribute to both resource
conservation and cost reduction, thereby
supporting long-term sustainability objectives
(Viajic et al., 2018; Xavier et al., 2023). Circular
economy practices provide organizations
with a practical approach to improving the
efficiency of resource utilization by extending
the value of products and materials
throughout their life cycles. Rather than
focusing solely on waste management, these
practices encourage the recovery, reuse, and
regeneration of resources as part of routine
business operations. Such an approach enables

organizations to reduce environmental

U 12 atiufl 2 ngunneu - Asvnau 2569

impacts while simultaneously strengthening
operational efficiency and long-term
competitiveness (Carissimi et al., 2023;
Mora-Contreras et al., 2023).

From a sustainability perspective,
industrial development is no longer evaluated
solely on economic outcomes. Sustainable
industry requires a balanced consideration
of economic sustainability, environmental
sustainability, and social sustainability.
Organizations that successfully integrate
circular resource management into their
operations are more likely to achieve long-term
competitiveness while simultaneously
reducing environmental impacts and creating
value for society (Dossou et al., 2022; Duarte
et al., 2023). Although previous studies
have extensively discussed reverse logistics,
used-product value recovery, circular
economy practices, and sustainable industry,
limited empirical evidence is available
regarding their operational implementation
within Thailand’s food manufacturing industry.
In addition, studies examining the construct
validity and reliability of these concepts in
the Thai industrial context remain scarce.
Therefore, this study focuses on investigating
the operational levels of the study variables
and validating the measurement model to
provide reliable evidence for future research
and industrial applications.

Previous studies have largely examined
these concepts independently, resulting in
insufficient understanding of how reverse

logistics and value recovery activities
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contribute to circular economy implementation
and ultimately support sustainable industry
development. Therefore, further investigation
is needed to provide empirical evidence and
practical guidance for food manufacturers
seeking to improve sustainability performance
through circular operational practices.
Therefore, this study contributes to the
literature by providing empirical evidence on
the operational implementation of reverse
logistics, used-product value recovery, circular
economy practices, and sustainable industry
in Thailand’s food manufacturing industry. In
addition, the study validates the measurement
model through Confirmatory Factor Analysis
(CFA), providing a reliable foundation for
future empirical research and practical

applications.

Reverse

Vol. 12 No. 2 May - August 2026

2. Research objectives

1. To investigate the operational levels
of reverse logistics, used-product value
recovery, circular economy practices, and
sustainable industry in Thailand’s food
manufacturing industry.

2. To examine the validity and reliability

of the study constructs.

3. Conceptual framework

The conceptual framework was
synthesized from the theoretical and empirical
contributions of Frei et al. (2020), Fernando
et al. (2021), Xavier et al. (2023), and Zhou et
al. (2023), which provided the foundation for
examining the relationships among reverse
logistics, used-product value recovery, circular

economy practices, and sustainable industry.

logistics
- \
Circular
Sustainable
economy , =
practices industry
(CEP) (8D
Used-product

value recovery
(VR)

Figure 1 Conceptual framework
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4. Literature review
4.1 Reverse logistics

Reverse logistics (RL) refers to the
process of managing the reverse flow of
products, materials, packaging, and waste
from consumers or downstream supply chain
destinations back into business operations for
inspection, reuse, recycling, remanufacturing,
or appropriate disposal. This concept has
become increasingly important in the food
industry, where production, transportation,
consumption, and packaging activities generate
substantial amounts of waste. Without a
well-defined reverse logistics system, valuable
resources may be discarded without being
recovered or reused. From a circular economy
perspective, reverse logistics is not merely
a product return activity but a strategic
mechanism for closing resource loops within
the supply chain. It facilitates the reintegration
of used materials and products into
value-creating processes, thereby extending
resource utilization and reducing
environmental impacts. Fernando et al.
(2021) explained that reverse logistics plays
a critical role in supporting circular economy
implementation by recovering resources and
minimizing environmental burdens. Similarly,
Richndk and Gubova (2021) emphasized
that green logistics and reverse logistics are
important operational tools for organizations
seeking to achieve sustainable development
objectives. Within the context of Thailand’s
food industry, reverse logistics can be

categorized into four major activities:
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used-product collection, inspection and
sorting, reverse transportation, and used-
product acquisition planning. These activities
enable organizations to systematically recover
raw materials, packaging materials, and
certain types of waste for further utilization.
These activities enable organizations to
systematically recover raw materials,
packaging materials, and production
residues for further utilization, thereby
improving resource efficiency and reducing
waste generation. Therefore, in this study,
reverse logistics refers to the systematic
management of products, materials, and
waste through reverse-flow activities that
facilitate resource recovery, waste reduction,
and efficient resource utilization, thereby
supporting circular economy practices within
Thailand's food industry.

Therefore, in this study, reverse
logistics refers to the systematic management
of products, materials, and waste through
reverse-flow activities that facilitate resource
recovery, waste reduction, and efficient
resource utilization, thereby supporting
circular economy practices within Thailand’s
food industry.

4.2 Used-Product value recovery

Used-Product Value Recovery (VR) is
a key component of the circular economy
that aims to preserve the value and utility of
products, materials, and resources after use
by returning them to the economic system
rather than disposing of them as waste.

This concept emphasizes efficient resource
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utilization, reduction of virgin material
consumption, and extension of product life
cycles, thereby generating economic,
environmental, and social benefits (Xavier
etal., 2023). Value recovery plays an important
role in sustainable industrial development
because it helps reduce raw material costs,
minimize production waste, and improve
organizational resource efficiency (Sellitto &
Almeida, 2019). Furthermore, it supports the
effective management of end-of-life products
by maximizing their remaining value instead
of relying on conventional disposal methods
such as landfilling or incineration (Dwivedi
et al,, 2022). As a result, organizations can
generate additional value from existing
resources while simultaneously reducing
environmental impacts and greenhouse gas
emissions. In the context of the food industry,
used-product value recovery can be
implemented through three major approaches:
reuse, remanufacturing, and recycling. Reuse
refers to the repeated use of products or
materials for the same or similar purposes,
thereby reducing the consumption of new
resources and minimizing waste generation.
Remanufacturing involves repairing,
refurbishing, or replacing components of used
products to restore their functionality and
quality to a condition comparable to that of
new products. This process extends product
life cycles and reduces dependence on virgin
raw materials (Vlajic et al., 2018; Xavier et al,,
2023). Recycling, on the other hand, refers

to the process of converting used materials

Vol. 12 No. 2 May - August 2026

or products into secondary raw materials for
further production. Recycling helps reduce
the consumption of natural resources, lower
energy usage, and shorten production cycles.
It also supports the creation of new products
for secondary markets or alternative
applications, thereby contributing to resource
conservation and environmental sustainability
(Sangwan, 2017; Cao et al., 2023). Therefore,
used-product value recovery serves as
a critical mechanism that enables organiza-
tions to generate additional value from existing
resources while reducing waste and
environmental impacts. It represents
a fundamental element of circular economy
implementation and provides an important
pathway for advancing sustainability within
Thailand’s food industry.
4.3 Sustainable industry

Sustainable Industry (SI) refers to an
industrial development approach that seeks
to achieve a balance among economic
growth, environmental conservation, and so-
cial responsibility. This approach emphasizes
efficient resource utilization, the reduction
of negative impacts arising from production
activities, and the improvement of quality of
life for stakeholders throughout the supply
chain (Dossou et al., 2022; Duarte et al., 2023).

In the context of the food industry,
sustainability extends beyond financial perfor-
mance and profitability. It also encompasses
the effective management of resources, raw
materials, energy, and waste throughout the

product life cycle. Guided by circular economy
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principles, sustainable industrial development
focuses on minimizing resource losses,
maximizing value recovery, and extending the
utilization of existing resources. Such practices
contribute to greater resource efficiency
and long-term environmental protection
(Leppénen et al., 2020).

Sustainable industry can be evaluated
through three major dimensions: economic
sustainability, environmental sustainability,
and social sustainability. Economic
sustainability refers to an organization's ability
to generate business growth and financial
returns while utilizing resources and energy
efficiently within environmental and resource
constraints (Wang & lJia, 2022). Sustainable
growth is not solely concerned with maximiz-
ing profits; rather, it emphasizes maintaining
an appropriate balance among economic,
social, and environmental systems (Nenavath
& Mishra, 2023). Environmental sustainability
involves industrial practices that reduce
resource consumption, minimize pollution
emissions, and decrease waste generation
throughout production processes. It focuses
on preserving the quality of natural resources,
energy, water, air, and ecosystems to support
long-term development (Mustafaoslu et al,,
2023). This perspective is closely aligned with
circular economy principles, which emphasize
resource efficiency and the recovery of value
from waste materials. Social sustainability
refers to business operations that prioritize
the quality of life, safety, health, and well-

being of employees, communities, and
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consumers. Organizations are expected to
implement management systems that
minimize pollution-related impacts and reduce
risks associated with industrial activities
(Gil-Garcia et al., 2023). Furthermore, social
sustainability is consistent with the Sustainable
Development Goals (SDGs), particularly those
related to decent work, improved quality of
life, technological advancement, and inclusive
social development (Duarte et al., 2023).
Therefore, sustainable industry represents the
outcome of balanced management across
resources, production processes, and
stakeholder interests in economic,
environmental, and social dimensions. Such
an approach enables organizations to maintain
long-term competitiveness while continuously
contributing to environmental stewardship

and social well-being.

5. Methodology
5.1 Research method

This research adopted a quantitative
research design. Data were gathered using
questionnaires administered to food industry
operators in Thailand. Data analysis consisted
of descriptive statistics for explaining
respondent characteristics and variable levels,
confirmatory factor analysis (CFA).
5.2 Population and sample

The study population comprised food
and beverage manufacturing companies in
Thailand registered with the Department
of Business Development (DBD) in 2022.

The minimum required sample size of 394
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respondents was determined using Yamane
(1973) formula. To enhance the adequacy of
the data for statistical analysis, questionnaires
were collected from 400 personnel working
in food and beverage manufacturing organiza-
tions, and these 400 respondents constituted
the study sample.
5.3 Research instruments

The research instrument was a
structured questionnaire. The content validity
of the questionnaire was evaluated by five
experts using the Index of Item-Objective
Congruence (I0Q), yielding an 10C value of
1.00. The reliability of the instrument was
assessed using Cronbach's alpha coefficient
based on a pilot test with 30 respondents,
resulting in a reliability coefficient of 0.85. The
validated questionnaire was subsequently
used for data collection.
5.4 Data collection

Data were collected using a structured
questionnaire comprising 93 measurement
items based on a five-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly
agree). The questionnaire was administered
to personnel involved in logistics, supply chain

management, production, and sustainability-

Vol. 12 No. 2 May - August 2026

related activities within food manufacturing
organizations. The data collection process was
carried out over a six-month period using a
flexible mixed-mode approach that combined
offline and online survey administration
to improve response rates and facilitate
participation. The questionnaire measured
four principal constructs: reverse logistics,
used-product value recovery, circular
economy practices, and sustainable industry.
5.5 Data analysis

Data were analyzed in two stages. First,
descriptive statistics, including frequency,
percentage, mean, and standard deviation,
were employed to describe the demographic
characteristics of the respondents and
examine the operational levels of reverse
logistics, used-product value recovery, circular
economy practices, and sustainable industry.
Second, Confirmatory Factor Analysis (CFA)
was performed to assess the construct

validity and reliability of the study constructs.

6. Results
6.1 Results of the Analysis of General
Characteristics of Respondents in the Food

Industry

Table 1 A total of 400 completed questionnaires were collected and analyzed. The results

are presented as follows.

No. Job Position Frequency Percentage
1 Business Owner 0 0.00
2 Supply Chain Manager a4 11.00
3 Supply Chain Officer 102 25.50
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Table 1 A total of 400 completed questionnaires were collected and analyzed. The results

are presented as follows. (Cont.)

No. Job Position Frequency Percentage
4 Logistics Manager 77 19.25
5 Logistics Officer 161 40.25
6 Environmental Manager 9 2.25
7 Environmental Officer 7 1.75
Total 400 100.00

Table 1 shows that the majority of
respondents were logistics officers, account-
ing for 161 respondents (40.86%). This was
followed by supply chain officers with 102
respondents (25.89%) and logistics managers
with 77 respondents (19.54%). These findings

indicate that most respondents were directly
involved in logistics and supply chain
management activities and therefore
possessed relevant knowledge and

experience related to the research topic.

Table 2 General Characteristics of Respondents Classified by Industry Type

No Industry Type Frequency Percentage

1 Food Industry 370 92.50

2 Food and Beverage Industry 30 7.50
Total 400 100.00

Table 2 shows that the majority of
respondents were from the food industry,
accounting for 370 respondents (93.91%).
This was followed by the food and beverage
industry with 24 respondents (6.09%). These
findings indicate that most respondents were
directly engaged in the food industry, which
is consistent with the scope and objectives
of this study.

6.2 Operational Levels of Reverse Logistics,
Used-Product Value Recovery, Circular
Economy Practices, and Sustainable
Industry in Thailand's Food Manufacturing
Industry: A Descriptive Statistical Analysis

The highest-rated item in each

dimension is presented below:
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Table 3 Mean, Standard Deviation, and Opinion Levels

Vol. 12 No. 2 May - August 2026

Component Item

Mean

S.D.

Interpretation

Rank

Reverse Logistics

Used-Product Collection Activity

Food sustainability is associated with the collection

of used products in food businesses.

4.25

0.72

High

Inspection and Sorting Activity of Used Products

The inspection and sorting of used products in food
businesses enables firms to generate greater economic

value.

4.13

0.76

High

Reverse Transport Activity

Reverse transport enables food businesses to create

a sustainable resource circulation system.

4.25

0.72

High

Used-Product Acquisition Activity

Used-product acquisition helps reduce waste generated
by food businesses in the environment in a sustainable

manner.

4.01

0.75

High

Used-Product Value Recovery

Value Recovery through Reuse

Product reuse is associated with resource management

in food business operations.

4.01

0.78

High

Value Recovery through Remanufacturing

Remanufacturing products or materials in food businesses

helps reduce resource-related costs.

4.11

0.75

High

Value Recovery through Recycling

Recycling helps create greater value from resources in

food businesses.

4.05

0.76

High

Circular Economy Practices

R-Strategy Practices

Production resources can be reduced through the
application of R-strategies to create circularity in food

businesses.

4.05

0.73

High
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Table 3 Mean, Standard Deviation, and Opinion Levels (Cont.)

Component Iltem

Mean | S.D. | Interpretation | Rank

Resource Efficiency Practices

efficient natural resource management.

The sustainability of food businesses is associated with

4.06 | 0.75 High 1

Waste Management Practices

ity is related to waste management.

Resource management in food production for sustainabil-

411 10.73 High 1

Sustainable Industry

Environmental Sustainability

consumption of natural resources.

Circular food business operations reduce excessive

4.09 |0.79 High 1

Social Sustainability

to society.

Food businesses that reuse products such as packaging

or equipment can improve the distribution of resources

4.05 |0.77 High 1

Economic Sustainability

The use of returned products in food production process-

es reduces resource-related expenses in food businesses.

398 |0.75 High 1

The findings show that all highest-rated
items were assessed at a high level. Used-
product collection and reverse transport
received the highest mean scores under
reverse logistics (Mean = 4.25), while remanu-
facturing (Mean = 4.11), waste management

(Mean = 4.11), and environmental sustainability

(Mean = 4.09) were the highest-rated items
under used-product value recovery, circular
economy practices, and sustainable industry,
respectively.

6.3 Results of Construct Validity and
Reliability Assessment Using Confirmatory
Factor Analysis (CFA)
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Chi-square = 45.612, df = 49, Chi-square/df = 0.931, p-value = 0.611,

CFI = 1.000, GFI = 0.974, AGFI = 0.951, RMR = 0.008, RMSEA = 0.000

Figure 2 First-Order Confirmatory Factor Analysis (CFA) Model of the Relationships Among
the Study Constructs After Model Modification

The results of the first-order Confirma-
tory Factor Analysis (CFA) after model
modification demonstrated that the
measurement model achieved a satisfactory
fit with the empirical data, as illustrated in
Figure 2. Model modification was performed
by correlating 10 pairs of error terms, resulting
in acceptable goodness-of-fit indices across
all evaluation criteria.

As presented in Table 4, the goodness-of-
fit statistics improved substantially after model
modification. The Chi-square/df decreased
from 2.771 to 0.931, which was below the

recommended threshold of 2.00. The p-value

increased from 0.000 to 0.611, exceeding the
recommended level of 0.05. The goodness-of-
fit indices also met the acceptable criteria,
with GFI = 0.974, AGFI = 0.951, and CFI = 1.000,
all greater than the recommended value of
0.95. Furthermore, the residual indices satisfied
the required thresholds, with RMR = 0.008
and RMSEA = 0.000, both lower than the
recommended value of 0.05. These results
indicate that the modified first-order CFA
model was well fitted to the empirical
data and that the measurement model
demonstrated satisfactory construct validity

and reliability for subsequent analysis.
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Table 4 Goodness-of-Fit Statistics of the First-Order Confirmatory Factor Analysis (CFA)

Model Before and After Model Modification

Fit Index | Acceptance Criterion | Before Model Modification | After Model Modification
< 2.00 2.771 0.931
p-value > 0.05 0.000 0.611
GFI > 0.95 0.914 0.974
AGFI > 0.95 0.868 0.951
CFl > 0.95 0.969 1.000
RMR < 0.05 0.014 0.008
RMSEA < 0.05 0.083 0.000

7. Discussion and conclusions
7.1 Discussion

1. Reverse logistics

The findings revealed that reverse
logistics was implemented at a high level
in Thailand's food manufacturing industry.
Used-product collection and reverse
transportation received the highest mean
scores, followed by inspection and sorting
and used-product acquisition planning. These
findings indicate that food manufacturers have
increasingly adopted reverse logistics activities
to recover products, packaging materials, and
production residues for further utilization,
reflecting a greater emphasis on resource
management and waste reduction throughout
the production process. These findings are
consistent with Fernando et al. (2021), who
explained that reverse logistics supports
circular economy implementation through
resource recovery and the reduction of
environmental burdens. Similarly, Richnak

and Gubova (2021) emphasized that reverse

logistics serves as an important operational
tool for achieving sustainable development.
The present findings also support the study of
Phongthong and Vararattanachai (2024), which
reported that logistics capability contributes
to improved operational performance. The
high level of reverse logistics implementation
observed in this study therefore suggests
that food manufacturers in Thailand have
increasingly integrated reverse-flow activities
into their operations to improve resource
utilization and support sustainable industrial
development.

2. Used-Product value recovery

The findings revealed that used-product
value recovery was implemented at a high
level in Thailand's food manufacturing
industry. Among the value recovery activities,
remanufacturing received the highest mean
score, followed by recycling and reuse. These
findings indicate that food manufacturers have
increasingly recognized the importance of

recovering value from used products and

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

materials through systematic resource
utilization rather than conventional disposal.
Such practices contribute to reducing
production waste while maximizing the
utilization of existing resources. These findings
are consistent with Xavier et al. (2023), who
identified used-product value recovery as
a key component of circular economy
implementation that enhances resource
efficiency and extends product life cycles.
Likewise, Sellitto and Almeida (2019) reported
that value recovery improves organizational
resource efficiency while reducing raw material
costs. The findings also agree with Dwivedi
et al. (2022), who emphasized that effective
management of end-of-life products enables
organizations to maximize the remaining value
of products instead of relying solely on
disposal methods. In addition, Cao et al. (2023)
suggested that recycling contributes to
resource conservation and environmental
sustainability through the recovery of
secondary raw materials. Therefore, the high
level of used-product value recovery observed
in this study reflects the increasing adoption
of resource recovery practices that support
more efficient resource utilization and
sustainable development within Thailand's
food manufacturing industry.

3. Circular economy practices

The findings revealed that circular
economy practices were implemented at
a high level in Thailand's food manufacturing
industry. Among the three dimensions

examined, waste management practices

Vol. 12 No. 2 May - August 2026

received the highest mean score, followed
by resource efficiency and R-strategy. These
findings indicate that food manufacturers have
increasingly incorporated circular economy
principles into their operations by emphasizing
efficient resource utilization, systematic waste
management, and the recovery of valuable
resources throughout the production process.
These findings are consistent with Singh et al.
(2023) and Carissimi et al. (2023), who explained
that circular economy practices promote
efficient resource utilization, reduce waste
generation, and create balanced economic,
environmental, and social value. The findings
also support Le et al. (2022), who reported
that the application of circular economy
principles enables organizations to transform
waste into valuable resources while reducing
operational costs. Furthermore, the present
findings are consistent with Javed et al. (2021)
and Xavier et al. (2023), who emphasized that
the successful implementation of circular
economy practices requires the integration of
production systems, resource management,
and reverse logistics activities. The high
operational level observed in this study
therefore reflects the increasing adoption of
circular economy practices as an important
approach for improving resource efficiency
and supporting the long-term sustainability of
Thailand's food manufacturing industry.

