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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
Type of Article: Research Article
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Elbow Curve for Determining Optimal k
(K-Means Clustering of 13 Customers)
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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%

449 3 AU (7 14 Aw) (571 4 Av)
288N (NY.) 1,696.9 662.6 60.96%
AUUAIYLASTIN (UMW) 55,730.71 19,550.89 64.92%

9IA131991 5 Wud nsUFuUgadae
K-Means Clustering Wtag Saving Algorithm
F1U1TNAATNUIUFUNVUAIRIN 13 LFUNS
W 4 1@ (anasiesay 69.23) andnuiuse
N 14 AU WEe 4 AU (anasienay 71.43) an
SLYENNTINAN 1,696.9 Alaluns nae 662.60
Alaluns (anasioeas 60.96) uazanAldanesiy
970 55,730.71 U @® 19,550.89 UM (anas
Sovag 64.92)

7. @5UNan1338uazaAUTIUHE
s1uifedldiauouuanisluninidia
UsEANSAINNITIINNGUINAMALNITINUNY
dumsvuds dmsuuisnindniasounauay
iwesUsssalulszinelne neldinada K-Means
Clustering 911U Saving Algorithm Han13AN®
wanslifiudisnisanduyunisvuddld Gsaenades
fuaAdeves Le et al. (2022) finui K-Means
Clustering ld@aeifingnsnislduselosives
YIUNIMUTUAZAAA UNUNITVUA Sl 019
Usgdnsnm
HadNSINNWITaIDanTTEEN9adla
$ovay 60.96 tugenimaiienulunuidoves
Singanamala et al. (2018) Faanlészana Souax
30-50 agslafiniy AuuAnestienaLingIn
dnvuzr03Ugun Na1IRe USENNTUANYI
Tunddediduldzuuvy 1 dusaso 1 gnén

Fadusuuvuiifiuseaniaimdiunednud
dmsunsuFuUzags uenanil matignénnzane
degluiiug 6 Smiahgiinie vildimssungu
puiuilinadu 3 nquiidaiau dwald Saving
Algorithm vinuldegnadiussansnngs
HAIINNTANYIAIUNTOANAUYUNITVUES
adlgl Fewar 64.92 (3N 55,730.71 UM nde
19,550.89 UW) TsaenndosiUNANISANYIYDS
Charoenwong et al. (2024) Finuan Tsaeuly
nawitlevedlveaninsaansuyunsvudalian
Jegar 25 31nn15UTUUTINIITANITYUE
Tnsnsusendaluauideiigendniesainga
SuAuveIsEUUANTUTEAME AN 108 ]

v o

DEGRERT

ilefinrsanlusoaziden nsdl Cluster
7l 2 desldsn 10 dedwiuidunis Hub > K > H
> Hub agviouufduiusszninsimdndud
ART18NUIAAIULIUNINUE UINNINTLYENY
vIeAUnYan1egiienans naniAegnA H
fithwiinaudnsiosougeia 16,100 nn. Fadnlnd
UnAUEeEATaITn 6 G (15,000 NN.) BLUR
Tned e e Saving Algorithm f91501AUT Y
fugnin K (2,125 nn.) Bsdldn Saving galung
Featu dvnsudafadu 18,225 nn. 1iu
Inpnaugsn 6 &e Fesududeavasulildsn 10 4o
(BnA213q 25,000 AN.) unu NsdlEs iy
T931AU89N15HAIU K-Means Clustering
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iU Saving Algorithm Lﬁaﬁgﬂﬁwﬁﬁﬂ%mmﬁﬁa
gaiaun@ (Weight Outlier) UsUuagllungy nanife
LLﬂGTWLmﬂqmaqﬁmam%asLﬁyaﬁiamisamﬁumq
witadNAnAUAINREIUNITUE DA IAU TR
denldsavuinlng Tudeidnsidrvudane
Mlalnsgandn (34.76 vwn/ny. ieguiu 15.50
VIN/NY. ¥38a9NIIUTENNN 2.24 1Wi1) Bgels
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nsuenldsn 1 Ausagnd 1578 dlownusendn
A1U3N1SAeLfien (1,950 UIv) warszaznId
Frifouanmsiadn-oen Hub desseuld

anvnfeddedanunsaanduyuldgeds
Jovaz 64.92 LAnandadusauduey19iioy
3 Usznns Usenisusn Tassadnedunuinild
JUKUU 1 Ausasiegndl 1 518 vilvidesanean
USN13AeT (1,950 UATien) sadeuds 13 ads
yarfndsuiuusavdenios 4 Wiea Ssanduyy
asidilalnenssludadlndidesiunisan
Srnudunie Gevas 69.23) Uszn1siaes n1san
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w&n \AAaInnIsT Saving Algorithm \HenTIe
anfniidian Sij geaanoumudIiy silidunis
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NulndiRestu Ussmsiany mssmassuseam
grunmuzliaenadeafuiintnussnnase
2Nty nAufifsn 14 Sudsdrulngusmn
Lidiudszdnsam (1 Ausiegnd 1 918) wideies
4 FuiiusnlndiAssdnaaug Yaandiuiy
endafiaudomiiszesmanarausns ean
ﬂﬁaﬁﬁwwus’mﬁulué’ﬂwmzwﬁqmmﬂmfwms
vaInfusuuladu nanfenisansiuiuien
wieufunisansseznissafisandeudu vihlw
HATINVRINTTUTENERAUNUEINIINITUTUUTS
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Tuusiazdandn (Fashoendlumsnedt 3) nuindads
Afdviswasien Saving geanAedndiuszning
NASINTTYLNI9AN Hub 5@@511}?@3@@%8
[d(Hub,i) + d(Hub,j)] fusgeENIeTENINGNAN
fansmeies [dij)] nanfedandiiegvinsnn
Hub snnusiaglnaiues 1w @ C uag M lunnsa
71 3 F4lvien Sij qqqmﬁ 140.04 nau. 9gliAn Saving
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Wannfiues Weswnnsrudumunsdusn
Fresinsvezmali-ndu Hub fisndeuldunnnia
Jadusesnsunfeaniug Endpoint ¥o3gnaAn
Tuduns ilesandaneifiueynalisiame
fitogstosihevildadugauaedumariidy
gnAnfignunsnegnatadumiauda 1wy g C-E
Tumnsnail 3 axgniuusion Sij axgefinnu agvioud
SunsTduniaiinasies Saving Mldlaass
Litfeeluninan sij Adwaailaluidody uay
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Y @ =

geldanunsasindunieiuld densdvesgnen H
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ANAINIT AU
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SaneS7iudu 1wy Genetic Algorithm %38 Ant
Colony Optimization
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gnAuazHANTEN U oAUINd DY (Carbon

Footprint)

fuaT wazlSeuliisu Saving Algorithm Ay

LONE1581999

Alfiyatin, A. N., Mahmudy, W. F., & Anggodo, Y. P. (2018). K-Means clustering and genetic
algorithm to solve vehicle routing problem with time windows problem. Indonesian
Journal of Electrical Engineering and Computer Science, 11(2), 462-468.
https://doi.org/10.11591/ijeecs.v11.i2.ppd62-468

Banomyong, R., Grant, D. B., Varadejsatitwong, P., & Julagasigorn, P. (2021). Developing and
validating a national logistics cost in Thailand. Transportation Research Part A: Policy
and Practice, 150, 130-148. https://doi.org/10.1016/j.tra.2021.06.006

Bobbitt, Z. (2022). How to use the elbow method in R to find optimal clusters. Statology.
https://www.statology.org/elbow-method-in-r/

Bullnheimer, B., Hartl, R. F., & Strauss, C. (1999). An improved ant system algorithm for
the vehicle routing problem. Annals of Operations Research, 89, 319-328.
https://doi.org/10.1023/A:1018940026670

Charoenwong, C., Nathaphan, S., & Asawasinsopon, T. (2024). Factory logistics improvement:
A case study analysis of companies in Northern Thailand, 2022-2024. Logistics, 8(3),
88. https://doi.org/10.3390/10gistics8030088

Clarke, G., & Wright, J. W. (1964). Scheduling of vehicles from a central depot to a number of
delivery points. Operations Research, 12(4), 568-581. https://doi.org/10.1287/
opre.12.4.568