4. Sustainable industry

The findings revealed that sustainable
industry was implemented at a high level in

Thailand's food manufacturing industry. Among
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the three dimensions examined, environmental
sustainability received the highest mean score,
followed by economic sustainability and social
sustainability. These findings indicate that food
manufacturers have increasingly emphasized
environmental protection while maintaining
efficient resource utilization and sustainable
business operations. The high level of
implementation also reflects the growing
recognition that long-term industrial
development requires balancing economic
performance, environmental responsibility,
and social well-being. These findings are
consistent with Dossou et al. (2022) and Duarte
et al. (2023), who described sustainable
industry as an approach that integrates
economic, environmental, and social
dimensions into industrial development. The
findings also support Leppanen et al. (2020),
who emphasized that efficient resource
utilization and value recovery contribute to
long-term sustainability. Furthermore, Wang
and Jia (2022) highlighted the importance of
balancing economic performance with efficient
resource management, while Mustafaoglu
et al. (2023) and Gil-Garcia et al. (2023)
emphasized the significance of environmental
stewardship and social responsibility as
fundamental components of sustainable
industrial development. Therefore, the high
operational level of sustainable industry
observed in this study reflects the increasing
commitment of Thailand's food manufacturers
to balancing economic growth, environmental
protection, and social responsibility in pursuit

of long-term sustainability.
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7.2 Conclusion

The conclusions of this study
corresponding to the research objectives are
as follows:

1. The operational levels of reverse
logistics, used-product value recovery, circular
economy practices, and sustainable industry
in Thailand's food manufacturing industry were
all found to be at a high level. This indicates
that food manufacturers place considerable
emphasis on resource management, waste
reduction, and the continuous implementation
of sustainable business practices. Considering
each construct, used-product collection activity
and reverse transportation activity under
reverse logistics received the highest mean
scores (Mean = 4.25). For used-product value
recovery, remanufacturing recorded the
highest mean score (Mean = 4.11). Under
waste

circular economy practices,

management practices received the
highest mean score (Mean = 4.11), while
environmental sustainability achieved the
highest mean score (Mean = 4.09) under
sustainable industry.

In conclusion, the findings indicate that
food manufacturers in Thailand have placed
considerable importance on reverse logistics,
used-product value recovery, and circular
economy practices, which contribute to
sustainable industrial development through
more efficient resource utilization, waste
reduction, and the recovery of valuable

resources for further use.

2. The first-order Confirmatory Factor
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Analysis (CFA) model of the study constructs
demonstrated a satisfactory fit with the
empirical data after model modification
through the correlation of 10 pairs of error
terms. All goodness-of-fit indices satisfied the
recommended evaluation criteria, including
X?/df = 0.931, p-value = 0.611, GFl = 0.974,
AGFI = 0.951, CFI = 1.000, RMR = 0.008, and
RMSEA = 0.000, indicating an acceptable
model fit.

These findings confirm that the latent
constructs and measurement indicators
possessed satisfactory construct validity
and construct reliability. Consequently, the
measurement model was appropriate for
representing the study constructs and can be
reliably used to explain the relationships

among the variables examined in this study.

8. Recommendation

8.1 Recommendations for implementing
The findings indicate that food

manufacturers should continue strengthening

reverse logistics, used-product value recovery,

and circular economy practices as integral

components of their operational processes.

Vol. 12 No. 2 May - August 2026

Emphasis should be placed on improving
resource utilization, reducing waste generation,
and increasing the value of recovered products
and materials to support sustainable industrial
development. Government agencies and
industry stakeholders should also encourage
the adoption of circular economy practices
by promoting resource efficiency, waste
management, and value recovery initiatives
that enhance the long-term sustainability of
Thailand's food manufacturing industry.
8.2 Future research direction

Future studies should extend this
research to other manufacturing industries to
compare the operational levels of reverse
logistics, used-product value recovery, circular
economy practices, and sustainable industry
across different industrial contexts. Further
research may also incorporate additional
variables related to sustainable industrial
development, such as digital transformation,
green innovation, environmental management
capability, and supply chain collaboration, to
broaden the understanding of sustainability

practices in manufacturing industries.
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Digital Marketing Strategies Affecting Product Purchase Decisions:
A Case Study of EdTech for Kids Co., Ltd.

Thikumporn Girdwichai'* and Wilailuk Rakbmrung®

_

This research aimed to: (1) examine customers’ opinions on digital marketing strategies
and purchasing decisions in the case of Ed Tech for Kids Co., Ltd.; and (2) investigate the
digital marketing strategies affecting purchasing decisions. This study employed a quantitative
research approach. The population consisted of 2,110 customers, and the sample comprised
337 respondents selected using simple random sampling. The research instrument was a
questionnaire. Data were analyzed using descriptive statistics and inferential statistics through
multiple regression analysis. The results revealed that: (1) customers’ opinions on digital
marketing strategies were at a high level overall. The highest-rated dimension was social media,
followed by content marketing, while email marketing received the lowest rating. Overall
purchasing decisions toward the products of Ed Tech for Kids Co., Ltd. were also at a high
level. The highest-rated item was comparing product quality, price, and product features
before making a purchase decision. (2) The digital marketing strategies affecting purchasing
decisions were Search Engine Optimization (SEO), followed by social media, websites, and
influencer marketing. In contrast, content marketing and email marketing did not affect
purchasing decisions. Therefore, the findings can be applied to strategic planning for Ed Tech

for Kids Co., Ltd. and other companies operating in similar business contexts.

Keywords: Digital marketing strategy, SEO, Buying decision of products
Type of Article: Research Article

*Corresponding author

"Master of Management Student in Management Innovation, College of Innovation and Management,
Suan Sunandha Rajabhat University. E-mail: s66563829015@ssru.ac.th

?Lecturer, Master of Management Program, Department of Management Innovation,
College of Innovation and Management, Suan Sunandha Rajabhat University. E-mail: wilailuk.ra@ssru.ac.th

AUNsTUTRIAMINWANAUdAYiinITE19BeTasing (TCL) aglundu 2 avuyuvemansuasdeauAans

66 endeladafnduazdnnataivy uninendesivigaugium



Journal of Logistics and Supply Chain Operations (JLSCO)

1. unmi
TugalagUu waluladadvialadiund
unundrdglunistuiadeulasugianas
L‘Ua‘lEJULLUaQWf]aﬂiiiJ‘UENIé’U%IﬂﬂE]EJ"NEQ:!JUL%Q GG
Tinssurunmsdnaulatodudiudsuanguiuy
lugremsoeulatinniu gafasg 4 Fesdu
Fosususlagtinagndnisnaindavia wldiile
asemnuldSeunienisudetu lddnezdunns
Tdodsnusaulall (Social Media), n15vlaman
ruASo sl (SEO/SEM), visomsliRiianna
M9AWAR (Influencer) ilonianguntimang
IAeenaiiusz@nsnin (Chaffey & Ellis-Chadwick,
2019)
INATAUNIUITTUNTTUTN LN
11 p3ANUIIUNaYNSNIIAaIAAIviadU g
ﬁmg'qLﬁumiﬁwﬂuﬂﬁuauﬁwaﬂiﬂﬂﬁiﬂﬂﬁﬂﬂ
Aufundu vietnieadiens dudunguaudii

€

Uslnaldnisinaulameaisuaikasiinseuiums

e <

h]

paulafidu ogslsfinny 693 “dositenienis
398” (Research Gap) ﬁﬁ’]ﬁmiuﬂa'uauﬁw
fAiflanuanizianzasgs Wy dennsiouuas
maluladdwiudin Jadunduiuiiidesende
N19tM5AT09081950UADY UAZABINITAIY
dndedeidadvinisidugiulunisdndula
donARBafuLLIAAYBY Belch and Belch (2021)
fszyimisdeansnsnatndnivaudidinig
Fudoudndureddnagnsnishidoeyaidedn
wnnmsnszdusseuiEn dsmAdeluuiun
Yo453n0amA (EdTech) Tulszmealnedsioy
981997171

uanandl nsrvrunsiaduladelugsia
donsiiouddaddnvasfitewiiuaninanindudn
#lu Geiidnwagnsdadulowuy “geelallaly
wazf1413ilé%e” (Non-user Buyer) dawalw
wsegslalunistoluldifinainaaudesnis

Vol. 12 No. 2 May - August 2026

diuynAAieIag1uRgd WAAAIINANNAIANTS
Tunadnsasifindudugdu (uasva) A
Fudouvesunumidetivhlinagninamanadaia
wuuinfgatunsirdefldaulnensienali
Uisﬁw%mmﬁmwa‘LumﬂﬁuﬁﬁLa;ﬁﬂﬂﬂiaﬁ
ﬁmﬁﬁﬁﬁuﬁﬁmﬂsaﬁay’a iy n15¥iA
Wrlednedesileddvalafiarnnsaasisainy
Fosulkiugunasedls Sadulssiiuiianise

Tuedndslallalimmeuiidaau (Kotler & Keller,

v
a

2016) mewweil |

=3

Hivdudenfne USTn 1Ha wa

Nosand 910 1Wunsffnel 191N USEw

(%

Hudunufisivedda Y83 UsEnaunsing

o

=3

Tungussh ‘Ug‘ﬂﬂ?iﬂﬂﬂ?%WWU’ma&%ﬁﬂ’ﬁmaﬂ@

9 9

Y

dvaunlilunsiiiugsie ufeinsliiedosle
finannvaremunszuanufenludagiu us
Usendauanseunisianalieslszangiinagns
Iafia$rssenvieldaTanaznagnslaiduiio
Funuduiiy nsdenAnuinsdisefiaai
ddnlunsadi “wumajuanduda” e
TigsfaanusadnassnineInsnieanisnaiale
og1ausiug annisgadsainnisldiaiesile
flaineulangwyinssugnAn uazasnsniy
IsuSeumamsudeduiidsdulugairsugRaniva
(Chaffey & Ellis-Chadwick, 2019)
nanuddguazdamilutiediu {33y
Jeaulaviiideides nagnsnmsnanadiviafidaa
somsdinaulatodud nadifinw U3 1Sn wia
Wesdnd d1in FsanudrAyuaraueives
n9iuidestl Luldhinegifivsnisinuntiaded

¥
=

dawasenisinauladowindu udywdudiey
1) figainsruinadesienisnainaiialadidl
SvwageaasiendugnAndndusiifienisdne
Lﬁaamiaﬂ’mmmiﬁdﬁ “Content is King” %30
“Email Marketing” a19lulyAmaudmsunn

a A & a s 9 Yo
g3na way 2) weduuuimadnagns Tty

[ o L | v a [ ' 14 o/ 4
mumﬁ‘usaaqmmwmnquamumimqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

67



68

NIasufuRnsladafinduasdnnatsisu

UsEnnsalfnwiuaziusenaunisiugnaivngsy
Inddes awrsadmaddeldseyndldlunng
Faassnineins 1deniaiesiled “lv” uas
dataTosilon “luly” eenly leifindnninu
aunsalunisusdunagn1sidulaniegsia
g 1adeBulugaiasugianivia uazifutoya
fagdeliusmdnlanmemuastadefifidviwa
songfnssunistelugaiiia imﬁy’uﬂu%@ga
WeUsuugenagndmsnaralvduszsansaim
1NTY N1ANwIHaTAINTIIALDLLIMILAY
wnUFTRwIzaudmiunsldiaiesiendva
WleaFrsmulfiuToulumsudsiunazadiann
Iniulusvegeiugndn Snvadadunsaduayy
T3 Emannsanevauowion U ABULUAeS
paneeeTInmazideyadugiulunisnun
nagnsegeliusEanEan

2. InQUszaAYaINITITY
1. Lﬁaﬁﬂwﬁzéﬁ’ummﬁmLﬁumaqgﬂﬁw

a

AonagnsnIsnaInfaviauazn1sindulagedua

NIAANEY USTM 1B e WesAnd 311

'
aa v A 1

2. Wisfinwinagnsnisnainfviandxa

4
1% = [

fan15AnaulaTRAUA NSEWANEY USEN 1O9 LA

3. FUNAFIUNITIVY
HIEMVUAENNAFIUNNTITY fall

v a

auufgui 1 Buleddmasionisinduls

v
& o @

FOAUPIVDIUSEN 1B9 WA NosAnd 3170

U 12 atiufl 2 ngunneu - Asvnau 2569

AuNAgILN 2 namaaduiiemdwmare
nsinauledodudvesuiTm 1Bn wa WeiAnd
9119

auNAgIudl 3 nmnediannsedind dea
sensinaulagedufvouih Ba wn weihed

19

100

Do

auUAgIUTA 4 N15¥1 SEO damanionns
dnanladeduiuosuiiv Bn e vlesAnd S
suNAgIui 5 Fodsnuseulatidimasients
dnanladeduiuosuiiv Bn e vlesAnd S
sunRgiuil 6 msldduraduivesdmanie
nsdndulateduduesuien Ba e Woshnd

19

3110

4. NTAULUIAANITINY
115398 1309 NAYNSNIINAINAITaTIAINE

v a

semsinauladedudn nsalfinu U3t 18 wa
WosAnd 91in FIelaAnvIuwAnYeY A1uNIs
fa1nRAIva YedChaffey and Ellis-Chadwick,
2016); Belch and Belch (2021); Chaffey and
Ellis-Chadwick (2019); naumnd Fusue (2561)
warnssmanladeves Kotler and Keller (2016);
Kotler et al. (2017); Turban et al. (2018) {1u"

AT BALFLATIZITUNTBULUIAANITIVY
A9t NN 1

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

fauUsdasy

N1sPaInRang Usznoumnay
1. Bules
2. nspaadaiionn
a @ a €
3. aavugdiannseiing
4. n1svin SEO

5. dedvaussulail

6. nsldduyaduiyes

Vol. 12 No. 2 May - August 2026

Audsny

o = X o @
nnsanauladodunn

a o @ fa 13 o @
USEN 19A A WasAnd 410m

AN 1 NFOUBLIANNNTIVY

5. 255UNSTUNNYIVD

[
U A Ya v

nTeasall RITeldnuniuuufn ngud
waznuidemingades ieihuuszyndldlunis
Aiiunuddy dedl

5.1 LUIAALAZNOBYNITAAINAING

'
a

n1snaafdviaid uuwiAndilunisly
walulagfdvalunisasrawazaiunagns
nsaann LiteBeslessensgsiafunguitivne
Tusuuuufiazain 5052 uazduszansaim
1nTy Ryan (2016) Beuwidandnuesnisnans
Adviarenisldunannesuoeulad wu Viulud

loifeaihe 88 wazwoUNaLAtuUn 19 9
iedearsuazadiennuduiius fuguilan
o esialleanazidunagnslunisansniy
windnfvesgndn n1svihaaudlonuadai
Jadudsdhfydmiunsiannnagmsiiaonados
fungAnssuvesfuslaalugafimaluladitun
funuinluyna1uves¥in Chaffey and
Ellis-Chadwick (2022) n1snanandviaiduuuifn
Afunisldimaluladfdsialunsairauaz Ay

nagnsn1sAatn Litelteuleseniegsnaiu

naudmuneluguuuuiagnin a5y wasd
Us2ANTNINUINTU LALLUIAANANVYDINITHANR

Y

aa = 4 6 6 1 <@ I3
favaranisidwnanesusaulay wu uled
lgFoaiing 9iua wazkoUnatadung 9

' '
= b4

Wedeasuazasauduiusivgusinnegi
Aoliiog (Chaffey & Ellis-Chadwick, 2016)

wenanil daiuilunagnsdrdglunisadiannn

v v a

3nAnfvesanAi n1sviaudlanwiAnil
=% & a o & o @ s 1%
ududdnludwiumaiaunagnsiaenndes
@ a PPN =i N v
AungAnssuvesuslaalugafialulagidnun
Tunumlumnenuwesdin (Kotler & Keller, 2016)
ayunsnannfavia viinene NMALEuNIg
N19NTAAANYTUINITTBIMaLazinalulal

Y

a I [ ! a f & [ & a
Iarlunan wu duweside Luled dua

. 2)

'
[

dodanuonulat] uazuoundinduilefe iledeans
AuA1v0IdUAMIaUSNITIUSangudinune
Inggaiunisasianisidiusin anuduius
Afadu warussginguszasAniegina o1
nsa¥1snsfud nsifiugentis waznisinw
anén Tngedugauiuvesdeiviaiianunsalineu

19 (Interactive) Taxale (Measurable) kagsdinge

[ o L | v a [ ' 14 o/ 4
mumisusaaqmmwmnquamumsmqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

69



70

NIasufuRnsladafinduasdnnatsisu

naudmsnglaagnausiugn (Targeted) dudna

InensesioUszansnamlunisnseiunisdndula

Fovasiuilanlugatiagiiu
Tugafimaluladansaumadunivnum

o w |

dAyreInTInve AU nsnanRdvalanaedu

1)

nagnsvdnlunistuiadeussia 9nnsnuniu
IIIUNTIUNUI NMseaaddvia llladninegiis
mslawanaudumesidn uiduuulAneadsiu
fitndvnslaliddrinaiuuazyuuesly
vennvianedia el

Ryan (2016) laflgnunisnannnavialuia
294 “Uszdnsanuaznszuiunis” 1aeueein
uwufaiiiunisidmaluladfivaiioasns
wagdudunagnsnisnatn tieldoulessening
qsﬁﬂf‘ﬁ’ﬂﬂtjmﬂmmdugﬂLLUUﬁazmﬂ 599157
warilussavsnmuniu Swaenndostungiinssy
Fuslangealsifdesnsmsmeuauesiuil luvassi
Chaffey and Ellis-Chadwick (2016; 2022)
loveneyumadduinves “Aanuduiusidanagns”
Tnedlidiui wladdyuosnsmannnavanens
THunannesuoaulall 019 uled loduailife
wazueUndndu Wisldifieaurdeans udifieass
mmﬁ’mﬁuﬁ‘ﬁ’ué’uﬁmaEJ"Nm'aLﬁaﬁQﬁULf]u
nagnsdAglun1saieauassninfvesgnen
(Customer Loyalty) Tuszazen

uaﬂmﬂ‘ﬁ Kotler and Keller (2016) 1@l
yuuosludfves “n1susudiniungfinssy
Huslan” d1msianudilawuidnnisnaie
Advaiudssndutiugudmiunsimunagns
Taenadosfuuiuniimaluladunsnduegly
NNA1UYDIFIN (Ubiquitous Computing)
dlohineiSeudisunuidndneiiu audiuls
11n1sRaIRRINainmuIn1saInnsiiuiiies
“\n3silodeans” (Ryan, 2016) dnadu “nagws
#519aUFUNUS” (Chaffey & Ellis-Chadwick,

U 12 atiufl 2 ngunneu - Asvnau 2569

2022) waznatesdu “@animuandeudisndu”
N143313 (Kotler & Keller, 2016)

dwumsidenlestu nsdnaulededudn
(Purchasing Decisions) thy NAYNSNIINAINATIA
denalaenseiunuauda 3 Usens e

1) mslamaula (Interactive): a@s1an1sdl
dusuarameteaidunounsinaulede

2) Tanala (Measurable): vinl%g3ia
mm5aﬂssﬁm%mwmmLﬁamwﬁﬂszﬁuaamm

3) wWadangudvunele e 19w uen
(Targeted): Ula@UaEUATlANTIAIUADINTS
ANITUAAA

TuuSunves USE¥ 1B WA Weshnd 311n
Feidugsiasumaluladnisinw msuszand
THuwAnnsmaniaraianuddyesadions

Andulagevesiunases (ipandudiUszian

=

donsiBeusiesns "mnudesiu’ (Trust) g9

NSITUNaANBS UAINAAIULUIAATDY
Chaffey and Ellis-Chadwick (2022) aagliuiem
anansnadyuruooulat (Community) ol
mmiﬁawﬁ’ﬁumﬂmﬁﬂ mugluiunsdiaue
dudn Fadunisademnuduiusieaunisens
(Pre-sales Relationship) dlonnuniunwifnues
Ryan (2016) SosrmuaransInE nsivteanng
Chat %39 Messenger *ﬁmauﬁwmu@’ﬂﬂmm
Toviuil azdiganmudualanasisanseuIunig
Fnauladelvduas uenani misldiedesile
AAsIeviteya (Data Analytics) eragliuium
mmsaa’mauLﬁamﬁmqﬁ’mmi’sfuammwmu
ngudmnelauiug Fadutladoddaiidi
Tonalunistanisene

o w

5.2 pedUIzNOULALIAT DTl ATYYRINTAAIN
fana

mMamanedaralutagtulilifioniedosile
Taasesflendafisseg1uiier wiAnainnis

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

YsaMIvAINvanetesaiteaseUseaun el
l¥egsie Wituguslna 91NN1SNUMUITINTSY
WUI LATIlandnAldvSnanonIudnSaues

NAENSNNIAAIARATTIA Usenausie 6 asrusenay

dAgy il

1. Auled wWisuiailoudrdnaiulug
vulaneeuladuaziduaudnansveinagns
AMsMATARATAT LA Ryan (2016) 95u1891
Auladvimiafid uganuiguateniandn
(Destination) #igsAaldlumsthiausdoyadudi
a¥1annuindedie wagdanisuy tnoiiuled
Afagdeadiniseenuuuiididefisszaunisal
W19 (User Experience) 5045UN1SUAAING
vuilefie uazdimnuvasade ioadseusile
Wifugustnalunsvingsnssy

2. Mammadadom fo nagnsnisasig
wazmeung demiifnmen ieates uazathiase
iiofsgauazsnuigiunguidmsneiidmunly
9819%nLau Kotler and Keller (2016) 5¥yin
wnufieziiunsvedudlagnss n1snate
Badonyaiunislianud wieanutuiiis
dleadenrlinddauazilugnsdaiulate
Tuilgn Tneiilevannsaegluguuvuunaia
Fle wIeBulUngwin