Comert, S. E.,, & Yazgan, H. R. (2021). Effective cluster-first route-second approaches using
metaheuristic algorithms for the capacitated vehicle routing problem. International
Journal of Industrial Engineering: Theory, Applications and Practice, 28(1), 14-38.
https://doi.org/10.23055/ijietap.2021.28.1.7223

Comert, S. E.,, Yazgan, H. R, Kir, S., & Yener, F. (2018). A cluster first-route second approach
for a capacitated vehicle routing problem: A case study. International Journal of
Procurement Management, 11(4), 399-419. https://doi.org/10.1504/1JPM.2018.092766

[ o LA v a L ' 14 o/ <
mumssusaaqmmwmnquamumsm\am’nimﬂwa (TcL) ag”luaaqu 2 F1VUY VYA ILATEIANAENI

COLLEGE OF LOGISTICS AND SUPPLY CHAIN  SUAN SUNANDHA RAJABHAT UNIVERSITY

193



194

NIasufuRnsladafinduasdnnatsisu Ui 12 atud 2 weun1aw - AN 2569

Cunha, C. B., Damaceno, G. F., & Cunha, R. B. (2022). Constrained clustering for the
capacitated vehicle routing problem (CC-CVRP). Applied Artificial Intelligence, 36(1),
201-225. https://doi.org/10.1080/08839514.2021.1995658

Dantzig, G. B., & Ramser, J. H. (1959). The truck dispatching problem. Management Science,
6(1), 80-91. https://doi.org/10.1287/mnsc.6.1.80

Fikejz, J. (2024). Modification of the Clarke and Wright algorithm with a dynamic savings matrix.
Journal of Advanced Transportation, 2024(1), 1-15. https://doi.org/10.1155/2024/8753106

GeeksforGeeks. (2024). Elbow method for optimal value of k in KMeans. GeeksforGeeks.
https://www.geeksforgeeks.org/machine-learning/elbow-method-for-optimal-value-
of-k-in-kmeans/

Le, T. D. C, Nguyen, T. T., & Tran, T. B. (2022). Clustering algorithm for a vehicle routing
problem with time windows. Transport, 37(2), 84-96. https://doi.org/10.3846/
transport.2022.16850

Lloyd, S. P. (1982). Least squares quantization in PCM. IEEE Transactions on Information
Theory, 28(2), 129-137. https://doi.org/10.1109/TIT.1982.1056489

MacQueen, J. B. (1967). Some methods for classification and analysis of multivariate
observations. In L. M. Le Cam & J. Neyman (Eds.), Proceedings of the Fifth Berkeley
Symposium on Mathematical Statistics and Probability (Vol. 1, pp. 281-297).
University of California Press.

National Economic and Social Development Council (NESDC). (2020). Thailand’s logistics
report 2020. NESDC. https://www.nesdc.go.th/ewt dl_link.php?nid=11975

Pichpibul, T., & Kawtummachai, R. (2013). A heuristic approach based on Clarke-Wright
aleorithm for open vehicle routing problem. The Scientific World Journal, 2013,
Article 874349. https://doi.ore/10.1155/2013/874349

Prajapati, D., Harish, A. R., Daultani, Y., Singh, H., & Pratap, S. (2023). A clustering based routing
heuristic for last-mile logistics in fresh food e-commerce. Global Business Review, 24(1),
7-20. https://doi.org/10.1177/0972150919889797

Rand, G. K. (2009). The life and times of the savings method for vehicle routing problems.
ORION, 25(2), 125-145. https://doi.org/10.5784/25-2-68

Shi, J. (2024). Optimization of frozen goods distribution logistics network based on
k-means algorithm and priority classification. Scientific Reports, 14, Article 22477.
https://doi.org/10.1038/s41598-024-72723-2

Singanamala, P. K., Reddy, D., & Venkataramaiah, P. (2018). Solution to a multi depot
vehicle routing problem using K-means algorithm, Clarke and Wright algorithm and ant
colony optimization. International Journal of Applied Engineering Research, 13(21),
15236-15246.

H1UN13FUTRIANNNAINAUIRTEnITEeBsansing (TCL) aglungu 2 avnuyvemansuazdinuaans

endeladafnduazdnnansisu aninedesuigaiugium