3. anumnediannseiind udasdvemis
Iyl q AnTy win1smansudiwadmady
osleNTUsyansnmgslumssnuenudiiug
anA1 (Customer Retention) Chaffey and
Ellis-Chadwick (2022) #l¥iftun Smidugoamns
fuusudannsadeansiugndlalnenss (Direct
Communication) aunsausuuaataninuly
wilnguyAAa (Personalization) Wioudsrmans
Tusludu vidensedunsndundesnldoeausiug
nazldauyszanas

4. n3%11 SEO (Search Engine Optimization)
vaneds nszuaumsuiulglasadiauasiidon

Vol. 12 No. 2 May - August 2026

voaduledifieliAndusudu q vunanisdum
AUFTINF (Organic Search) Kingsnorth (2022)
o5ueh dRenagnsddnlunsairsnsuoaiiy
(Visibility) iffefuslnafienudesnisuasiGudum
Yoya Tasnnsiin SEO Andesodenisidentd
Adfay (Keywords) finssfuiamuilunisdum
vaanaud g

5. dednunoulay dedenusoulay
diiiduiiuiidmiunsadsufduiusuas
YUy (Community) seninglusuALazEUslna
Stephen (2016) na12711 wwanesulyidea
Py WU Facebook, Instagram 950 TikTok
Lulmduifiserosmiensyanea1ians uadu
n3esdofinseandslunisadrenisiiaiugu
(Engagement) hazSuilaideavaiuslan (Social
Listening) FaidvSnasgnaunnserirunfiuasnis
snauladelugadagii

6. N15lYBuNgLeulYes N1sRAIAKIY
Jurlgiauiwes Ao nsldyanaiiidedeamied
dvdnavulanesulaiuiriesusemiesnaum
Lou Ua¥ Yuan (2019) wuin guslaadiuwiliy
flazidofiodoyanindurigieuwosinnninlawan
NnuusuAlaeass Lilesaniandsanuaidlauas
alnddaiaiiouduuzianniiien (Word-of-
Mouth) InelennzBumigieuise siinnademay
iU Binasionuieieveansaudn
5.3 n1sinauladodudn

wurdanisinduladedud wuus i
fnuvseonidu 5 duneundn (Turban et al,
2018) fsil

1. nsnsentindelenn (Need Recogni-
tion)

2. M3AUmTaya (Information Search)

3. nsUsELiun1aEen (Evaluation of
Alternatives)

4. Msenaulada (Purchase Decision)

[ o L | v a [ ' 14 o/ 4
mumﬁ‘usaaqmmwmnquamumimqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

71



72

NIasufuRnsladafinduasdnnatsisu

5. wgAnssundaniste (Post-Purchase
Behavior)

WWIANYBY Kotler et al. (2017) 1Ty
LLmﬁmﬁImL@iuLLazQﬂé’NSqaEJNLLWi'mmﬂmm
sk Tngazvieunginssuguslnaluge
fidedsrueaulatiianinags

nsnauladodudn munedenszuiunis
donmalanaidennieainuate q naden
'1'7iﬁu%‘lmlﬁﬁmsmm’%aﬂsmﬁuazmﬁLLﬁm"w
\DunsilegdagliussafisingUszasduazaniy
Foansvewuaindall nansnenisde Wy
%umauﬁﬁu‘%lmwﬁwLﬁuﬂwsﬁ??aﬁuﬁm‘%au'%ﬂﬁ
w§ndilawunszuIunIsAnuasussiiy
NLADNAN & LA

Tnevialy nszurunisinduladeves

1

fuslaa sindsznausie 5 Sunoundn q fail

1) msnszundngnedgun (Problem
Recognition) Q’U%ImL’%;Jiﬁﬂdwﬁmmﬁaqmi
vizeUayyiisosudly

2) MIAUMUAEITIVTINTeYA (Informa-
tion Search) é’um‘ﬁagaLﬁ'mﬁ’uﬁuﬁwﬁaﬁmi
Fannsanaulandle

3) AN1SNAITUINIaLEeN (Evaluation of
Alternatives) LUSguliguwarUsziliumiaen
#a o ifleg

4) nssndaulade (Purchase Decision)
Fnauladondedusviouinig

5) MsUsEflundan1ste (Post-Purchase
Evaluation) Usziliumnuiianelavdsanilade
wagludumluuan

NASUIUITTUATH WU ATEUIUNNT
sinaulatovesfuslnalutiagtulsildidudunss
MUV ERUeY Kotler & Keller (2016) taualy
WALANEULOURULLIAR Customer Journey

Egﬂslmiﬁl Lemon & Verhoef (2016); Stephen

U 12 atiufl 2 ngunneu - Asvnau 2569

(2016) @e3urelisn dednuseulatuaziin
ﬁ@‘m%waLmsﬂLL%ﬂlunﬂ%umauﬁzJaqmiﬁm'ﬁu%
nuATeiRujadenlomguifindifensivasy
31 lugadiguilaaiidiunalunisaumdeya
g9 nagvdnsmanaRaviasulafianansn ‘Yans
e’ laass Wldurasisanuaula
5.4 USUNYRIUSEN 1A wa Washnd d1in
USEW 18n Wi o3 And $11n dfiugsia
luvaany n1sviedantdsde wilsdeiu uay
A3auTey LLazﬁﬁwﬁfﬂmuﬁ”’qag’ﬁ 683 %08
SN WUUT 76 QUUUTUS VU L emasssuani
LWANITAIUY NTUNNUNIUAT A5RIToUTI
“W@n A o3 And” wareglunuianisvieds
wilide Vs inustniRetdestunsinnan s
N9N15ANE (Educational Technology) waz/
visodonisBouidmiuiin gsfandn nsuieds
wilade nilsdefiud wazindeudou Jousen
“Bn e o3 And” azvoudensiiufinalulad
msfnw (EdTech) waznguithuanede “wéin”

6. A5ANUUNITIVY
6.1 sULuUNsITY
1153908191531 B S unaniiefnen
FEAUANNAATIUTRIgNAIRONaYNSN1TAAIN
Faviauarnisinaulatodudn uazvadounagms
nspaaRITandsranenisinaulatedudn Tay
T D AT INTTUUILAZNTIATIERAILOANDBLT
w91 (Multiple Regression Analysis)
6.2 Ussunsuaznguaiagig
Usz91n3 gnAnuesuIem 1dn e Weshnd
10 laguszensidanuieg J9uiudssune

2,110 Au (§rudoyauion 1n wia Woshnd 911
U 2567)

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

M188193INgAY09 Yamane (Yamane, 196) g

1EEnsduageiremelusunsumeada 91uu

337 AU

6.3 \w3nsdiadde
wiedleildlunsisended A8 el

v
v a

wuudeUay umeunisadauuaeUany fail

1. Anwteyauuifn nauf wazauide
9191 tenas wareAdedifeades ey
Joyalunsaranuuaauniy

2. FuATIENBIAAINFIINGITY LONEANS
wazauideiiferdeandithundeuiau 1y
NIDULUIANNTTIVY Uagiuualeudaujunnis
Adoiau iunans uazanusadald

3. a5 awuvasuaun LAz g Ay
Uaiinenadefonnsly

4. WiiFemny 1w 3 viu asaaey

Aunsudaident (Content Validity)
Im;jv‘?iwmzyaﬁmu 3 YU wagiasanAIavil
AMuEanAand (10C) leiA 10C Wi 0.67-1.000
B9 sunausinde HanIsegaUALANLLTE

fuveawuvasuny lngldgnsduuszansdann
(Coefficient-0) vngust 0.70 (a1 MNTve T,

o

=3

2558) Trauil Iis¥ming 0.800 — 0.920 Faw1u
\neuinte

5. dadendarmanuiidunasinisussdiy
wazthinaadusuuaeuanuatiuids 33 4 neu
TnefisioaziBon fail

moudl 1 wuuasuntuieafudade
GENIGLE Faduromwuuidenmeu (Check List)
MU 5 U0 TSNEUENINTIIALUUUINTY QR
(Nominal Scale) wazumsLseea1au (Ordinal
Scale) Usgnausny e 818 szAun1SANYI 87w
wagswla

a

mauil 2 wuudsunaigIny nagns

'
aa v A

N1SAARRIVANAINaRBN1SARAUlIYRAUAN

Vol. 12 No. 2 May - August 2026

nSeANYY USW 18n A WesAnd $in Faduy
A0 UULIRTEILUIZIUAT (Rating scale)
1uu 6 i Auled nseanmdailen anvaneg
a & a ¢ ° A o ¢
diannsefind n13vi1 SEO dedsausaulaluay
nsldBunaduiwes Ml 5 szdu Ao wnNign wn
Uunand dee deedign I3 1uunvun 32 8

POUN 3 ANUAATIWLALITUNISFRAUlaT

AU NIAIRNET USE 1R A WeasAnd 9170

=

Wuuuvaeunuunsadiu (Rating Scale) 91l
5 5gfU fie 1nnilan 110 Urunans Tes teeiian
fisuauiaun 17 9o

neudl 4 doiaueuwurdu q w1 e
6.4 M3iusIUTINtoya

dAdedndunisiiudeyasingnAves
U3 180 wia WesAnd 91iin angudeyauiem
10n WA WasAnd 31in U 2567 Meauled 91U
337 A wagismuaulFluuasunuiiauysalasu
s TR T LUUEUa NS
aoumNNANysallavasiadeyaLiiolnT L vide
IﬂiLLﬂimﬁWL%gﬂmqaaa
6.5 NM3ATIEYaya

1. Mmyesevideyaatmdanssauun 14

a

ANTBEAY LAZLANLIIAIUD dmSuTasIeu
foya fall FoyadnurUssrnsmanivosiney
WUUADUNNY UENaume i 91g SeAumMIfine
01 uarsold  1dAade wazdrudonuy
1msgU e esisEAuAuAMTu AL UNagNS
nsraaRdvaLarnsiadulatedud nediinw
U39 180 na Weshnd $11n

2. @OFALYIDYNIU NAFDUANYRATIUY
myidelagldmsinevianneeiiang laemmue

TsgautvdAgn1sadalin 0.05 ievnadau

aumsﬁwmaﬂaqwﬁ‘mimmmmmamaawammi

v
% o

ylagadus nsWANY UM B9 wia Wes

o)) e
»
2\ BN\

[ o L | v a [ ' 14 o/ 4
mumﬁ‘usaaqmmwmnquamumimqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

73



74

NIasufuRnsladafinduasdnnatsisu

7. NAN1338

NAUBIMBULLUABUN LT VLA 337 AL
drulngidumandge $1uru 198 Au (Sovay
58.75) 918 30-40 U 9113w 98 Au (Soeaz 29.08)
Junidneuenyu $1uau 135 au (Saeaz 40.06)
swldladesaiiou AN 10,000 UM U
294 au (fovay 87.24)

JZAUAUARATILYBIGNAIRIUNAENSNS
panRdTaflasninsin wud egluseduuin
dofisandusesiu wui greuuuuasun
Wiughe wnflan e dedwnuseular] sean
fio manandadon waeliosiian fe avane

Siannsetind

U 12 atiufl 2 ngunneu - Asvnau 2569

Frunisiaduladodudiuien e wa
Wosdnd $1in Tesnmsweglusedumn e
fnsandusiesu wui sufianniige Aens
Wiguiiguamunn 91A1 wazAauUAvesdum
reudnAulatoegluseiuinniian sesawunie 9
wioAuAniuIINgnARuYeiUszduRMAY
vosauild egluszduanniign uaztlesiiando
nIgntinfsnnuaensauineunumdeya og
Tuszauunn

HANITALNATIUNTIAY NAENSNITAAIN
faviaiidsmadonisdnauladodudn nadnw

'
o w £ I

VST 1B A NosAnd 3179 Famns9d 1

Y

A13197 1 KaNITIATIEYINaENSNIIRaInfAdviandwmasonisanadularedudn nsdtiAnw

§ o w

a o [ ga
UITN LOA VA NOIAANE A1NA

Unstandardized
Jady Coefficients B t p-value
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The Application of Value Stream Mapping to Improve Machine Spare
Part’s Purchasing Process: A Case Study of Preventive Maintenance
Booster Gas Compressor Company

Natthawan Jaisumruam' and Thitima Wonginta®

Abstract

The objectives of this research were to (1) study the current purchasing process of
machine maintenance spare parts in a case study company (2) analyze the causes and
problems that lead to delays and inefficiencies in the purchasing process and (3) propose
guidelines for improving the efficiency of the purchasing process for maintenance spare parts.
The researcher applied Value Stream Mapping (VSM) to analyze the current workflow and
identify non-value-added activities with a Fishbone Diagram to investigate the root causes of
the problems. Subsequently, the ECRS principles (Eliminate, Combine, Rearrange, Simplify) were
applied to improve the process by eliminating unnecessary steps, consolidating redundant
tasks, rearranging workflow sequences, and simplifying work procedures. The results of this
research revealed that the current purchasing process took more than 40 days to complete.
However, with the proposed improvements such as implementing an electronic document
system (E-MSR), establishing Price Agreements with regular suppliers and developing an
Inventory Database with Power Bl. The purchasing lead time could be reduced to only 7-10 days
and for items under Price Agreements, the lead time could be shortened to merely 3-4 days.
The application of Value Stream Mapping, Fishbone Diagram and ECRS principles significantly
enhances efficiency by approximately 76-83%, eliminates waste and streamlines the spare
parts purchasing process. Moreover, it supports preventive maintenance activities to be carried

out on schedule, thereby improving the company’s competitiveness and long-term reliability.

Keywords: Value stream mapping, Fishbone diagram, ECRS principles,

Preventive maintenance service provider for booster gas compressors
Type of Article: Research Article
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A Case Study of Chiang Rai Night Market
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Abstract

This research aims to explore patterns of tourist activity participation and analyze
the relationships between tourist activities at Chiang Rai night market in order to support
effective urban tourism management. A descriptive quantitative research design was employed.
Data were collected from 405 tourists visiting the Chiang Rai Night Market using a structured
questionnaire covering demographic characteristics, travel behavior, and activity participation.
Descriptive statistical analysis, including frequency distribution and percentages, was used to
examine tourist characteristics and overall participation. In addition, activity relationship patterns
were analyzed using association rule mining with the FP-Growth algorithm, utilizing minimum
thresholds of 0.60 for support value and 0.95 for confidence value, implemented through
RapidMiner. The results showed that tourist activities were highly interconnected, creating
integrated experiences. Tourists who participate in sightseeing and cultural learning activities
show a strong tendency to engage in food consumption activities. Moreover, food consumption
appears to be the central activity in most activity patterns at the market. The most frequent
pattern involves dining combined with watching local music performances, which subsequently
leads to sightseeing experiences within the night market environment. The practical implications
suggest that the spatial planning of night markets should position food-related activities as
the core attraction, while integrating cultural performances and experiential activities along
major circulation areas, and allocating infrastructure in alignment with identified activity
clusters to enhance tourist experiences and support sustainable urban tourism management,
contributing new evidence on activity-level behavioral patterns in informal tourism settings
where such data-driven analysis remains limited.
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Night market spatial planning
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1. Introduction

International tourism has experienced
a strong post-pandemic recovery. According to
the United Nations World Tourism Organization
(UN Tourism, 2025), global international tourist
arrivals reached approximately 1.5 billion by
the end of 2025, nearly matching pre-pandemic
levels. Thailand is a prime tourist destination
in Southeast Asia, welcoming approximately
33.97 million international visitors in 2025
(Statista, 2025), with tourism contributing
substantially to national economic recovery.
Within this national context, northern provinces
including Chiang Rai have emerged as
increasingly significant tourism zones,
attracting visitors seeking cultural heritage,
natural landscapes, and authentic local
experiences.

Chiang Rai, the northernmost province
of Thailand, has developed a distinctive
tourism identity rooted in its multicultural
heritage and proximity to the Golden Triangle.
At the center of its urban tourism landscape
is the Chiang Rai Night Market, located near
the city’s Clock Tower, covers approximately
4,000-5,000 square meters and features
a multi-zone layout, including an open-air
vendor area, a food court, a cultural
performance stage, and surrounding craft
stalls. The market attracts approximately
2,000-4,000 visitors per evening during peak
periods, particularly on weekends and public
holidays. Its distinctive characteristic lies in
the integration of cultural performances, local

cuisine, and artisan products, enabling tourists

U 12 atiufl 2 ngunneu - Asvnau 2569

to engage in multiple activities within a single
spatial setting.

Within this context, night markets have
evolved beyond traditional retail spaces into
essential nodes of urban tourism systems.
They function simultaneously as economic
platforms supporting SMEs and as cultural
spaces where tourists engage in diverse
activities, including dining, cultural per-
formances, souvenir shopping, and social
interaction. As a result, understanding tourist
behavior within night market environments
has become critical for urban tourism
management, particularly with respect to
spatial planning, visitor flow management,
and service allocation.

Despite growing scholarly interest in
night market tourism, several key research
gaps remain. First, prior studies have largely
focused on tourist demographics, motivations,
and satisfaction (Rueda-Lopez et al., 2026) or
spatial configurations of market environments,
with limited attention to activity-level
participation patterns, particularly how
activities are combined and experienced
concurrently. Second, conventional analytical
approaches, such as descriptive statistics
and regression models, treat activities as
independent variables, which does not
adequately capture the interconnected nature
of tourist experiences (Huang et al.,, 2023).
Third, although data-driven approaches
have gained importance, their application in
informal, SME-driven settings such as night

markets and their translation into actionable
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insights for spatial and logistics management
remains limited (Zhang, 2024).

To address these gaps, Association Rule
Mining (ARM) provides an appropriate
analytical framework for identifying co-
occurrence patterns within behavioral data,
ARM enables the analysis of interdependent
activities without assuming variable
independence, making it particularly suitable
for examining integrated tourist experiences.
The FP-Growth algorithm is employed due
to its computational efficiency in extract-
ing frequent patterns without generating
candidate itemsets, outperforming traditional
approaches such as Apriori in datasets with
multiple co-occurring activities (Wicaksono
et al., 2020). Although widely applied in retail
analytics, its use in tourism, especially at the
activity level in informal settings, remains
limited (Yu et al., 2022).

Therefore, this study aims to analyze
tourist activity participation patterns and
examine the relationships among activities at
the Chiang Rai Night Market using ARM with
the FP-Growth algorithm. By identifying and

quantifying co-occurrence patterns, the study

Vol. 12 No. 2 May - August 2026

provides empirical insights into how tourists
experience night markets as integrated
systems of activities.

This study contributes in two key ways.
Theoretically, it extends the application of
ARM to activity-level behavioral analysis in
informal tourism contexts, revealing structured
experience bundles. Practically, it bridges
tourism analytics and urban management
by translating these patterns into actionable
insights for spatial zoning, visitor flow optimiza-
tion, and resource allocation. Figure 1 shows
an example of a Chiang Rai night market,
highlighting its key economic hubs and

recommended tourist attractions.

2. Research Objectives

1. To explore activity patterns of the
Chiang Rai night market visitors using associa-
tion rule mining (ARM).

2. To analyze the relationship between
activities that tourists engage in together in the
Chiang Rai night market area.

3. To provide policy implications for

effective night market and tourism logistics

management.

Figure 1 Spatial characteristics of Chiang Rai night market as an integrated tourism
and economic hub. (Source: Authors)
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3. Conceptual framework

This research applies ARM techniques
along with tourism logistics management to
Chiang Rai night markets for analyzing tourist
behavior. First, it provides a literature review
toward developing a conceptual framework
and research tools validated for reliability
and then proceeds to collect data from a
sample size of 405 people. After processing,
the extracted data is then analyzed through
algorithms for the identification of behavioral
relationships. To confirm the association rules,
support, confidence, and lift values are used
to verify the importance and reliability of
those rules. The results were integrated into
strategic logistics recommendations, such as
route planning, parking lots, and facility design,
which aimed to enable the enhancement of
tourist distribution and sustainable destination

management, as detailed in Figure 2.

4. Literature review
4.1 Pattern Mining in Tourism

Pattern mining is a significant method of
research that emphasizes identifying hidden

patterns, frequency, relationships, and structures
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in a set of specific data. Pattern mining is a
technique that can be considered very useful
for the tourism industry to understand tourists’
behavior, preferences, and decision processes,
which can hardly be grasped through statistical
data (Park et al., 2020). Using pattern mining
in the tourism industry is considered a trend,
as the tourism industry is looking for solutions
to understand human behavior regarding
tourism and leisure through data. Pattern
mining was traditionally applied to mine
sequential pattern data to understand the
routes and tourist destinations. The study by
Agrawal and Srikant (2022) provided the basis
for pattern discovery in sequential data, which
was used in the tourism sector to analyze the
patterns taken by tourists. The use of trajectory
location data, such as mobile phone data, was
used to identify the spatial structures, key
tourist spots, and travel routes (Yin et al,,
2022). However, a critical limitation in prior
work is that most studies examine destination-
level or route-level patterns rather than
activity-level participation within a single
venue, a gap this study addresses by applying

ARM at the intra-venue activity level.
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Figure 2 Conceptual framework.

4.2 Night Markets as Tourism Destinations

Night markets have become a vital part
of urban tourism infrastructure, integrating
economic, cultural, and social dimensions. Li
et al. (2021) described a market as an evening
pedestrian-only space characterized by food,
handicrafts, and social activities. It attracts
different types of tourists, both local and
international, who wish to engage in a local
experience. In addition, the economic aspect
of the market directly distributes income
among SMEs, mainly benefiting grassroots
development (Liang et al., 2021). Logistics
management integration into tourism planning

hasbecome critical for sustainable development.

Zhu and Zhu (2023) demonstrated how
modern logistics and tourism activities are
interconnected. The fields are related by
means of food, accommodation, transport,
purchase, and entertainment. Therefore, they
ought to be planned in an integrative manner.
In this respect, literature on the integration
of urban logistics and tourism is limited,
particularly in the context of night markets.
Bentalha (2023) mentioned that tourism
supply chain management, in this case, is vital
in that logistics involve the flow of materials
and products from demand planning and

facility distribution in pedestrian spaces.
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Nevertheless, despite the economic and
cultural advantages provided by the high
volume of tourist activities, there is the
problem of managing the crowds, waste
disposal, and noise pollution (Carmona, 2019).
Although previous literature on the subject
focused on the participation of consumers
and spatial arrangement (Jeong & Ban, 2020),
little emphasis is given to the examination of
combinations and relations of activities. This
is particularly noted in data processing to
show the real nature of activity participation
in spatial management for the development
of sustainable tourism. This gap highlights
the need for a data-driven, combinatorial
approach such as ARM to systematically
examine how activities co-occur and reinforce
each other, which this study contributes to
the existing body of knowledge.

4.3 Association Rule Mining Applications

Machine learning developments have
helped tourism researchers overcome
limitations in intention-based analysis and
provide data-driven behavioral discovery
investigation approaches. In this series of
developments, ARM has appeared as an
unsupervised model that can discover data
concerning "co-occurring relationships"; that
is, relationships between transactional data,
as described as X — Y In order to determine
rule significance, support, and confidence, lift
metrics are used to generate activity relation-
ships. This investigation adopted the FP growth
algorithm on the basis of its computational

advantages and its ability to minimize database
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scans as opposed to more conventional
algorithms. In addition, its efficacy has recently
been confirmed for dense transactional data
sets. ARM has significantly appeared as
a technique that can be applied in various
industries, including health, as demonstrated
in support of diagnosis (Syah et al., 2023),
transportation for understanding travel
patterns (Kumar & Toshniwal, 2016), and
tourism studies, among others. In tourism,
these transactional data are applied as
visiting experiences, and "items" are regarded
as tourism destinations or activity bundles,
while mined rules reflect tourist behavior
patterns. (Arreeras et al., 2019) used ARM
technology and analyzed Wi-Fi data to
discover hotspots of co-visited attractions
in Hokkaido that are used for coordinating
transportation. However, to date, there is
limited research that examines the activity-
level behaviors in informal settings concerning
tourism. Moreover, there are still limitations in
the integration of behavioral insights from ARM
technology concerning tourism logistics and
space management, which create limitations
in its contribution to sustainable development
in tourism. This research aims to address these
gaps through applications and implications
for spatial management and sustainable
development. FP-Growth was specifically
selected over alternative algorithms such as
Apriori and Eclat due to its computational
efficiency, constructing a compact FP-tree
that requires only two database scans and its

confirmed superiority for dense transactional
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datasets such as the activity participation data
used in this study (Tank, 2014).

5. Methodology
5.1 Research method

The research employed a quantitative
research methodology that incorporates data
mining with the identification of behavioral
patterns concerning participation in different
tourist activities at the Chiang Rai Night
Market. The research focused on identifying
co-occurrence patterns of activities rather
than causal relationships, making it suitable
for data mining techniques such as ARM with
the FP growth algorithm.
5.2 Population and sample

The research population for this study
was visitors to the Chiang Rai Night Market.
Since there are no official records of the
exact number of tourists visiting the market,
the sample size was determined using the
population formula for Chiang Rai province,
which includes not only tourists but also locals
(5,364,627 populations), estimated using the
Taro Yamane formula. At a 95% confidence
level and a 5% margin of error, this yielded
approximately 400 participants. Data was
collected from 405 participants using a
structured questionnaire.
5.3 Research instruments

A structured questionnaire was
developed to obtain three data categories
aligned with analytical requirements,
conducted exclusively on-site. The first

section, demographic information, eathered

Vol. 12 No. 2 May - August 2026

data on gender, age, marital status,
educational level, monthly income, region
of origin, and vehicle ownership. The
second section of this structured ques-
tionnaire is traveling behavior and aims
at obtaining information related to the
composition of the visiting party, information
concerning the visit, transportation used,
length of stay, spending, information source,
distance of the visited place from the
accommodation, and probability of return
visitation. It also includes activity participation
at the night market, in which the respondents
indicated the activities in which they had
participated that were designed into binary
format (1 = participated, 0 = not participated)
to facilitate the analysis. The structured
questionnaire was tested among 20
respondents, and the reliability of the
instrument was assessed using Cronbach’s
alpha, which yielded a value of 0.812,
indicating acceptable internal consistency.
5.4 Data collection

Data was collected through on-site
questionnaires distributed at Chiang Rai night
market, available in both Thai and English
languages. Data was collected every Saturday
the market was open, from December 2025
to January 2026. Due to time constraints, data
was collected only during that period, and no
seasonal comparisons were made. Responses
were recorded in binary format, as shown in
Table 1. Each questionnaire requires 10-15
minutes to be completed. Respondents were

informed of research purposes and objectives,
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with questionnaires immediately verified for
completeness to prevent missing data.
The collection process ensured adequate
sample representation across visitor segments.
However, this study may be subject to certain

limitations. The use of convenience sampling
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may introduce selection bias, as participants
were self-selected based on their willingness
to respond. In addition, the field survey
approach may not fully capture variations in
tourist behavior across different seasons or

special events.

Table 1 Participation in Chiang Rai night market activities.

Activities Measurement
Dining Yes No
Agricultural Products Yes No
Local Music Performances Yes No
Cultural Learning Yes No
Sightseeing Yes No
Business Networking Yes No
Walking Exercise Yes No
Artworks Yes No
Retro Dance Yes No
Make Merit Yes No
Massage Services Yes No

Note: Yes: 1 = participated, No: 0 = not participated

5.5 Data analysis

This research employed a quantitative
approach to analyze visitor activity patterns
at Chiang Rai night market. The methodology
consisted of two main analytical techniques:
descriptive analysis to characterize the sample
population and ARM to identify activity
co-occurrence patterns.

1. Descriptive Analysis

Descriptive statistics characterized
demographics and general behavioral

characteristics of night market visitors.

Descriptive data includes key demographic
information such as gender, age, marital
status, education, occupation, monthly
income, region, and vehicle ownership.
The descriptive findings statistics, including
frequency and percentage, were used to sum-
marize the characteristics of the respondents
and their activity participation.

2. Association Rule Mining (ARM)

The application of ARM as a significant
instrument in uncovering related activities

among individuals attending the night market
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was very important. The significance of this
technique is based on its ability to unearth
relationships between activities by revealing
those activities that are carried out simul-
taneously more than by mere chance. The
FP-Growth algorithm was selected due to its
computational efficiency and ability to handle
large and dense datasets without generating
candidate itemsets, making it more suitable
than alternative algorithms such as Apriori or

Eclat by using RapidMiner software was used.

Number of transactions X

Vol. 12 No. 2 May - August 2026

To attain applicable rules aligned with ARM
use, three specifications require consideration:
support, confidence, and lift (Tank, 2014).

Support indicates item set co-
occurrence frequency. High support values
represent repetition frequency, meaning
frequent itemset detection. Support is
calculated as shown in Equation (1). This
study's minimum support threshold is defined
as 0.60.

Support (X) =

Confidence value represents condi-
tional validity or probability of item set oc-
currence (Yaman et al., 2020). Its value relates
to transaction sets: something containing X

also contains Y. Relational rules with high

Total number of transactions

Number of transactions include both X and Y

(1

confidence values are considered reliable,
expressed in Equation (2). Rules are created
from item sets meeting confidence and lift
thresholds. This study's minimum confidence
threshold is identified as 0.95.

Confidence (X »Y) =

Total number of transactions X

Lift value measures relationship
strength between activities, indicating greater
correlation than expected if activities were
independent. Lift values exceeding 1.0

indicate positive correlation, where activities

Lift( X - Y) =

Confidence(X-Y)

2)

occur together more frequently than random
chance would predict (Sowan et al., 2025).
Higher Lift values indicate stronger relation-

ships, given in Equation (3).

Support(Y)

3)

[ o L | v a [ ' 14 o/ 4
mumisusaaqmmwmnquamumsmqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

109



110

NIasufuRnsladafinduasdnnatsisu

U 12 atiufl 2 ngunneu - Asvnau 2569

Process

0 Process »

Read CSV FP-Growth

Create Association ...

Numerical to Binom...
]

-

v

exa
w8

inp wa b
]

v

exa T exa
iy
ori fre
v

d

F

Figure 3 Association rule mining workflow using FP-Growth algorithm in RapidMiner.

These relatively high thresholds were
selected to ensure that only strong and
reliable patterns were retained, thereby
reducing noise and focusing on dominant
behavioral structures among tourists. Wang
et al. (2025) studied commonly adopt lower
thresholds, which may generate a large
number of less meaningful rules. In contrast,
this study prioritizes robustness and interpret-
ability by focusing on frequent and highly
confident patterns. It allows for a deeper view
of behavioral patterns among night market
visitors by integrating the descriptive analysis
with rule relationship discovery, as shown in
Figure 3. Above, the descriptive statistics have
been used to understand market visitors and
their general characteristics. Then, ARM
techniques are applied to establish how
market visitors interact with one another,

rules that do not meet the minimum criteria

mentioned above are eliminated.

6. Results

The numerical analysis is of two
components: descriptive visitor characteristics
and results from the ARM. The findings reveal
considerable diversity among night market
visitors and demonstrate strong interconnec-
tions among tourist activities.
6.1 Descriptive analysis of tourist activities

Table 2 indicates the descriptive results,
the implication of which is the diversity of the
visitors. Female visitors were the majority in
the sample. Married visitors were a majority in
the category of visitors who were not alone.
The majority of the visitors at the night market
came with their families, and this implies the
social nature of the night market for purposes

of leisure.
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Table 2 The results of descriptive observational data. (N=405)

Categories Frequency Percent
Gender Male 118 29.14
Female 195 48.15
Other 92 22.72
Total 405 100
Marital Status Single 69 17.04
Married 304 75.06
Other 32 7.90
Total 405 100
Traveling to night market with Alone 74 18.27
Family 242 59.75
Friends 72 17.78
Organization 17 4.20
Total 405 100
6.2 Association rule mining results > 0.95, revealing strong relationships between

ARM analysis using the FP-Growth different tourist activities. The results are
algorithm identified significant patterns in  presented in Table 3, sorted in descending
visitor activities at Chiang Rai night market. 10  order by confidence values to highlight the
rules for relationships were established with  most reliable activity associations.

support values > 0.6 and confidence values

Table 3. Results of association rules for tourist activities at Chiang Rai night market.

Rule Premises Consequence | Support | Confidence | Lift

1 | Sightseeing, Cultural Learning Dining 0.746 0.987 1.049

Sightseeing, Local Music Performance,
2 Dining 0.716 0.986 1.049
Cultural Learning

Dining, Local Music Performance, Walk-

3 Sightseeing 0.620 0.984 1.069
ing Exercise
Local Music Performance, Cultural

4 Dining 0.728 0.983 1.045
Learning
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Table 3. Results of association rules for tourist activities at Chiang Rai night market. (Cont.)

Rule Premises Consequence | Support | Confidence | Lift

Dining, Local Music Performance, Cul-

5 Sightseeing 0.716 0.983 1.067
tural Learning
Local Music Performance, Walking

6 Sightseeing 0.637 0.981 1.065
Exercise

7 | Sightseeing, Agricultural Product Dining 0.612 0.980 1.042
Local Music Performance, Cultural

8 Sightseeing 0.726 0.980 1.064
Learning
Local Music Performance, Agricultural

9 Dining 0.600 0.980 1.042
Product

10 | Dining, Local Music Performance Sightseeing 0.817 0.976 1.060

The analysis produced three key
findings. First, the highest-confidence rule
(Rule 1 confidence = 0.987) indicated that
tourists engaging in sightseeing and cultural
learning have an extremely high probability
of also engaging in dining activities. Second,
dining featured prominently as the consequent
activity in seven of the ten rules, confirming
dining as the dominant subsequent activity
in the night market environment. Third, the
most frequently occurring activity combination
(Rule 10; support = 0.817) demonstrated
that tourists participating in both dining and
local music performances had a very high
probability of engaging in sightseeing. All lift
values exceeded 1.0, indicating positive
correlations among activities, with the highest
lift value (1.069) observed for Rule 3 involving
dining, local music performances, and walking
exercise.

Table 3 shows that there are two

activities that stand out as the most frequent

patterns: dining and sightseeing. For example,
the network diagrams in Figure 4 illustrates
dining as a central node strongly connected
with {sightseeing, cultural learning = dining}
(Rule 1), this rule demonstrates that dining
serves as both a primary and complementary
activity within an integrated tourism experi-
ence. Each node represents a tourist activity
observed at the Chiang Rai Night Market. The
circle size corresponds to the support value
of the association rule, where larger circles
indicate higher co-occurrence frequency.
The number inside each circle represents
the rule number as listed in Table 3, with the
first value indicating support and the second
value indicating confidence. Arrows indicate
the direction of the association rule, from
antecedent activity (premise) to outcome
activity (consequent). The label format within
each circle denotes (support, confidence) as

reported in Table 3.
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Figure 4 Network structure of tourist activities associated with dining

at Chiang Rai night market.

Another example is shown in Figure 5. pattern where experiential consumption and
sichtseeing as a central node {dining, local  visual exploration reinforce each other within
music performance — sightseeing} (Rule 10), the night market environment.

reflecting a highly interconnected activity

Dining i Cultural

Learning

!

Rule8
(0.726, 0.980)

N

ightseeing |
/

(0.817,0.976)

/

Walking
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Rule6
(0.637, 0.981) Local Music

Performance

Figure 5 Network structure of tourist activities associated with sightseeing

at Chiang Rai night market.

6.3 Behavioral interpretation of activity order to offer deeper insights. The findings
patterns show that eating is a key component of the
The identified association rules were  night market experience. Dining is a part of

interpreted from a behavioral perspective in  a larger series of experiences that include
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entertainment, sightseeing, and cultural
education rather than being a stand-alone
activity.

There are several possible explanations
why tourist activities tend to cluster around
dining First, food represents both a basic
need and a key attraction, making it a natural
focal point for visitors. Second, dining areas
frequently serve as spatial and social hubs
where visitors congregate, relax, and socialize,
which raises the possibility that they will
participate in nearby activities. Third, tourists
are encouraged to combine dining with
cultural and entertainment activities because
its food and cultural performances enhance
the dining experience. Furthermore, the
market's layout makes it easier to move
between the dining areas and the surrounding
areas, which supports these patterns of
activity.

Theories of tourism behavior can help
us better understand these findings. According
to Pine and Gilmore (2013) and Oh et al. (2007),
tourism activities are organized as integrated
experiences where consumption is closely
associated with the creation of emotional,
cultural, and social value. In this situation,
eating is an essential part of the whole
experience rather than just a practical
activity. According to Li (2004) and Testa
and Sipe (2012), consumption-based tourism
highlights that traveler behavior is motivated
by experiential consumption, which combines
food, culture, and social interaction into

integrated experience bundles. Therefore,

U 12 atiufl 2 ngunneu - Asvnau 2569

the observed co-occurrence patterns reflect
a broader behavioral structure in which tourists
engage in interconnected activities to
construct meaningful and immersive
experiences, rather than participating in

isolated actions.

7. Discussion and conclusions

This study extends the understanding
of tourist behavior in night market contexts
by employing association rule mining (ARM)
to identify specific co-occurrence patterns of
activities. The results support earlier studies
on pattern mining in tourism by confirming
that visitor behavior is not a private event
but rather takes place in integrated activity
bundles (Park et al., 2020). While previous
research highlights the multifunctional role
of night markets (R. Li et al., 2021), this study
further shows how activities are behaviorally
interconnected rather than just co-located.
By connecting these findings with existing
literature, the strong association between
sightseeing, cultural learning, and dining
supports the idea of structured and repeatable
tourist behavior patterns.

Dining is central to the night market
experience, is deeply embedded in the
night market experience, and fosters social
interaction alongside other activities such as
sightseeing. This strong association with
cultural learning indicates that tourists value
authentic experiences more than mere
consumption. Therefore, this synergy

reinforces the meaning of participation, making

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

dining a key link driving broader engagement
within the tourism framework. The theoretical
implications of this study are significant, as it
contributes by supporting a shift from isolated
activity analysis toward interconnected
behavior systems and demonstrating the value
of data-driven approaches like ARM in
uncovering latent patterns. The study
also made a significant methodological
contribution by connecting visitor behavior
with spatial and logistics planning frameworks
(Zhu & Zhu, 2023).

8. Recommendation
8.1 Recommendations for implementing

1. Dining-centric spatial configuration
based on dominant participation patterns:
From the descriptive analysis, it is evident
that dining and sightseeing are the most
participated activities. In addition, based on
the association rule mining analysis, dining is
found to be the most central activity with the
highest support and confidence values.
Accordingly, dining facilities should be spatially
distributed throughout the night market
and integrated with main tourist routes to
accommaodate the high number of participants
and facilitate efficient visitor flow.

2. Strategic Co-location of Cultural
Activities with High Traffic: The results of the
ARM show strong correlations between the
activities of dining, cultural learning, music
performances, and sightseeing. Furthermore,
the descriptive results show significant levels

of engagement with these activities. This

Vol. 12 No. 2 May - August 2026

implies that cultural performances and
cultural learning activities should be
strategically located close to the dining areas
and areas of high traffic.

3. Infrastructure allocation should align
with activity clustering patterns: The identified
activity clusters, particularly those related to
dining, tourism, and cultural performances,
are likely to attract large numbers of
tourists. Therefore, market management
should allocate supporting infrastructure,
including seating areas, waste management
facilities, and service facilities, based on these
clustering patterns.

4. Policy recommendations for
sustainable management: Night market
authorities should implement a zoning system,
designating food zones as central thorough-
fares with adjacent cultural performance ar-
eas. This aims to increase visitor flow, reduce
congestion, and enhance the overall tourism
experience. Investment in infrastructure such
as seating, waste management, and lighting is
also recommended.

8.2 Future research direction

1. Study the patterns of tourist activity
at various times of the day and in various
seasons to account for dynamic patterns.

2. Compare activity patterns in various
night markets across different regions in
Thailand, which would reveal similarities as
well as unique features regarding each place.

3. Explore the impact of identified
activity patterns on tourist satisfaction,

spending behavior, and intention to revisit,
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and establish causal relationships into the
analysis to better understand the economic
implications of activity patterns.

4. Conduct comparative research on
various correlation algorithms other than

FP-Growth to determine their relative strength

U 12 atiufl 2 ngunneu - Asvnau 2569

5. Tourist clustering using integrated
analysis methods. Future studies may
combine descriptive variables with clustering
and correlation techniques to study variations
in activity participation patterns among

different tourist groups.

for tourist pattern analysis.
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Factors Influencing the Performance of the Organic Agricultural Supply
Chain in Southern Thailand

Ampawan Nupra-in' and Mathinee Srikan**

_

This study aims to (1) examine the factors influencing the performance of organic
agricultural supply chains in Southern Thailand, and (2) test the causal relationship model
among these factors using Structural Equation Modeling (SEM). The research adopts
a quantitative approach, collecting data from 400 organic farmers. Data were analyzed using
descriptive statistics and inferential statistics, including Confirmatory Factor Analysis (CFA)
and Structural Equation Modeling. The results indicate that the model demonstrates a good
fit with the empirical data ()}2/df = 1.067, GFl = 0.929, CFl = 0.996, RMSEA = 0.013, SRMR = 0.074).
All latent constructs exhibit acceptable levels of validity and reliability. The findings reveal
that production management, collaboration, organic certification, differentiation strategy,
and customer responsiveness have significant positive effects on supply chain performance.
In terms of effect size, production management has the strongest influence ([3 = 0.483),
followed by collaboration (B = 0.399), organic certification (B = 0.307), differentiation strategy
(B =0.270), and customer responsiveness (B =0.219), respectively. Collectively, these variables
explain 73.60% of the variance in supply chain performance (R? = 0.736). The findings suggest
that the performance of organic agricultural supply chains is driven by a systemic mechanism
arising from the integration of multiple critical factors, which together enhance efficiency in
terms of cost, quality, speed, and flexibility. This, in turn, strengthens competitiveness and
long-term sustainability. Notably, the study identifies production management as the most
influential factor, which differs from prior research, and highlights the expanded roles of

collaboration and organic certification as strategic mechanisms within the supply chain.

Keywords: Performance, Organic agricultural supply chain, Southern of Thailand
Type of Article: Research Article
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Usvaruauiiduszadninmgivanainuandd
anduu uaziiiuaumguilunisnevaues
FOANNADINITUBINAIR (Abeysekara et al.,
2019; Baah et al, 2022) uenani Avusauile
gedrasuasienulinga anulusdla wag
nsinaulasiuiuseningm Fadubadudfey
AaNTRRIUIHANIALTLIUYRYgUNIU (Teng
et al, 2022)

TUUIUNYIDIEUA LN EATIUNIY AUTINE
fiaudAgds Weswnnszuiunisuda n1s
U5 NM5wUsTU wagn1sdIndmirefedende
miﬂssmmmaEhﬂﬂé’%mijﬁﬁfi’awﬁwﬁaq
Wiglvanansasnuinnsgiudud anuvasnde
289919115 kagANaIuITaluNITRTIvEe Y
founduldnaoniisladgunu n1svhaiusauiy
fifiusransamTagasanainudes Wiiuaay
Undedovewmaning uazsenseiulszansnim
vaalggunulagsiu (Belhadi et al., 2024; Chen
et al.,, 2023)

o annsummssanssuiAgades
aunsaduaTesiladn anusuilelunalndfny
feaeasuasninisusyauay n1suaniudey
Taya uazn1sandulasiniusenineauidn o
flunumdrddenisiiukan1siuinay Ay
a1u1salunisnevaues wazAusedures
legunuduAnunBunse
5.4 NM353UTBININTFIUNBATOUNTY (Organic
certification)

N135U58IWNIFIUNEATOUNIE (Organic
certification) 1 unalnddnfildinuauas
M5IEBUNTEVIUNISNARFUANNwATTITTulY
AUTafIMUAR1UAINYABANY ANATN LAY
Arudsduvessyuuemns TnsnsouAquAILANIS
AnLdeningAu NIrUIUNTHER N1SUUTIU N3
Jaufu uaznsvuds e liiuleinduddannm
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Lazaonndaiutorusvamaaalulspne
wazsaUszna (A et al, 2017) el nMs¥uses
ipsgruivihdunalnlunsaueilusda
wazauyndedelifududiomsuazdudn
WnensRaenlygUn1uluyuueIveInIsuTUIS
Tggunmuonns mssusesnaspiuiodueiedle
ARy AT I8AIUANLATENTEAUAMAINYB Y
RS Le91nnsrUIunsTuTetdetende
ig‘uumimwaa‘uLLazmimuqu@mmWé‘%m
Futhaudsansih danalvignananuisasne
11A5IUTesAUR Azt AUl Y

1

fuslaald (Song et al, 2017) uenainii n1sd
spUUMsTUsesTiiunndsativayunans
FIuUYeIDIANT HIluALANIAAIN A2
A10130 M UNMTLUITY KAENITVLILAINVBIAUAT
9IMskarAUANYAT (Kristanto & Kurniawat,
2025)

dwSuusunvesduAnunsdBunse n1s
Fusewasgruiunuimdidglunisguduin
nszuaunsudsnduluaundnnisinuasdunse
Wi Mavanasansliansiadidansizsi n1sinw
aunavesszuuiling uagmsndaiduiingde
dwanden Fetheiunimlusdavesldgumu
wazai1sanudesiuliiuguslanlusunanimn
uarANUUaeANY

nNsAnwIuIfeiifeatesanunsn
A1A3139ALA91 N155UTINITFIVAUALNYNS
wazemnsidunalnddgyiivasiudunaninues
wandel adrsnnudesiuliiuguilan uas
atvayunsvauUssansamveslyguniu
Fahlugnsfinanuanansalunisudadues
2IANThUTTELEY™
5.5 NAENSN13A319ANNUANGNN (Differentiation
strategy)

NagNSN1TAS19AULANEAY LTURINS
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NIasufuRnsladafinduasdnnatsisu

Fanagnsfiean nsldlunisiauinan fouel
wieuinslviinadnuazianiziunns199in
guyaduy tieadequanfindnliiugnan
wagtasuas19aula S eunIenITua 9
1AUAINULANAIIFINE I8 AAIINAUNIN
VOIHNANAUY UWINATIN NITUIUNITHER 13D
AudnyzsuALETY Feannsndieiiiuyan
TnvauAuazduasuUsednsamnisa iy
Y99DIANTIUTEELE1T (Hossain et al., 2025;
Navaia et al., 2023) TuuSunv8In U ITY
n19gIna nagnsnisasisauwanasiiedu
nalnddnyivaeliesdnsanunsafvunsiumivs
NaNIsRaaLazas 19au U s Ul 9y
Tnansinauendnsaueiviousnisiifiendnual
LANIZANNNTONBUAUBIAIIUABINITUBIGNAN
loAndneudetu LA iLNAN ALV
03AN5 MURIUNITABTN N15EID8N UAZNNS
a%’mgaml,ﬁﬂﬁﬁ’uﬁuﬁw (Arslan & Can, 2025;
Hossain et al., 2025)
AMFUUTUNYRIEUA N YATBUSE NagNs
Asaseauuana1afiunumdrdglunisiiy
YAAIYRINAN A N uAIN BTIANIE LYY
AUNNELA ANUUABATEYDIDIMNT NTEUIUNNT
nanTidudnsreduinday Lazn1sneauALes
AisfesnsvestfuslanilinnudAryiuaun

a 17

wazaudiy 6‘?5@511'3aiﬁﬂmammmmaiwmm
Toawiuresdudtnensdunidlunain waziiy
ANAINITATUNITWYITUTDITIARNYATUAL
Tggunuemsldegisdsdu (Komor et al, 2025;
Navaia et al., 2023)

Fay 9nnsAnIuITeTiieades
ANUTFUATITI AT NAYNTNITATIIAIY
wansnadutedudfnivasliesdnsaiunse

WaAuaNvLan1vvaNanduel Liuyan
Tiduaunn waziasuasieauaiuisalunis
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udaduvesgsia Bsflumumddasonisenszdu
Han13AiuaIuYesgInanunskazldauniu
FUAINEATOUNSTIUsEaze1d (Arslan & Can,
2025; Hossain et al., 2025; Navaia et al., 2023)
5.6 A8 11150TUNITABUANBIGNAN
(Customer responsiveness)

ANAIN1TlUNITADUALBINAT AD
AYNAINNT0vesRdANIuTalY aUnIulunis
MOUAUBIFBAIIUA DINITVBIGNAUALANT
Wasuulasveanaialdog19saniuazil
Usednsnn lagendunisusvauaunuteya
Aanssu waensnensseninauBnlulgguniu
wielifanunsauunszuiunmsnda nsediuay
WaEN13dINBUAUATITADAARDINUAINNABINTS
¥890a1aLA 88 19N UN 9T (Yu et al.,, 2019;
AL-Shboul, 2022)

Yonntl AmuanusasinantiEsioud
Angnmeedlggunilunisusudsteninuiiumiy
Y93gUaIAKkar AN lIKIUUYDIANINILING OU
45573 (Nenavani & Jain, 2021) Tuu3unves
AANSINEATOUVISE ANUEINTOIUNITRO VALY
gnAndinuddny 1lesndudinuasdunid
fidnvauzaniz 1wy anuanlnl 81gnisiiiu
Snwidu wazduslaalianuddyfuganin
auUaends wavaudsdureanssuiunsnan
ey fusgnounisluldguniuisdestinng
USTAUNUAUTBYA NITINUNUNITHER Loy
n1sannsladafndedefiuszansan el
A1UN0EINBUAUA LA NTINIUAIIUADINITUD
paaLaziinAudanguvedldguniu (Munir
etal,, 2022, NSB et al., 2025; Siagian & Johono,
2022)

9INNSEUATIERITTUNTTY ThRLTiuan
Auannsaluntsnevausgnddudnenin

Y]

drfyvedldgumuntisliesinsaiusaususn

o
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AOANADINITIIRANLARY 19T UTEANS AW
wazidunalnddgfidenlesdnanindiunis
ANl gUMUAUNaNITAL I UkaEAY
#anolavesgnen (Emon et al,, 2025; Das &
Hassan, 2021; NSB et al., 2025) lngianie
Tuldgunuaudinunsdunidndesmevauss
AOAIUADINITVBIUTIAAATUAMAIN AU
Uaondy wazaudifuvesdudn Jeidiudae
iasransnmveslegunulasiaduainsay
anansalunsudstuvesiusznaunislussezy

6. A5ANTUNTIVY
6.1 3ULUUNSITY

n RS unsidedeUiuna (Quan-
titative research) Ingl4n153981%961523 (Survey
research) tiloAnwAnuduiudiBsanimnszning

a |

Uadenidvsnadenanisaniivauvedldguniuy

a 6

NEATBUNTE WALNAFRUANNAFIUNITITEAE
N5IATIEAlUAaENNISlATIES1e (Structural
equation modeling: SEM)
6.2 Usznsuasnguiegng
Uszrnsiildluniside aun nensns
Q’wﬁm?ﬁué’wLﬂwmﬁuw%ﬁuﬁuﬁmﬂiﬁ%q
Uszwalng 91uau 42,568 519 (Office of
agricultural economics, 2024)
NauAI9E19lALAITATUIUIUIAAIBE S
AIULNTINITANNUADINATLIUNITITLRDS LAY
Frurunguiiegne 10 winduusiidannald
(Hair et al,, 2010) d1wu 33 fwmds langu
f19819 330 19 %aﬁ%ﬁmﬁ’mﬁm%ﬂ 21.21%
Faléndusegieionun 400 3
6.3 \w3nsdiedde
nsiseafaillduuuaouny Wundesdle
Tupsiiusiusiudeya lneimuiwuuasauny
INNITNUNILLUIAG Nud wazaruided
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Aeades Fawuvasuaulszneusiedoman
P TaFuUsura $ruau 33 do Taenisdans
MsWan ladaAiniuunan Afum et al. (2020)
WU 5 T drwnnusiniie ladeAaiuniain
Abeysekara et al., 2019; Cao & Zhang, 2011)
WU 6 10 d1mTUNITTUTRINIATTIUNYAT
dunsd ladamaiuain (Kristanto & Kurniawati,
2025) 91U3U 6 U8 dIuUNaynsnITaIIInIy
WANANY LAYaA1nININ (Hossain et al., 2025;
Navaia et al,, 2023) §1uau 5 98 Fapuanunse
lumsnavauasgnA ladainiuuain (Munir
et al, 2022; Emon et al., 2025) 47U 4 U9
warganitenanisandusuvesldguniu la
UYaA0IUN197N (Baah et al,, 2022; Um & Oh,
2020) 913U 7 99 laglduinsinuuy Likert
scale 5 5¢AU
6.4. N1IATIVADUAMININLATOINBATBNAS
Y35 TINluNYEd
WUUEBUAIULASUNITATIEDUAINUATY
Fadlom (Content validity) TnegiTeamy 5
viy TnediAndviimuaenadaseien (10C)
98/5¢113190.60-0.80 MnntunadeuALderiudie
AndulszAnsusanivosnsouuia (Cronbach’s
alpha) (Cronbach, 1951) fiunaunaagd 30 578
nawuindaranudesiuindu 0.877 dseglu
nasisensuld Aouthluldifudeyasss 34
3YFITUNITITUNIUNITFUTOIANAULNTTUAT
338555158 Ny BE UM ING R T1AY)
431995571 18338555U SRU-EC 2025/133 e
Jufl 1 Sueu 2568
6.5 M3iiusIuTINdoya

Ya o o

Qa%mLﬁumsLﬁUi’JUiam’fagamﬂﬂq'u
F19819PNUTURDUNNINUA LABINNTINUIED
YOOUYINAINUNTINGIFE 1A AT 188 57 TNe

P lUlglunmsesemieanunseanulsznaunis

[ o L | v a [ ' 14 o/ 4
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a

fuunguiiegne anduldfndeduinisvie
Junuvesmiissuiioveanueyaszlunis
Wudeya wazdnfunissiusiudeyalaeld
wuuaeunuduadesdiondnaeluszesiaan
fitvun siadl §Aduldnsiaaeuaugndes
LAZAIUATUNIUVBILUUADUANA DU DY
fanysalluldlunsiesevimeaiaseld
6.6 NM13IATIEIT0YA
afaflflumsiinszsiteya loun admd
nssuu Lioaunedoyaiugiuveandguiaegis
oA msmn¥esay Auade uarnsiingzilag
Iatfdsoyuu Msldmaian1sinszilumg
aun13lAsEie MTIATiesRUsEno By
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(Confirmatory factor analysis) \iensndouny
psudelaseasiesesausenavlunuudians
AUNATIY NMTIATIRANUEUTUS WA Lag
UsganauA e e3anikuudnaes (Parameter
estimation from the model) mﬁmiwﬁﬁi’fa@ga
Mnnguiegaiiemdmisfines 1neldas
nsUszanuAuuuIsladiangagn (Maximum
likelihood: ML) sieantuusziiulananisia
(Measurement model) mmﬁmm\‘iﬁﬁ%mﬂ
(Discriminant validity) waziAs1zRnsnanis
AITIVOUAUNIILENS (Path analysis) AudIdu
Tneldanadinaaeuiinauslunised 1

A1519% 1 LNUIIATIEINISUTEIUANNADAAADILULAA

futinaudannaeg \neuaiiily 81999
Chi-Square/Degree of Freedom (ChiSq/df,) <30 Kline, 2016; Hair et al,, 2010
Goodness of Fit Index: GFI > 09 Hair et al., 2010
Root Mean Square Error of Approximation: < 0.08 Browne & Cudeck, 1993; Hu &
RMSEA) Bentler, 1999
Comparative Fit Index: CFl > 09 Hu & Bentler, 1999
Tucker-Lewis Index (TLI) > 0.9 Hu & Bentler, 1999
Normed Fit Index (NFI) > 0.9 Bentler & Bonett, 1980; Byrne, 1994
Standardized Root Mean Square < 0.08 Hu & Bentler, 1999
Residual: Standardized RMR)

7. NaN1338

7.1 wamsAanzideyaaly
drounuvasuniudiulngiduneaye

(Sowaz 55.0) agluyeny 41-50 U (Sewae

29.5) dnFansfinwiszaulszoudne (Sesas

28.2) fiszaunsalvinnunsdunsd 4-6 U (Gewar

26.8) Melladannsiinunsduvidoglutag

11,001-20,000 unseiiay (Segay 30.5)
Tnonandninunsdunidndnfindnuniignie
naliidunse (Fovaz 21.3) wazdlnglasuses
1RsgIUNYRTBUNTS (Feway 77.8) vaizd
Foansnsimenandnilduiniian Aonns
Ineruteanseeulau (Sevay 27.8)
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7.2 nan15IATZRAMUATLTdATEdeves Audeiu CR waz AVE 909u195TadauUs
Tuwanisia (Construct validity) TULAAUITIHNANTITIATIER WU FAMUTURS
7.2.1 MIwaenanuesilunsin yndafidminntnesdusenovoglunasivioousy
nsiseededlavinnisnsiedeununss 18 wandldiiuinlunanisiaiiaanunsads
Felaseadrawadunanisialasldnishaszy  lassadsimunzay waziluldlunsiasizi
ssrUsznaudediudu Tnednssdaunsiias  luwadunislassadns dauslunisd 2

A1519% 2 HANISILATIZITAINUASILAZAINULTDNY CR WAz AVE U99U1n5infkUslauLma
WY

fianUs fiankUs Factor Cronbach’s CR AVE

Fanald loading >0.6 alpha >0.7 >0.7 >0.5

NFIANITNITHER PM1 0.870 0.945 0.926 0.715
(Production management PM2 0.868
: PM) PM3 0.875
PM4 0.848
PM5 0.762

ANmLe (Collaboration COL1 0.794 0.956 0.911 0.631
: COL) COoL2 0.783
COL3 0.739
coL4 0.791
COL5 0.828
COL6 0.827

mi%’maammgm OCERT1 0.842 0.959 0.942 0.731
NENTBUNIE OCERT2 0.878
(Organic certification : OCERT3 0.868
OCERT) OCERT4 0.868
OCERT5 0.821
OCERT6 0.851

NAENSNITATINAILUANGTY DS1 0.779 0.945 0.875 | 0.600
(Differentiation strategy: DS2 0.766
DS) DS3 0.768
DS4 0.715
DS5 0.790

[ o L | v a [ ' 14 o/ 4
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A15199 2 HANITILATIERAMUATILAZANMULTENU CR Lay AVE 993u1a5induusluing

U798 (61D)

AU fianus Factor Cronbach’s CR AVE

Funala loading >0.6 alpha >0.7 >0.7 >0.5

ANEINNTAlUNNTNRUALDY CRES1 0.774 0.952 0.840 0.600
anAn (Customer respon- CRES2 0.752
siveness : CRES) CRES3 0.784
CRESA 0.703

HanTsALuUlggUNIL PERF1 0.808 0.958 0.925 | 0.638
(Supply chain performance PERF2 0.774
: PERF) PERF3 0.776
PERF4 0.780
PERF5 0.829
PERF6 0.852
PERF7 0.768

NA15197 2 i esTesaudsTulinea
suATeyndfidndminesduseneu (Factor
loading) guminnasitusiiiiuual i 0.60 Tng
fiAvanuintu 0.703 wazAigsgaindiu 0.878
Faaonndosiudaiauauuzuas Hair et al. (2010)
fiszyinaniminesduszneuaisiianunnnd
0.60 uandlifiuingausiyndfinnumnya
Tunsesuiesdsielslulunanisin

Uena i HamMIIATIEAS MU FrAana
BesusanresiinUsuds (Composite reliability
: CR) vosnduusia1gsndn 0.70 Tnefidnge
Winfu 0.840 wagengaaawiniy 0.942 Faduly
AL Fornell and Larcker (1981) i@uslisn
A CR Aasdidnuinndn 0.70 ieagioudaniny
Feruvewasialusyduiivensuldludiuves
AduUsyavsuearvasaseuuia (Cronbach’s
alpha) #Wu31 4195IAAUINARINAININNTT
0.70 InediAnsamwiniu 0.945 uazAgsaawiniy
0.959 B4gandnnausii Nunnally (1978) uugiiild

a

wanslfifiud 1uinsInfauUsianunailaany
aonadosnelunaziimnudesiueglusedudinn
ety Anedsvesaunlsusiudiaiale
(Average variance extracted: AVE) 30anniauUs
fifnunnnin 0.50 TneslAdngaiiniu 0.600 uaz
Agagawindu 0.731 Sadulumunasifiaus
1m® Hair et al. (2014) and Kline (2023) @zviau
THfudnunsTasusiianudissmsadaussau
Tuseaufimnzey

Fau 91nwan1sItAsIERAINRSILaY
anuideriuvewnasia aunsoasUlidn nesin
Fudsnomualulueanuisedinnuisnss
wazaudesiuluszduiisousuls waziiniy
wingavdmsuihlvldlunmsiesgilumagunis
1Aseasnenaly

7.2.2 MTIATIERAINIIUATITITLUN

mMATeRlanaaunTelasasessudu
FBINTIVFBUAIIUATILTITUNVBIAILUTUEN

WDTUTUINAILUSHARLFILAULANAIIAUBE NS
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Faau §I3u3aldinauives Fomell and Larcker

(1981) warA" Heterotrait-monotrait ratio of
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correlation (HTMT) @nuLuIAnw09 Henseler
et al. (2015) Buauslunsned 3

M15197 3 NMIPTIVFBUANUELNUSTENINLUS (Fornell-Larcker criterion)

Fornell-Larcker criterion

PM CcoL QCERT Ds CRES PERF
PM 0.846
coL 0.143 0.754
OCERT | 0.162 0.153 0.855
D5 0.147 0.221 0.169 0.764
CRES 0.242 0.171 0.178 | 0.181 0.754
PERF 0.615 0.563 0.450 0.462 0.445 0.7959

a ¢ a v &
NANNSIATIZNANAS197 3 taeldunous
Fornell-Larcker criterion Wu11 AN51INAEBIUD
| a A oy ) |
ANLRAYANUWUTUS NN LB MU S say

o A e a £ v o su o
FILAEIN AU TTANTANAUNUT AU LU WA
= !

BUNINA

9 Y

Tngregluzig 0.754-0.855 Faganinan
andusiusszvinsfauusudeiiegluge 0.147-
0.619 uansliifiuindaudsunaimmniiniunss
Basuunluseiuiivanzay donndasiuinas

999 Fornell and Larcker (1981)

UeNING NAN1INSIVEBUAILATILT
FUUNAIUAN Heterotrait—-monotrait ratio
correlations (HTMT) WUIAIANMENNUS HTMT
vesfuUsueangiiaimninnasiidinualy
wanslifuilunansinflanunsadesuuni
Wgenwauazanunsatlulelunsimszilung
aunsiassasialaegnamunzay (Henseler et al.,
2015) thiauelumsnsii 4

Wli']\i‘ﬁ 4 Heterotrait-monotrait ratio of correlation (HTMT)

Heterotrait-Monotrait Ratio of
Correlation (HTMT)
PM COL |OCERT| DS CRES | PERF
PM
COL | 0.145
OCERT | 0.161 | 0202
DS 0.151 | 0.229 | 0.168
CRES | 0241 | 0171 | 0181 | 0.179
PERF | 0617 | 0562 | 0.493 | 0.464 | 0.448

[ o L | v a [ ' 14 o/ 4
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NANISIATIZNANNANTN & WU AN

q

e eD_

FauUsiia1sinda 0.80 agedaau Tneiiaie
Tug1958W319 0.145 89 0.617 FeUs¥InFus
uHauraziianuwananeiuegialudasy way
laifianugeuiuiuludaufn dwalrlaseasn
Tuwaiinnunsadswunlussiuiimanea

6l PM1_ g l27
0.75
@ PMZ g7
077 8!
E)— = PM3 s,
E)—m T
o PM5
063
e CoL1 Q7
e)— = CoL2 0
P 077
) qois 079
0

PERFT Iy, 25

-

9 —
= DERE
PERFT
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7.3 NANT5ILASIZWBIAUSENDULT B UG
(Confirmatory factor analysis: CFA)

HaN1TIATIzResRUsEnauBaBudy &
Usenouluniy 33 ToA10u KaN1SIATIZA WU
luwasgluinausigensuld aunsaasunanis
Ap5z9i Yrauslunmi 2

PM

0.15,

coL

0.16

0z0
0.15

o
vZo

OCERT

L1,
Lo
290

810
asa

DS

6Y0

CRES

av'0

45

PERF

A Y%/df = 1.040, A GFl = 0.930, A1 CFl = 0.998,

A1 RMSEA = 0.010, A1 TLI = 0.998 , NFI=0.947
UazA1 SRMR = 0.032

a a ¢ 13 a A o
AINN 2 NANFUATIEVIDIRUTENBULTIE UL

HANITIATITRIINAMT 2 WiaRersan
pastinnuganAdeInaunduvedluag wuan luea
finuaenadssnauniuiutoyaidelssing
\Hosanilensiiauaenndewiaun 5 duild
Wunaeiniseensula Ae A1 Y%/df = 1.040,
A1 GFl = 0.930, A1 CFI = 0.998, A1 RMSEA =
0.010, uazA1 SRMR = 0.032 ety Usiinluma
AANURLNE

7.4 MINTIVADUAULDULD YIS 152 T8
75393 Common method bias
AIdelansisaeutymiainueowdysain
n15l5eL8uissIn (Common method bias:
CMB) 1agl435 Harman’s Single-Factor Test
AULUIAAYDY Podsakoff et al. (2003) WIUNT
AATIETeAUTTNOULBIE TR UL vy ULy
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Customer Segmentation Using a Hybrid Approach of K-Means Clustering
and RFM: An Online Retail Case Study

Sivarak Kijwattanaphokin' and Lanlalit Lhaochot™

_

Traditional customer segmentation methods are inadequate for understanding complex
consumer behaviors, as online shopping requires extensive data analysis. This research aims to
formulate a hybrid customer segmentation methodology by amalgamating RFM scoring with
K-Means clustering, employing a dataset from a genuine online retail transaction consisting of
406,573 records. The research methodology encompasses data cleansing and preprocessing,
the computation of the Recency, Frequency, and Monetary (RFM) variables, and data
normalization. We use RFM scoring to put customers into five groups and K-Means
clustering with the Elbow method to find the best number of clusters to put customers into
four groups. The findings demonstrate that RFM produces distinct and intelligible groups
relevant to practical situations. K-Means, on the other hand, wants to find deeper structural
differences between customers. This is especially helpful for finding customer groups that are
worth a lot. Using both methods together makes customer seementation more accurate and
complete. Online stores can use this information to plan their marketing, keep customers, and

increase the value of their business.

Keywords: Customer segmentation, Machine learning, K-Means clustering, RFM,
Online retail.
Type of Article: Research Article
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4.2 nsuvsngugndndaenisiSeudvasiasas
(Machine learning )

NSWUANgNaNA1AIL3S Machine learning
nanenduuuameddnjlugafigsiaduaneoulay
TfeyagnAUIinamumena wetansinngunuy
Lyififeron (Unsupervised learning) 4w K-means,
DBSCAN, uag Spectral clustering gnuunld

= £ A
VTUIUATIVIVIITINTEY

5 m ow o A ' &
ﬂFIU']U'E"UFI'—I‘I-'TEN"HEI’LULLHﬂEFl'id

FATEEMIETaELA T

ileszyngAnssugnAfidudeuaindeyagsnssy
LAENEANTIUUULNAANDSUATIVE (Kajornkasirat
et al,, 2024) 1ATgargAdadnIHawnATla
wuuleuiailorfisdseansainnisutengs 1wy
MsTumanesanesfudnfsiuiledangugn
wuuBealnsduuunanosudneuisy Fevaely
#1311309ANTAUAIUNURIUYBINGANTTUGNAN
1§RBatu (Mahboob et al,, 2025)

uonandl SsfleruAnuniiuszgnd ML fu
ToyaiivesgnAilovsnefidlunisuvangs
Inglddoyatoninu (Text) kagn15iAsIEH
\W@aAUFAN (Sentiment analysis) $aufiu
clustering Lilov13ULUUNAANTTHLAZAIL
AnLfiuvesgnan fegradu mMsAnudileds
AATENTIFUA AL IANFUINAIAINTBLATI?
ooulat demeligsiadlernuveunazusegdle
vosgndnlddnaudu (Das and Biswas, 2025)
MAeEinaRnfufUanosulaviomui
A5ty RFM $2uAu Clustering @unsanen
Segment I¢fegnsilfoddny Tnedingugndni
uanamAnTsuNSTeusyamiismiuognsdniau
Fududoyaddydmiumsnaununismanauas
ﬂaqwﬁ‘miﬁ'amﬂwu Personalized (Wong et al,,
2024)
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NIasufuRnsladafinduasdnnatsisu

Tngsan auddeluyeiinuuinans
T iiufan1sWau1ves Machine learning
d1msuSegmentation luusundroudsgens
sorles aludunisusulsedaneiiiu nauia
A g g AN signAINdayac 33
N15UsEynAltUWINImaelia Wy N15ATIEN
Fhusenninssuniste welinisutangugndn
fanumineuazanunsadlUlddainagnslaass
4.3 yAseilieataq

miLL‘U'ﬂﬂﬁjﬁ,JQﬂﬁﬁ (Customer segmenta-
tion) Wunalndfayiivaelesdnsanunsavinany
dlaanuvainvateveamgAnssuguslan wag
poNLUUNAYVEMINInanTidenndosiudnual
wrnzvasusiazngulaegsdivseansam Tuusun
veagsnan1vaneeuladifiteyaginssuuaz
NANITUNAT NN NMsUsEENAldnailn
nlasevdeyauLay Machine leaming laldsn
funumdAglunsimuinssuIunIshuIngy
anAlilianuududuazas o ungAnIsuass
1189t rrsaunsalutimmsTuiiiunuans
Tifudsnsiasusianuumsiaiuiiends
faulsiugiu 1wy RFM lugnisussgnald
danea3iunisinngudeyanalesuuuy sauds
nssanumAatia Data mining WlalfisiAnnsaLNge
lun1sefurednuugretiavnguandl agsls
fonu ufuitessdisnuiuiy uidasd

¥ o w

YBINNALUAUANUNUNIUYD NS NTUTELTU

a [

LAfYININVBINANITIANGY Lazn1sideules
nadnsgnisuszendliiBanagnsegradusyuy
ASeRAseesuesisandonselul
Wedel and Kannan (2016) 85U18UNU™
989 marketing analytics quv-ﬂﬁaﬂﬁﬂiﬁaﬂl,w%@

fudayadnuiuumeaaanunannasufdvia ag

Fliituiinslinszideyagnan 1y nsudangy

[

anA1 (Segmentation) Lazn1511 Personalization

Y
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Limsgnueaduiisardesilomamaiia usidy
ANuEINsaLdanagnsivai1sanmlaiuToy
nensutsuegnedsdu fisuausnsouuuiin
Adoxlosdeyavnalug weluladnsiases
LazNITUIUNIIARAUlINIINITRAIALT IR I Y
wansAuneUsznusiuaudududiuaznis
tuguatieys winuidedarlildianndanedi
nMsdangulaenss uildnnesngiunamguii
dAydInTuN1TWAILY Machine Learning-based
customer segmentation I@EJLﬂu’iﬁmiLL‘U\‘mEjﬂJ
gnéiiiusansnmansgnesnuuuliaenndes
AUl uneiBanagnsuededAns waga1unsni
aanslUldasnarmegsialdedialugussu

Wong et al. (2024) Ainw1n1suuangugnen
lugsfadroudisslagldluma RFM (Recency-
Frequency-Monetary) saufudanasiiu
n1sdangunateguuuy laun K-means,
K-medoids uaz DBSCAN iilelUIeuLiiey
Uszaninmveudazislun1sdiwungnaain

e

BUATINTINITY MUIAAT1wINdane3iy

nuanssiudmasielasiasisuazanan vz ves

D.

naugnAegsls lnguszidiuaun nvasndanes
ﬁaaﬁa%ﬁmmmgm WU Silhouette score
NansAnIMUIUAay IS iHadnERuAnA 9y
o8 aiifudrdy Tag K-means Tinguildiaim
nszdunazAnuliite vaizdl DBSCAN fay
aunsalunisdanisdeyaifiainuvuiuyy

LlaasauaznsadugnAilingfinssuraun

1% P
S A

(Outliers) ladin31 vuiidedlifiuiinisden
ganesnun1sdanguinalagnsesaguuuuves
Segment filsuaznsvimadws g munnagns
MINsIaIAtuUSUNEReLlsaE iU ANE AW

Kajornkasirat et al. (2024) Anw1ns
wuangugnAlaelddoyaginssuA1uanase
ludszinalneyel 2021-2023 TagUseynd

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans
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1dluea RFM sauiudanesiunisianguvany
E‘ULL‘U‘U Tawn K-means, Fuzzy C-means Wag
Self-Organizing neural network Wie
WigulgulseAnsnmaeusasislunisdiuun
anNAY UBNIINNITIANGULTETALAD 91UTdY
fesinuonsien1sldinaila Association rule
mining (FP-Growth) ifleAumsuuuumsdaiudi
aasiuniolundazngy viildaunsnesuie
5%@43L%awqaﬂssmaaqﬂﬁﬂﬁ%’mwu@'aﬁ'ﬁyu
NaNSANNTRTuINSHE Clustering AUN1S
AAs1gvinganuduiusdifinaiunung
195579909 Segment il wazatuayunis
dnadns ildmvuanagnsnisnisnaiale
pg1allUsednsanuinnIinisianguiiies
DAL

Awaliyah et al. (2024) Anwinsiuangu

v

anAtugsiadvdneeulailaglddeyagsnssy
33952 uluea RFM Uagdanesnu K-means
o uungndinusUuuungingsuniste u
Aoimundriunduiinanzaudie3s Elbow
method WazUseiliunMNINYDIATANDIAIEAT
Silhouette coefficient Lﬁ@lﬁﬁuiﬂdﬂﬂﬁjmmﬁ
fnunsedunislubazuananeiuognataiau
NanTInziEnsanengniesniluvatengy
ﬁazﬁauizé’mﬂamLLagmmﬁ’Lumi%ﬁummq
fu 14y ngugnAfdiyargauaz Andreuusus
nqugnA1ideUssuryad e Lagngu
gnénfifuwaltudnde sutiidunisussandldua
Segmentation ileatfuayunisdndulaida
n1snan lneuandiiiuianasld RFM saufu
K-means @1u13adaeliasdnsidilangfinssu
anéuazimunnagnsimnzaufuLsiaznguls
aghaduszuy
1NNITHUATIENITIUNTTUNUI Ul
Faaesuumazigaudsiunnsnetu urdlis
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uATedunuinnfianunsaysanisteives
i3 RFM waz ML Iéegraduszuu Tag RFM
faulaatausrunisinauwagnisinluly
\Banagnd wnedl Clustering flA1uanunsn
lun1sAumzduuuigadnvesdoya uivInaIy
Fataulun1sfnugegsie uanNaNi 11T
allngifajatdunsseuiisudana3iu unni
MWW “NTOUNITUUINRULUUNAY (Hybrid
framework)” flanusaldanildaiduiungsia
sufsdaanisdenloamanisuuangulugnis
Uszgndldidenagnsegradugusssu dadu
mAfeiiajnfufuteriiingn Tneiau
N3BUNSUUINGUGNALUUNANTIYIIINT RFM
waz K-Means clustering ey wialwle
fapnandladgsianasaruuiudndeioya
nfousialddoyasinssuaieluuiundudn
ooulativessumealny uazideulosuadnslug
TorauaiTenagnddmiunisuimagnin Jetae
pnspueludasineuazmsUszgndldluna
335M9

5. 35aHUN15IY
WentumITeanansaeiuielngaziden
wonifusedeseolud
5.1 sUnuumsIdeuaznsalfinen: n1333
ifunsidedavsina Taslddeyagansunes

a v

ganaAldnesulaiilunsdnw ssfadenan
Husufeeulaufifsoglunsammamuasiaed
anfnszavaglunanedminmusema doya
fldrseunquinsiafousiiud 18 wwiou 2567
69 26 Wwwgu 2568 lagfmuaniigiasie
Tusdugnen (CustomerID) LiteagvioungAngsy
M3t uaryaroInEuRa BRI AL

5.2 énwaizuazvaulnvasdeya: feyadld

\Dudoyagsnssu (transaction data) BaUsznausme
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AanusdrAgy laun InvoiceNo, StockCode,
Description, Quantity, InvoiceDate, UnitPrice,
CustomerlD wag Province lngtayaudazia?
wnusensaudluludsdondanenis was
mmmﬁwmwﬂammieﬁa (Monetary) laann
Quantity x UnitPrice Yayafunaun1sfnnses
f91u7U 541,390 a7
5.3 MsnspauazUsTalanatoya wus

Hu 3 Funouldud

1. nsyihenuazeInteya: N5
ANareInToyalsuaIndIiuniIngIaaey
Joyageye (missing values) uazdoyalauni
Wi wuduiinau (Evieun1sAudu) uag
Aitliauvnauna 2nMIRsIvEBUNUIILYS
CustomerlD dfgayymednuiuann Jsinisau
wandilsifl CustomerlD senannyadeya iesan
liansnsaidoslessanssuiugnanle daduiouls
drfguesnslasgiilusgiugnin egaslsiinny
nsaudeyadiuidwaliginssuvosgndi
Lianunsaszyinulsgndnoon Fadudediin
YBINTANE

2. msulasdeyaseaugnan: Yaya
gsnssugnuiasliegluszdugnan Tnad1uia
Fuus RFM leun Recency: $1uawiudaus
n1s9onsianan Frequency: Snuafilumsie
Monetary: yaA1n15l4a1859 Inevdinisiniey
foya wdedeyaildiinszvisiuan 406,573 uan

3. m3vFurnadeya: vinmsusuaina

v

foya RFM #1638 Standardization Lite 1wy
firenlndifeaiu uazandviswavessudsisien
WNTUNIIAIUTEEEYAYBY K-means
5.4 ABn1sudengugndn uwundu 2 wuu
loun
1. MSUUINGUUUY RFM (Traditional
Approach) Tsnsliaziul RFM Tnauuase

U 12 atiufl 2 ngunneu - Asvnau 2569

Recency, Frequency Llag Monetary Wuazuuy
26U 1-5 uardangugnmesniu 5 ngu Taun
Lost customers, At risk, Loyal customers,
Potential loyalists ag Champions Fadu
wumnsitanansafanuldinsuasmungiunis
iluldigegsia
2. MSUUINGUAIY ML (K-Means)

14 K-Means clustering Wadumlaseasig
vastayagnailaverdeninulndifeudaia
FupsuiSuaINnIAdeUs LIUATAAD S RaL
184 10 ngu wazly Elbow method tnefiansan
A1 Within-Cluster sum of squares (WCSS)
Wiadensuundameiivyan nan133ns1e
Benldduau ¢ ndu osmnliimaugaszaing
AU LAZNTAAINNTIGIAA

5.5 N15UsEIUANATNLAZAULLTD
fovasluiaa: LielWnadnsiauundede
fnsUsEliuAuNIMTBIATAWBSIAEATIAARUAN
centroid UavdnuazngAnIIUTRgNATtULAAL
ARALADT SIWDINITUTIULTBUNAANE 52119
RFM uag K-Means ilofudunuaonndoses
lassasangugnem

5.6 nMsAaszinanazn1sunlulde: wanis
WUNANgNANRLNMINITIAT IR TN YAEIANIZYRY
winzngy IAefiaNTaANLLANAI9YBIAT RFM
LAZNGANTINNITTD aamﬁ?m%auimwaé’wﬂﬂgi
MIAMUANAENEVNITAAIN LYW N13TNEIGNA
M3ufiuyafgnA wagnsYIIAIALUUINY
yana ilelinsiinsgilinnuaonadesiung
ihlulgasslugsiaAvanesula

6. NANT5IY
nuATeilldteyamdideduiainsiudn

ooulaifidsoglufminngammiaus 18-04-2024

14 26-04-2025 agilgnAnszangeglu 37 3w in

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans
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wiailaggnavesnanyateyaiivelitunaunis
Jnsziteyalulegsgnsiosariivszdnsam

a v dl

Tuiinfavsefianinund deyaiilumgame  laenisasivaeulesdunuinddoyafiduan

(Missing values) Yayaniafinau lngdoyn  aymeagusiniged 1

a ] P
A1519% 1 asuAaymelugntoya

L) AUNUE Iuudayagymvng

InvoiceNo pnealuLdwil 0
StockCode saduAlszuUssnnuseenIsduiudazyiin 0
Description 1888 DUANIDVYDVBIAUA 1,454
Quantity Pundurnglusarsients (Miae) 0
InvoiceDate JularnaNeen lUWIIRErEviN$18nN15UY 0
UnitPrice SIAFDNUILVRIFUAT (UIN) 0
CustomerlD sWaUsEAndvegnamlissugnAmudazse 134,817
Province Jawrinvegnnfvinisdsde 0

' P 1

Jayansun1sauLaInlamgmeaziieg 541,390 ka3 NAINITAUMERDRE 406,573 U3

6.1 nMsuuangugnAfaeIsnsliasIuY AWINYBIGNAT 5 318138901 CustomerlD Wans

A5 UTURBUA o lUALYIINITAIUIUAT  A9RSINT 2

RFM 1aeldaunish 1-3 fe819nadnsueInis

M13199 2 Mog1aAziuY RFM ¥89gnAn 5 $18i584m13 CustomerlD

CustomerID | Recency | Frequency | Monetary | R_score | F_score | M_score | RFM_score
12346 325 2 308.88 1 2 1 121
12347 1 7 142,230.00 5 a4 5 545
12348 74 4 59,308.92 2 3 a4 234
12349 18 1 57,999.15 a4 1 a4 414
12350 309 1 11,035.20 1 1 2 112
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NEINTULITIAINTOUU NG UTDIGNAN
ponidu 5 nqu 1Hud 1) gnénfiidndeluuiuuds
(Lost customers) 2) gﬂﬁ”wﬁﬁwé’wzmalﬂ
(At risk) 3) Qﬂﬁﬂﬂizﬁ?ﬁ (Loyal customers)

Champions
Potential Loyalists
Loyal Customers
At Risk

Lost Customers

o

500

1000

U 12 atiufl 2 ngunneu - Asvnau 2569

4) gnénfiduwiliuezdugnAusedn (Potential

a

loyalists) 5) ﬂﬁjugﬂﬁﬂ‘ﬁ'awaﬂ (Champion) el

a
o =

UIUGNATMUUARENGUUARIAININT 1

2596

1500 2000 2500 3000

AW 1 Fonguuarduiuvesgnalulsazngy

88AYIYVBIGNAUAALNGULAAIRINN
i 2 wudgnenga Lost customers azdigonne
1niign sesasnAongs Champion ngu Loyal
customers ﬂfj:u Potential loyalists LLa%ﬂq'ﬁ,J
At risk pud1y ofinnsuBedn wuding
Champions tag Loyal Customers idnwauziau
Tugumufuazyarinisldanefigs Seazviouds
wAnssugnAdisinuinfuazainasielsegig
soriles lunnurfingu At Risk La Lost Customers
A1 Recency g9 Uanedian1sU1eMIEIINNIT

Fosudnduszoziianiy TeUsdfennudes
lunsagdegndn egrglsiniu uda13s RFM
rannsanenngugnAlaegadaaulunganig
nann win1sdanguludnuase rule-based vl
gnffingAnssuuaneiuludeuiinaens

[ [

gndneglunguifeaiu 1wu gnAngu Champions

SEAUNITITINGLANAIIIUDE19UINLATIAS

e [ e
id)}

ndneglunguidediu Feasvieudedinvedis

©

Tun1503UN8ANULANAILTIENVBINGANTTY

€

e £2)
=)
2

AUNsTUTRIAMINWANAUdAYiinITE19BeTasing (TCL) aglundu 2 avuyuvemansuasdeauAans
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At Risk I 5,770,5639.72

Potential Loyalists 22,286,251.12

Loyal Customers

Champions

Lost Customers
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112,014,697.08

175,183,454.49

197,517,662.76

MR 2 gonvIevesgNAluLAazNEY

6.2 MsuvengugnAdaeIsnisiseuiva et
(ML)

Tudnuilar14hs K- Means clustering lums
wisngugndn Tnesinnsindeya RFM fildaan
fupoufiudauhnsuivanaifielirvestoya
fsUuvuanaiieatu vimnduishmaden

15,000.00
.\
10,000.00
% )
[%2] AN
5,000.00 A S
0.00
0o 1 2 3

FrurunguvesgnAiiffianlaeldds Elbow
method lagvinn1sA1uIUAT Within-Cluster
sum of squares (WCSS) dmiuA191uIungy
fisnafiu 910 1-10 Ny WANIAIIAA WCSS
wanfanmil 3

4 5 6 7 8 9
# of Clusters

AR 3 n59veds Elbow method

H1un1sfusasamnwaInaudaviniddensasine (TCL) aglungu 2 avnaysemansuazdiauadans
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s nluamd 3 wiaansadenldan Wi 4 nau Wevihmsiasieviaansilanuin

SN 3 %50 4 ngu eanudenndesiu  a@wsauinguesnidu 4 ngunanInanIni 4

TBnsulanguuuuusn fIidedadenlddmnungy

3000

"€ 2000

G?

& 1087
=

“@ 1000

143 8
0 I
0 2 3

Cluster ID

AN 4 WaN1SIANFUYNAT

1a89n centroid YDIARLNALANAUARIAINNTIN 3

M1319% 3 90 Centroid Yo4UARZNALANA

ﬂEj&lgnﬁ'ﬂ Recency Frequency Monetary
0 247.09 1.82 38,969.05
1 8.66 34 862,840.02
2 15.75 102.88 8,398,546.53
3 40.84 4.64 89,405.35

N15IATILTBIANNUIT NFUGNAIYAAT
geu1n (Ultra-high-value) wiiagfidnuiuiiies
Bniey waian Monetary Wag Frequency
gandinguduegsiiteddy azvioudnvs
%aﬂgﬂﬁﬂﬂizmw “Key revenue drivers” %39
“Whales” fifinaseselivesgsiangdluaudan
(Disproportionate impactﬂumuzﬁﬂajm Inactive

customers §A1 Recency gaukay Frequency i
LansfangAinssuivnmeainsz et edalay
uanIINt naugnAsERUTuNadedidIuIy
undign wansfegrugnAvdnvesgsiads
fdnonnlunisimu Tneddnuuenisdod
adtansus dalaideszfuyanige nsAuwy
fagvouliifiuln K-means anunsaidane

AUNsTUTRIAMINWANAUdAYiinITE19BeTasing (TCL) aglundu 2 avuyuvemansuasdeauAans
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“Iassafrafedduvasyanignan” laandnis
RFM
6.3 WiBUiBUMIUUINGURIFo UL

sraansnIeuifisunsutnguiaes
LUUINAUMT D ULAEANLANANTLUNTTEY
naugnédiTeazBendelul

1. ANNADAARDIYDINGNYAAZY/AN

HaansiFamnsnsryngugnAyanigs
(1 ngu Champions Tu Traditional RFM ua
Cluster 1 ¥84 K-Means) LazNgugnAILani
svisonguidesasmaly (Wu At risk uaz Lost
Customers Fadhilvgjaenndosiiu Cluster 0 o4
K-Means) lopeiaiisz@ngam

2. ANUEAN13AYY K-Means Tun1suen
AULANAIATIEN

At Risk

Champions

Lost Customers

RFM Segment

Loyal Customers

Potential Loyalists

Customer Overlap: RFM Segments vs. K-Means Clusters

Vol. 12 No. 2 May - August 2026

K-Means (ilof1vun k = 4) @1u190
wenngy “yamgsnduiivay” (Cluster 2 -
“Whales”) it Monetary Wag Frequency
adlamuiuoenunlsognstatou slu Traditional
RFM e1adsaueglungs Champions wanslviiiu
1 K-Means faudslunisfumannuunnsiiei
azlBunuazuindeusedoya

3. MIIANINGUTLAUNANS

ﬂﬁjm Loyal Customers Tu Traditional RFM
lilsfadamesinsaiufivnguidedlu K-Means
wansliliiudn K-Means Tdssagvinamsadnlunis
Jangu vilvignAgnnseanelunumateves RFM
1ANIIMILTILTAzLLTR e L Eaamh
L51AHN0TATIENANNTIUEOUTDRNA1AINNTT
wianguiiadesiiduanduning 5

- 1750

- 1500
1250
1000
750
500

250

K-Means Cluster

AW 5 MsvivdeuriuveIngugnan

NN 5 wansnisiudauTEnIng
Traditional RFM Segmentation Way K-Means
Clustering WUl Msdnnguuawisansizdan
gannnesiuluudlu lnslanizn1sseugnen

nayaA1sn (Lost Customers) Fsdanilvginszqn
maglu Cluster 3 wag Cluster 0 ¥89 K-Means
wandlidiudsaruannsnvesisaesislunissey
anéndilal active lsioeghsaenndosiu agslsinm
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naugNA1LaAI1gs 1y Champions lilagnsay
ogluadanodiioafuionun uwinszanoluss
aneAaanes tnelaniy Cluster 1 uaz Cluster
3 avviouliiiudl K-Means Tdndnaulndifes
NERRLUNMTUUINE 1nnnIINsLdnTIAz Y
fifmunliaamuuy RFM uenainidafiswau
anfgeTiaauazATOUARNMANENGL RFM LAAS
Tudn K-Means 819591gnA#iiinginssy
IndiAgaiun1eada wlazegauazyiasuuy
lusguulaeagy Traditional RFM fiAanudniau
wazAnIud1e vaedl K-Means Tiysmaaida
TassadedeyaiiaziBunuarazvioumnuuansng
melunguladaniy
6.4 maluldlun1snenagnsmenisaana

INHANTTLUINGUGNAIETS K-Means
wuawsaduungneendu 4 nguvian liua
Cluster 0, Cluster 1, Cluster 2 wag Cluster 3
Fausaznguidnwarnginssuiuandnaiuegig
Fovau ey mstmuanagusvnaniseainds
mseankuulimugauiudnyzanIzUeIwsaL
adans oliAnUsAvS A mgeanlunsuims
ANUFIRUSANAT

ﬂq'ml,iﬂﬁa Cluster 0 @sflen Recency
gann wansdgnAlildvhsensundunannu
5ﬂﬁgﬂ§'§ﬁ?ﬁ’1 Frequency ez Monetary ADUT
i1 nauiFsannsafinnuldindugnddimely
violndnanannsy Uy nagnsimneau ATty
nmansedulvinduintednads 1u nisiauedauan
lvnzyana Muasgydeansiiioaiisanns
ALY viSn1siransiewuuudninng agndls
fimu mngnAnlu Cluster 0 luneuauewonis
nszdusvatends s3fvenadesiansanyiuan
mmﬁﬁiqummmmameﬁu‘ﬁ

Cluster 1 \Junqugndyarngeiiden
Recency i mnedadfisgedudilelaiummni

U 12 atiufl 2 ngunneu - Asvnau 2569

anvadailen Frequency Uag Monetary g4
wanafsaudlunisdeuazyarin1sldaiei
laoau nguitiodugiusigldndnvesesdns

Qe

(7 s

Faiu nagndfmunzauaisunsinwag
duiusluszereny W JUsunTuauBnseeu
WU NTUDUANSTAMANIZNAN 1IBN1TAIS
Uszaunsalfimioningnéinly ilelfiuainy
fduazanaundeddunsielugguas

Tuvagifoatu Cluster 2 1unguildl
dnwaziimuiign wizilduougniilaiinn ue
A1 Monetary Way Frequency gﬂm’qujuﬁluagm
Fou nauidadaldindugnéyaaigenidy
Ay visondu VIP 13nagns n1sguagnAngy
denslduumsfiunndrannmsaaaitaly wu
Msdngauaamzse mstausleulviivy vi3e
nsasenuTnlessesenludnuusiing
Meg3Aa Mssnwgnantu Cluster 2 Lilaazdana
polaissnInneglauesesAnTeeetitud Ay

anvefe Cluster 3 Jadunguididuu
gnéanniian fin Recency aeflusyiutunans
wazdlAn Frequency wag Monetary Tusgaunans
it nduiidedugugnmaniigaiidneninly
nsLAuln MnlasunisaaaSueguminzau §3n9
ansaltnagmdiiuyarinaond1s¥ingndn Loy
n13%11 Cross-Selling, Up-Selling waalusnsy
avanudy ienseduligndnderssTunasiia
ganlidneluszeven

7. ayuuazanusngna
namsideadsiiuandifuinnsutenga
anAR1E30 Traditional RFM Uag K-Means
clustering TWysuosfiunne1afuusLaduiy
TuBennslinsevingAnssugne lag RFM asnse
FuungnAlaegetanuludiniseainuazdie

ABNISAAINY VLN K-means @1115088910U

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

1A59a319 98N VR0 0YARALANUUANF1IVDS
andludsUimnaldazidoauniu tnsany
A13sEYNaugnAIyaniIgaInifinasesele
YaagsnveLslyandI

dledeulesfuuurAanianguieiu
Customer segmentation (Wedel and Kamakura,
2000) Fatfuinsuisnguifimstianuuansng
5¥1319NqU (Between-group heterogeneity)
wazauAd1eafanelungy (Within-group
homogeneity) Wu31 K-Means clustering @131138
soulansludeaddlainga eswnldndnnis
Taszezvhveseyasss ognalsfiniu RFM ansdl
ANMUADAARDIIULUIANATU Database marketing
(Blattberg et al., 2008) isjairfunisldauads
Tuidagsia esanansndninuuagiinlly
MuuAnagnslaviui

NansANYNSenadoeiuTuYe Wedel
waz Kannan (2016) ﬁﬁ'ﬁyﬁl,ﬁ’t,ﬁmﬁﬂ'wﬂsz’fﬁﬁaaga
mumimjs'mﬁumﬂﬁﬂmﬁmswﬁ%uqammia
dinAuuduglun1sin Seementation was
aseannulauSeunensuastu Tuvauzifeanu
HaansSratiuayuuYes Wong et al. (2024)
uway Kajornkasirat et al. (2024) finuinwada
Clustering a11150 UnLnelATIAs 1IN ANTTY
Qﬂﬁﬂﬁ%‘auayﬂﬁaﬂ’jﬁ%LLUUﬁgﬂLa?u pg1alsfin
Adeneunihadw g dajatunisseuiiey
Sanosfiudundn vaziinisinwilduans
iﬁLﬁudﬂmiwmuummm’jﬂaaqammLﬁmmﬂ'w
Felaseilduinninisldislaisuiladie
DYNLAY?

LulBangAnssugnA Han1sAsIEd
%WLﬁm'wQﬂﬁwim’lﬁmzmaﬁaaa'waﬁnam
wislanwaly “Skewed distribution” lagdingy

Vol. 12 No. 2 May - August 2026

andyargasudesiiadisseladulng
Featenndoaiuuadn Pareto principle (80/20 rule)
Tun1smanm uenaInd n1si K-means @137138
wennaugnAszAunatsesniiunaengue oy
avvoudgnénnguiifinnunainuatsguandu
nguifidnenmlunisiam Jaduussiuiis
RFM Tadanunsauansliiiulaeensdniau
Tup1uded1inv9935n019 WU11 RFM
Hadinlun133uANUUANAILTENYRIgNAN
esnldinusl aruuuwuuaedy ved
K-means d99d1ins1uaulaseanisiines
wazANeInlunsinNIBegsia Feaenades

@

AUl

1%

unuluassanssunounin NIIYIUINIT

Qe

P4@093539%8anUaINnRana1n tngly RFM

[ A

Wuedeadislunisfiniu wagld K-means Tunis
AU FURUULTENYITRYA
Tun1sAnwadeseld arsiansadia
Frudsduuenimileain Recency Frequency
wag Monetary LU Uszinnduan FOINNINTTO
viengAnssunisnevauasdolusludu Lilel
NSWUINGUYNANHIAINNALIBEALAZATOUAGULIN
B9%u uonanil ArsnARBLUSBUTBUS UL
adamasTiva vty warldiad Tauiuiy wu
Silhouette score WipUszHiuAIILANITAUTD
wadnsegeseu L Bnitienathiinisdnnga
3u 5| WNUTBUIBY 18U Hierarchical clustering
v3e DBSCAN Liloganuunnsnsuaslasaasis
ndugnén uarmadenlosmanisuanguifusat o
N19551N9 WU Customer lifetime value e
Usziliudselorilufeaufumiase nsiaunluea
Tannsasunndeyauuusedestifudnuuims
wilafigaelinslinseiaonndesiunginssu
gnéiasuulasediaue

[ o L | v a [ ' 14 o/ 4
mumﬁ‘usaaqmmwmnquamumimqm’nimﬂm (TcL) ag”lunqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

159



160

NIasufuRnsladafinduasdnnatsisu Ui 12 atud 2 weun1aw - AN 2569

LPNE15D19D9

LONANT91984

Awaliyah, D. A., Prasetiyo, B., Muzayanah, R., & Lestari, A. D. (2024). Optimizing customer
segmentation in online retail transactions through the implementation of the K-means
clustering algorithm. Scientific Journal of Informatics, 11(2), 539-548. https://doi.org/
10.15294/sji.v11i2.6137

Blattberg, R. C., Kim, B.-D., & Neslin, S. A. (2008). Database marketing: Analyzing and managing
customers. Springer.

Cooil, B., Aksoy, L., & Keiningham, T. L. (2007). Approaches to Customer Segmentation. Journal
of Relationship Marketing, 6(3-4), 9-39. https://doi.org/10.1300/J366v06Nn03 02

Das, S., & Biswas, B. (2025). Machine learning segment customers based on their reviews in
e-commerce portals: A fresh inquiry. The Lumbini Journal of Business and Economics,
12(2), 120-130. https://doi.org/10.3126/\jbe.v12i2.77422

Hennig, C. (2007). Cluster-wise assessment of cluster stability. Computational Statistics and
Data Analysis, 52(1), 258-271. https://doi.org/10.1016/j.csda.2006.11.025

Kajornkasirat, S., Gunglin, P., Puangsuwan, K., & Kaewsuwan, N. (2024). Customer segmentation
using association rule mining on retail transaction data. /AES International Journal of
Artificial Intellicence, 14(3), 1919-1929. http://doi.org/10.11591/ijai.v14.i3.pp1919-1929

Mahboob Basha, S. K., Akhila, N., Deepak, A., Sindhu, J., & Rohith, K. (2025). Real time
customer segmentation using hybrid models for smarter e commerce. International
Journal of Engineering Research and Science and Technology, 21(3(1)), 1459-1469.
https://doi.org/10.62643/ijerst.v21.n3(1).pp1459-1469

Wedel, M., & Kannan, P. K. (2016). Marketing analytics for data-rich environments. Journal of
Marketing, 80(6), 97-121. https://doi.org/10.1509/jm.15.0413

Wedel, M., & Kamakura, W. A. (2000). Market segmentation: Conceptual and methodological
foundations (2nd ed.). Kluwer Academic Publishers.

Wong, C.-G., Tong, G.-K., & Haw, S.-C. (2024). Exploring Customer Segmentation in E-Commerce
using RFM Analysis with Clustering Techniques. Journal of Telecommunications and
the Digital Economy, 12(3), 97-125. https://doi.org/10.18080/jtde.v12n3.978

AUNsTUTRIAMINWANAUdAYiinITE19BeTasing (TCL) aglundu 2 avuyuvemansuasdeauAans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO) Vol. 12 No. 2 May - August 2026

'Jﬁaﬂaaauwmwu 39101 s wazdya death. (2569). mavssdlalaindfigiduseunndn | Received:  March 22, 2026
Fawnndou dnuuarssanivna: nadinuuitnndaiaiesuiueinia. 173575U AN 5ladadng | Revised: June 17, 2026
Uazgwnanei, 12(2), 161-177. https://doi.org/10.53848/jlsco.v12i2.299789 Accepted: June 29, 2026
a I a a dadd Ay a_a v @ a
N15UTLUULAAAANANY B UABLUIANFILINADU FHIAULALTITUINUA:
e A v a = o
NIUANYIUIENHANLATDIUSUBDINA

@

35101 35795’ way Syda Weslu™

UNANED

¥
Ay Aaaou

N15398 NN UsY asrdie 1) Ussifiuseduainudidyuasnanisaniuvauvediiin

a Aa [

sueudaiuluszuuladafndmununAndunndon &eu warssaniuia way 2) dioldusuuanig
nsfmusruuladafndfididuresuisvndneiosuivennia nsiteiifunisideideuiinm
naufeesentnaussRuTaminuiuluiifedestunssuaunsnanuasTadaing S1unm 59
A4 A auoa | ' o aa al [ a v ' a
AL LATDIRITEABLUVARUANNINTIEINUTEINMAN 5 Seau afanldlaun aud Seway Aade
druloauunnsgiu waswmaia Importance-Performance Analysis (IPA) nan1533enuIndyin
a 4 oA o w = o a o o o o aa
eglu Quadrant Il WIenguiiaudAyaainan1sAndunum d9wm 9 fYin AsouAquIA
dwnndou liua MsmuauLarannsldndsnu msdanisansianudu n1sdanisvends waznisld
ussdandulinssedwanden GAdwu laun nmssnwmdnauadanuainnse anudusssy
AUATARNITHATAINBUMNY kazANwITenlun15I9U wazdifsssunAuia laun n1susnls
ansnaniduluiuiuiiinuy nian1sIdedideaue iiaussuuRnmutoyanuaLIndeu
NSUTMINULYEE kasnsianisaudssluserulfianis Wesnsedussuuladafndlvidenndos

AULUIAREILINADY #9AY LATFITUIAUIA

[J

ANENALY: WNAREWINAEL diAN LazsIsUNAUIE, ladaRndndaeu,
MATIEvANNdAY-Kan1sAue (PA), n133anslgauniuegedsiu
UTENUNAY: UNALITY

*{SURAYOUUVAN
"infnwamugladaind uninedeysm, Bia: 67920389@go.buu.ac.th
291v13danizladafind amnIne1duysnn, Blua: thanyaphat@go.buu.ac.th

[ o LA v a L ' 14 o/ <
mumssusaaqmmwmnquamumsm\ammimﬂwa (TcL) ag”luﬂaqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY



NIasufuRnsladafinduasdnnatsisu Ui 12 atud 2 weun1aw - AN 2569

Sustainable Logistics Assessment Based on Environmental, Social,
and Governance Concepts: A Case Study of an Air Conditioner
Manufacturing Company

Nattakan Poolgate' and Natapat Areerakulkan®*

_

This study aimed to (1) assess the importance and performance levels of sustainability
indicators in logistics systems based on Environmental, Social, and Governance (ESG) con-
cepts, and (2) propose guidelines for developing a sustainable logistics system in an air con-
ditioner manufacturing company. This quantitative study collected data from 59 supervisors
and above who were involved in production and logistics processes. A five-point rating scale
guestionnaire was used as the research instrument. The data were analyzed using frequency,
percentage, mean, standard deviation, and Importance-Performance Analysis (IPA). The results
revealed that nine sustainability indicators were positioned in Quadrant I, representing high
importance but low performance. These indicators covered the environmental dimension,
including energy control and reduction, refrigerant management, waste management, and the
use of environmentally friendly packaging; the social dimension, including talent retention,
fair welfare and compensation, and equality in employment; and the governance dimension,
including emergency management in operational areas. Based on the findings, this study
proposes that the company should improve environmental data monitoring systems, human
capital management, and operational risk management in order to enhance its logistics system

in accordance with ESG concepts.

Keywords: ESG, Sustainable logistics, Importance-Performance Analysis (IPA),

Sustainable supply chain management
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Optimization of Customer Clustering for Goods Transportation:
A Case Study of a Spice and Condiment Manufacturer

Kulsinee Chotjatuphat’, Piyawat Chanintrakul®*, Areekamol Tor.Chaisuwan’

_

This research aims to optimize customer clustering and route planning in the Customer
Service and Logistics Department of a case-study spice and condiment manufacturer.
The company currently outsources transportation services using a one-vehicle-per-customer
delivery model, resulting in unnecessarily high transportation distances and costs. The study
utilized domestic delivery data from 13 customers during January-March 2024. A Fishbone
Diagram was used to analyze root causes, followed by K-Means Clustering to group
geographically proximate customers, and the Clarke-Wright Saving Algorithm to determine
optimal routes within each cluster. The results showed that customers could be grouped into
3 clusters, reducing delivery routes from 13 to 4. Total transportation distance decreased from
1,696.9 km to 662.60 km (a 60.96% reduction), and transportation costs decreased from THB
55,730.71 to THB 19,550.89 (a 64.92% reduction). These findings demonstrate that the
combination of K-Means Clustering and the Saving Algorithm is an effective approach for

reducing logistics costs and can be widely applied in food and logistics industries.

Keywords: Customer clustering, K-Means clustering, Saving Algorithm,
Vehicle Routing Problem, Logistics cost
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voslgymaualnglasgrsdiuszdnsnm Tuvue
i Prajapati et al. (2023) Usegnalduuamnams

N

AangusuAuNsIaEUNIsE TUNITVUAIY S
ANy (Last-Mile Logistics) U098UADIMTER

S) LW D

fianuesulmdessuzinanvudias wasnuin
nsTmngugndniuilndiAetutounnauny
L UNYIEAATEEEIAUAZA U UNITNTLINY
duilaegelidodAny donndasiu Shi (2024)
714 K-Means Clustering INGUHUIEMUATR
piienanslulassinenszaredudududs dadu
dudiidesmunuguvniinasaviislegunuiy
Ferfugnanmnssuemsuazieiosasaluny
Wil woznuirannsnandunuiaziiiunsld
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Uslewlvominensvuasld wonaini] Comert
and Yazgan (2021) faia@uaiuinian1sdangs
v tafnddusudguinisiaidunig
muwmuzﬁﬁ'«j’wmuqﬂﬁwmﬂ uaz Alfiyatin et al.
(2018) 1a1n K-Means Clustering uwa@1uiu
Genetic Algorithm fieuddeym VRPTW Tu
visldquunuiiidesiaduna fsnuidemand
i'azuﬁ’u@ué’u’iwmiLLﬁma;uqﬂﬁmmﬁuﬁdau
Maunuduadunumadildsuniseensuesis
nevnslugeavnssuemsuagladaing
msfvuasaungy () Msngamdu
%umauﬁwﬁaﬂaq K-Means Clustering 391
danesiuluawisanivuan k 1ol
ATeTiF 9819838 0aluT (Elbow Method)
Fudumedafildsuniseensuegisunivaely
AsAnLAaaNAN k (Bobbitt, 2022; GeeksforGeeks,
2024) n&nN15VeIEEABNSAILINAIHATIY

Mdsaesnslungy (Within Sum of Squares)

=2

FINUNYDINATINVDITL LN INIDIFDITENI

v |

ndoyausazyaiugaaudnats (Centroid) vas

a U
oA

nguilnudsin Bef1 WSS dn wansingadeya
melunguiinnumnuiuiarlndifssiuinniy
Tagein WSS azanasausiiloifivd uiungy k
wiluu99s8nsInIsanasaziUasunasegis
TImdIneudzaey o anadlusnsiitnaegi
ALY Qmﬁé’mwmiamawmﬂﬁwLﬂﬁauLLﬂaﬂ
othaihilddniliFent “gauealu’” Elbow Point)
Fafordudurunguiivanzauiige 1ilesann
mafiudnungusiennyeilallddieand wss
asegaiiuddnydndely Tuvasiisiurungui
Wesningaealudseihlvideyanielunguiianing
wanvanegaiuly

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



Journal of Logistics and Supply Chain Operations (JLSCO)

Vol. 12 No. 2 May - August 2026

Elbow Curve for Determining Optimal k
(K-Means Clustering of 13 Customers)

50000 |
° !
) |
N |
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L |
] !
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=3 |
(Vp) i
= ) H
© | Elbow point
g 20000 - i (k= 3)
a i
= {
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= L o
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Number of Clusters (k)

AWl 2 N5 Elbow Curve uamasn Within Sum of Squares (WSS) figatealud k = 3

I« g3y

9INNNT 2 WA WSS anaseEg
FI5UY k = 1 89 k = 3 @giouinnisuus
naugnAninvuluydyIgannuaInrany
vasiingiaansnelunqulaedralitudfny
wIvdsange k = 3 10usiuly nsBuanasedn
] & a & v ] a
roalluroglUawfouludunss uanainnisuiy
Juungurandlildvisanainuulsusiu
MelunguasegeAua WesngnANIu LU
goaiiumuIndutasusnguenaiiaudnifies
1-2 s1e@slyasnnd osfiuliouluduniiug
gIUNMULLAZNITUTENTAR U UsDLNET Aetiy
= 2 o oA -
Fuden k = 3 WJuduunquiliunzauiian
Wosnnlvaunanasenitannunuiwiuniely
nau (A1 WSS siniiaans) wazanandululalunis
UURNuAse lngudaznguidnuiugnAieane
dUTUNITTIUNLIVUA ILATADAAR DI UNT
N3¥218FIVIYNAMIUYANIANT 6 Jminves
VSN IalAnY

= - vaa N a =

wieNandeidenliisnisdanesiy

(Saving Algorithm) Tun1saurutdunisnielu

] ] = vaa A o P
winznay wiungldinieuinilnanan (Nearest
Neighbor), Genetic Algorithm %58 Ant Colony
Optimization 1 W313aINANBALYRITYM
Turuideindudgmanadinianais (gndd
13 s1elunsaznguldiiu 5 919) Usgnisusn 35
- 1 P = A vl J
wieutulnanaadenyanedlnangaluunas

(%

N

Qo

Jupouwuulan (Greedy) Inglifiansana
lngsinvasdunie Mlllanudesgaiazine

e

Turaeuiildiluszezen (Local Optimum) uaz
p19iisgaiteglnasenluaudeiumadoundy
Turauedi Saving Algorithm f1saAUsEnen
(Saving Value) vesnegnAm3auiuneudndula
sadunns FelnadnsAdndnluanmam
Usymsiiaes Genetic Algorithm wag Ant Colony
Optimization (Jusiig3afnd (Metaheuristics)
ifosordonsduuszanasudurdoflsluy ns
USunsdiwes (W 8n3In1snateiug wuie
U5891n5 MTeAIN13emevaeiilslun) wasnis

AUINTIAN8TaY (Iteration) JuuanzAulaym

¥ '
=

P o 1 o = o Ay
%uqﬂiﬁmﬂmf\!ﬂﬁ]ﬂaﬂﬂqujumqﬂéﬁﬂu‘WUWQUMq
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NIasufuRnsladafinduasdnnatsisu

1%

#1mau (Solution Space) fidudouAunind
g3afndog1edrwazsuliolan wadmsutgm
yurnLdniananeg1ansaaneid nasld
aAg3afndMinaiaziinainududeulunis
Waunagiatlunisuszananalaglysudu
Tnefinaansiilaonaldunnmsanmmouiilaain
Saving Algorithm agnaiitudnAgy (Battarra et al.,
2008; Bullnheimer et al., 1999) Usznnsiiany
Saving Algorithm ﬁsﬂy’umaumiﬁwmmﬁmqlﬂ
A591 TR EINTAS19UNI NG e UEN1MaENIS
Se9dIAUAT Saving FeaunsatluUssenaly
Tulusunsu Microsoft Excel lalagliansendey
FONARITIANIZNI FUNUITAURUUSTUNVOS
Uitmnsaldnwididslafyaainsduineinis
Tayalagnse @onaaesny Pichpibul and
Kawtumnmachai (2013) 7% 1¥iuq Saving
Algorithm fanaduAsalasuamieslun s iR
esananuiseuitenazlidnauiilndifies
Aumnzanigalunadusad ufeefleuide
flaueuumisuiulgaen Saving Tiusugty
Tunasonn seidsediviuinmsissudiou
Saving Algorithm AU Genetic Algorithm iag
Ant Colony Optimization Tngasaduiuinig
finssndunislunuidetusely Keseylily
VOLAUDLUY

281415AR11 I1NNTNUNIUITIUATTY
wuvuidedulmylunduiflidenagnéuieqn
InEaIuIUnaNaUNImanIeeT1e U Le et al.
(2022) waw Comert et al. (2018) luvaueiianiae
ldtoyagnéniios 13 518 dedodundusosng
NNk uIeg Y Fasaie
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Fruruagessidsmalinanisutnguuas
dunafilaisnuasiamnefuuiunvesustvnsd
Anwige uarersliaunsaasusnedeluiieada
i‘LJETmsaiﬁﬂmﬁ'uﬁﬁaimauqﬂﬁwLLasgﬂqums
ﬂi&ﬁﬂ’]ﬂgf’l‘lﬂ’mQﬁﬂ’]ﬂﬁ]{LLﬂﬂﬁlﬂﬂﬁuiﬁﬁlﬂﬁmﬂ
nsuumsiludssgndldfuuienauienns
ﬁmmnLﬁuia;&aﬁiwmuqﬂﬁwﬁmﬁutﬁa@uﬁu
AMULERYIVRITINIUNFULATUTEANTA N VRS
Saving Algorithm Aeuthluldeuaisluiniig

5. 35aHun1539Y
5.1 gULUUUIRY
nuATeilTunmsifoununaunau (Vixed
Methods Research) Usznausag 2 duneu
nanfe (1) dnideldnusivnudeyaugugd
(Primary Data) 3nnn1sduniwal 139lAseasng
(Structured Interview) uay Jayanfivq
(Secondary Data) vasU3emnsdiAnwLiieadn
n3fiAne (Case Study)  (2) dman1539891n
Fuusmnmenausudunsuds Tnensussand
Tdnsutisnguanindeuuuia (K-Means Clustering)
wazdTieniadanesiiu (Saving Algorithm)
5.2 Usznsuasnguiegng
Uszansildlunsnsutsesnidu 2 ngu
Tgun (1) winauifeadeafiunszuaunsuusds
U 4 91y wag (2) Teyansdndsdumnigly
Uszinel dmiugndn 13 578 1idudeyaiade
3 fou (unsieN-Sunau w.a. 2567) idunasding
nsratwegludmiansrunsaseysen aunsaIns
NTUNNUVIUAT ANYT YAUT UATUATIIVEAUY

waRIlunNS19N 1
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]
-

39 AU Uszaumsaiineu®@)  szeznanduntuval (W)
A Wnthaenladeuinisgnm 10 10
(Senior Customer Service)
B Aeddnnisladasind 6 10
(Logistics Assistant Manager)
C WHNMUUHUNUINTYNAN 4 10
(Customer Service)
D NINULNLN LA IARNE 4 10

(Logistics Officer)

5.3 1A304ilait

\n3esiietdefldluns@nuusznousig
(1) wuudunrwalldalasaasne (Structured
interview Form) flsanuuutitosiusindoya
Yy lunszuaun1suuas (2) LiuRen19uan
(Fishbone Diagram) Lﬁaﬁmiwﬁmmmmﬂ@m
lunisvuds (3) Wsunsu Posit Cloud (1191 R)
d115UALHUNTT K-Means Clustering whag
LARINAULLNUTIF 28 Package leaflet way
(4) Microsoft Excel d1v5uA1uias Distance
Matrix wag Saving Values
5.4 nsiiusausutoys

1) unasdeyavgugd lanisduntwal
Welasaseiuniinay 4 vinu aseuAquTiite
Aeaffu duneunisriie Jaymuazauassa
wwInnIsIndadaglu uasdatauenugluns
UFuuse

2) uvdsdayaniogi laun deyan1sdnds

a v

FUANAINTTUU SAP U89USEN TI0AUNNSIAU-

a a

fura w.a. 2567 laun AinazAyn-ai3gnuas

Y

anA1 13 578 Usinadusndndssiaseu (lansu)
Usziansadildvuds (4 de 6 do w38 10 do)

AU WAL UENIINITINE

5.5 nM3AAszidaya

Sunaudl 1 mediaszidymdsunud
Anevan lnenisdideyadnnsduniuaidnises
Huusufaiaafomanvnuesdamnisuuds
Tu 4 417

Fumauii 2 MaUszutananIA K-Means

Clustering lngtidioyafifagnénsis 13 3e g
n15UsEaananiglusiny Posit Cloud 3avi
Data Frame fvunduaungs k Avungay
ALHUNTT K-Means Algorithm LazlanINanIs
LUSNGUULUHLTAGNY Package leaflet

‘flgumauﬁ 3 Saving Algorithm 31910
n154319 Distance Matrix 5¥n319augNa19 (Hub)
flugne wagseninsanAusazeanisluusiasngy
WAITIAULINAT Saving 210gAST Sij = d(0,)) +
d(0,j) - d(i,j) ¥nn1sisesarnuannunnlites
wagsIHUNIINaTuAElATeINAAINY
YNV

Sumauii 4 nsduaudunu fualas

n5ldgns

FUNUTIN = (SEEN NI x T1A1FRALAIINT)
+ ANUSNNS
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waeanty thundiguiiguiuguiuuiay
Ineldonsidiunsanad (Percentage Reduction)

6. NAN15798

6.1 nansAnwtunaun1sUfiReuniely

ununuINsgnALasladafnd
nsvuaumsvheudady 5 Juneu 1eun

(1) gnAnla Purchase Order (PO)
7199 NTUTEUTRAUAT IWARUA1 TIUIU 51A1

NIUYDINIY

ﬁag e wazidaulun1sdnseRu2) wuun CS
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MIIABUAIUYNABIVOUBNATT PO UINNY
TaRanandndugnaAuily (3) wnun CS @d
pamaIanANTITEUY SAP /1 luga VAO1Create
Sales Order (4) Foyamdstoselouludaunun
fRertomIusTUY SAP Taesmlusia (5) waun
laFadndlasudaya Inviununsuuds uaziten
Usziansofinunzausaudeindnsusemuuds
avuoniiitunfuaud Seduneunisujoa
unglunnunuinisandtuaglaladind wans
Fannii 3

) =
YUADUN 1

Qﬂﬁ’]ﬁ’]miﬂﬂ Purchase Order LWD

JUADUN 2

N CS

#336DU

laigndes

wasriugnelv
wilulu PO Tnyl

v

SuleNaTIINGNAT

Pudlvlu PO udn

JUNDUN 3

N Customer Service YNN1sAgoBINBsANANINTEUY

A

¥

DYAANHT

U

JUNDUN 4

apnaeloulUSanunneidaemiuy

SYUU SAP LiiaUszanuauneluadnng

A

) =
YUADUN 5

wwun Logistics Utosaundavinununisuuds

32159015979 outsource LBINLNSURLAN

A 3 uansduneunisufiRnumeluisunuinmsaniuaslaldanind

= vn o
MMW:QUQU
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6.2 nansanerlgyniludunaunisinuvasununuInsgnduasladannd

@

n15iATIgvdeiaUanndeyaiililaenisdunivel wansianni 4 wuanvgveslam

Machine (tﬂ§a0 do/
aunsnd)

Tuds=uudnludtdiksums
FONFUINATNAINY ———
wWudunmy

mistdsafAududu

Ao =

—_—
anAl

wineulddemssoundu
anAMMUUS:aUNISA —— —
andimstisanivims

wanvwluiinu:lumstd
vawduasiinsiriioya

waynaAsATAUEBEIMIYGaIL
MSIBUHUIEUNTDUUED

nsvuaslud

—_—

li3smsavduAiuuu 1 s19da
s 1Au MIKIUDUs:=ansnw

dvosgwigauiums
MmKuonduand Mmikfaoanu

ddiau
Method (38n1s)

——

ludmstadayaand
daukaviums
WEINSAIAIY

dovmsuavanm
—_—

Material (daya)

Uszansnan

—_—
msAaduuAdielunauusn
owolildnsounaugninivkua

= a cou v
AN 4 NTAATIEUEINIUAN

1 : {39

1. suyAaIng usEmldusnisvudenin
AliuInsaneuenselfen vinlwldiigunaly
mMstvundunazEene NS g
TITINTVIAYARINTHTURAYOUAUNITIIUNY
YudIlnYnT

2. fwedesiie nmsidenldenunivuy
JililgonndesiuUsinamesaudi dduunnds
Tosavualngiuludmsvsudduiuiunaion
wazusnddldsavunndnlumsuudamanesou

3. pudons wulgmnisdnds Tagldsa
1 fusiognén 1 579 uarlaifinssiungugnAng
ogflutiuillndifestu dwaldiindunsidou
waysrernaTInlunsvuaEnd uAus Iy

4. sudeya nulgynideyaiiingnan
uazdeyardsdelussuu sAP édlalldgnununld
NN ULEUNRENLALUTEANS AN

agulerindamngn 2 suiidsmanszny
geanuazasuAluswuldanmsiinged fo
AN (MIVIANTTINNGUGNA) Uae
fueIesdle (nsdensruwmugdilivangas)
Fosaeadmansauslalilnonisiiuuain
MSHUINAUWUY K-Means Clustering WagSaving
Algorithm sUszgndld
6.3 NaN13IANGUGNAAIY K-Means Clustering

nsfnwlagiteyaiiinazign-aeidgn
Y04gnA1 13 318 1gnsuszananalaglusunsy
Posit Cloud ALfiun1s K-Means Clustering lng
WATININTEEMIVeRYALALMVUATIUI
nauivzan nadwsildde k = 3 ngy (Clusten)
Tne8198931n Elbow Method @auanenis
N5598f1YeIgnATuAaznauULNUTIAIE
Fuansnafufuandunmi 5
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F
L J
A
L ]
C
. L
M L
L ]
E
B L ]
e D
L]
1J
G
P
Hub
® K
L ]

H
o

al
N :

HANSAN®INITIANGUYNAIAIE K-Means
Clustering U1 Cluster 7 1 9zUsznousie
9N B, C, D, E, M dsaglunnunianansmouuy
Cluster 71 2 Usenaumegnan G, H, 1, J, Ke?'i'aé?qasﬂi
TulauUSHMmaLaENTUNNUMNUAT kA Cluster
7l 3 Usznoudegndn A, F, L eegluuaume

AL IUDDNLATNANL TUDDNLREL D

6.4 nan1sdndunedaeisindedanasiiy
(Saving Algorithm)

n1siigneanluusiag Cluster unasig
Distance Matrix 5811319 Hub fiugnAusiagsne
LazIENI19gnAIR AL wanududiegis
Distance Matrix 484 Cluster 1 1 uamslumnsefi 2

A19197 2 Distance Matrix 994 Cluster 91 1 (Wae: Nyl

Hub B C D E M
Hub 0 92.38 94.44 58.66 56.22 70.02
B 92.38 0 57.22 34.65 49.67 54.21
C 94.44 57.22 0 52.07 39.65 24.42
D 58.66 34.65 52.07 0 21.19 34.60
E 56.22 49.67 39.65 21.19 0 16.59
M 70.02 54.21 24.42 34.60 16.59 0

NUUAIINAT Saving NnAluLaaz
Cluster Bged1auannuInlUtes wagaidunis

SAULAUNAIUAINU FIA15197 3 WaLHie9
Tunma 6 (Cluster 71 1)
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M13199 3 A1 Saving Wnelu Cluster 1 1 Feadwiu Sij :nannluiley

adu g G, j) 3282019 (NYL.) Sij twtinsau anuy Wuvadild
d(Hub,) d(Hubj) dGj) (M%) Tuiduma (n) Endpoint
1 (M) 9444 7002 2442 14004 3000+6,400=9,400 gl endpoint Hub>C>M>Hub
2 (B0 9238 9444  57.22 129.60  9,400+500=9,900 B+C 1¥u endpoint  Hub>B>C>M>Hub
3 (8,D) 9238 5866 34.65 11639 9,900+3825=13,725  D+B \{u endpoint Hub>D>B>C>M>Hub
4 (CE) 9444 5622 39.65 111.01 ¢ laflaf endpoint ekt
(@gnanaLdun)
5 (EM) 5622 7002 1659 109.65 13,725+425=14,150  E+M 10U endpoint Hub>D>B>C>M>E>Hub
6 (B M 9238 7002 5421 108.19 B, M agjlutdums Pl
WU
7 (C,D) 9444 58.66  52.07 101.03 C, D agluiduna ST
Weaiuua
8 (BE) 9238 5622 49.67 98.93 B, E ogjluidumns T
WU
9 (OM) 5866 7002 3460 94.08 D, M agludums T
WU
10 (0,B) 5866 5622 2119 9369 D, E agludums T
Weatuua
gRINSATLIN Sij = d(Hub,i) + d(Hub,)) - d(i,))
C
24.42 km
M
57.22 km
16.59 km
E
56.22 km
34.65 km 58.66 km
Hub

AN 6 LEANIAIDE19N1TINLEUNTS Cluster 91 1

1« g3y
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HAENENITIALEUNIMAIUTUUTS wanazun15dniduniens 3 Cluster lunns1an 4

M13197 4 M3a3UNIsIALEUNIA 3 Cluster vasUTuUslngUssendldiswniadane3iiu (Saving Algorithm)

Cluster Ussiwsn dumaiusn  dwidndud (on)  dowdn 3LV (N4L.) FTHLVIN AUNUII
UTINNTI 2w (ha)  (Um)
(An.)
1 680  Hub>D>B  3:825+500+3,000+ 14,150  58.66+34.65+57.22+ 24776 579028
>C>M>E>  6400+425 26.42+16.59+ 56.22
Hub
2 640  Hub>J>1>G 7,825+ 6500+ 15290 40.36+0.02+2.35+405 8321 3,239.76
> Hub 965
1088 Hub>K>H> 2125+16,100 18225  13.44+25.19+38.23 76.86 4,621.91
Hub
3 640  Hub>A>F 4325542545000 14,750  107.38 + 22.13 25477  5898.94
>L > Hub +53.86+71.4
394 4 Ldunng 662.60  19,550.89

RUELN:

1) $ATIAUUET 6 &9 = 15.50 UIW/NL. 10 &8 = 34.76 VIW/NL. ATUSNT = 1,950 U/iien

2) ﬁmﬂ'ﬂmmﬂ 50 6 @ < 15,000 nn., 30 10 Ao < 25,000 nn. (mmﬁmmgmmaw?ﬁw)

3) TuCluster 71 2 fuwdnussnnsa 15,290 nn. Jafunadinnsgiuiinvuadmsuse 6 de sy Sosas

1.93 9NN TI9aeUTeRaTsIveuIen wud naeiuasgulunaeinldiiensunuseauliins v

MewUniwiinussnnasanniuveidouvessa 6 denldnuaseeglugg 15,000-15,500 an. Jsdseglugee

= = Y a wa
mwmammaauwaamﬂéﬂumdﬂgum

LANTIBNTANLIAAUYUTIYRY Cluster 1 1
AUYLTIN = (5p8gNn1UNAY x SnT1AvUEN)
+ AIUTNS
=(247.76 X 15.50) + 1,950
=5,790.28 un
ms¥adumedasuu el 3 Cluster
WiuangnAt A Tdaudis M wudiaunse
THdumandoiiies 4 idunne losamdeiios 4 Ay

Jusedude S1uiu 1 Au sannde $1uu 3 A
doangnén H fhimdndudn 16,100 nn. ifle
/U K (2,125 nn) = 18,225 nn. Faifiuainug
30 6 70 9WpTAATITN 10 dousnsemin lag
Hszgymandamsuiudsaluninsiu wae 662.6
Alaluns FunuAIYUAITINMEAD 19,550.89 UM
avvieuliiuisUseansnmlunisuiulss
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A1519% 5 LUSguiiigunansUSuUTInsdnLdunielswniedanesiiu (Saving Algorithm)

o 1Y

Fa9n nauyiuulse naauTulge anas (%)
UUEUN 13 l@UNg 4 Fung 69.23%
U 6 80 7 AU 10 do 4 AU 689 3 AU 10 80 1 AU 71.43%
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