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Abstract

Infectious waste management is a critical issue affecting the environment, public
health, and operational costs, particularly during the COVID-19 pandemic, which significantly
increased infectious waste volumes. This analytical research aimed to 1) to study the attributes
of customers using infectious waste collection services, and 2) analyze customer data
clustering using K-Means Clustering method. The study utilized data from 540 customers,
comprising 37 large healthcare facilities and 503 small healthcare facilities of New Chok
Amnuay Chiang Mai Company Limited. The analysis was conducted through Orange Data
Mining software, considering variables including infectious waste quantity (0.5-12 kg/month),
distance (0.3-15 km), and collection frequency. The results revealed three distinct customer
clusters: Cluster 1 (85.66%) characterized by low waste quantity (average 1.2 kg/month), short
distance (average 1.8 km), and moderate collection frequency; Cluster 2 (11.43%) with high
waste quantity (average 8.5 kg/month), moderate distance (average 4.2 km), and low collection
frequency; and Cluster 3 (2.91%) with moderate waste quantity (average 3.7 kg/month), long
distance (average 8.5 km), and high collection frequency. The clustering showed high efficiency
with a Silhouette Score of 0.873. The comparison of operational efficiency before and after
implementation showed improvements in four main areas: time management, vehicle
capacity utilization, collection frequency, and area management. These findings can be
applied to optimize collection routes, design cluster-specific service packages, and improve
resource management, leading to reduced operational costs and enhanced service quality.
However, future studies should consider additional factors such as infectious waste types and

GIS integration for more comprehensive and sustainable development.
Keywords: Clustering, Infectious Waste, Data Analysis, K-Means, Data Mining
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ID FAGNAN Nominal — s¥afilsishiudmiugnéusayse

Waste_Avg U%mmaﬂaﬂlaﬂﬁmL%@La?alwimﬁau Integer ArdwInAlansy Wy 0.5, 2.8, 12)

Distance syopmanNUIEndsanufignd1  Float sroznuduilawns (Wu 0.3-100 Alawns)

Collection_Freq ANuAluMsIALAU Nominal 1 = (1 aSe/few),

2 = Ununans (2-3 adaAdiow),

3 = ga (@ adoftouiuly)
Customer_Type  UszLAVUDI@0UNEIUIA Nominal 1 = @@ UWETUIAYUIALEN,

2 = @0UNYIVIATUIANANN,

3 = @NUNYIVIAVUIN LYY
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wartlasiuldlifoyayalafegnimii antuléinisulasdeyadaonts Normalize Seviliideya
danadeduqud uardrudoavumasgiudunds dmalvfulsiemueduinsdaumify
WAz zaNdmIuNTIATIzmewmalia K-Means
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Preprocessors Normalize Features X
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% Principal Component Analysis Impute Missing Values X
% CUR Matrix Decomposition D i e
() Replace with random value
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ND T ID 7| Waste_Avg = | Collection_Freq = DISTANCE PACKAGE Customer_Type
11195 20 1312 A1 1
2452 k3l 11737 A1 1
3729 32 1173.5 Al 1
4| 848 14 173.7 Al 1
5|1821 i 11121 Al 1
6|29 16 11165 Al 1
71138 13 11478 A1 2
a/175 10 11211 A1 2
9354 10 1115.1 Al 1
10| 386 18 11222 Al 1
11]434 5 1)20.1 Al 1
12520 5 11176 Al 1
131910 o 11202 A1 1
141230 1 20177 A1 1
1501752 5] 112.4 Al 1
161758 16 112.3 Al 1
170505 5 1196 A2 1
18| 0493 1 1)126.2 A2 1
19| 0675 39 1/59.7 A1 1

20| 1067 9 11142 A1 1

1 o

A 3 wanannsalassainedeyavedgnan AnunisIawmssalesuneuidgnszuIunig

Ianause K-Means

a v A a 4 Y ! v v
N1339YTTUEY 2: NMTIATIEHNTINNQUVDYRNY K-Means
1. dayaiiiunismseulininsdangualginaiia K-Means lngldlusunsy Orange
Data Mining lngidanianizsiiuds “Waste Ave” way “Distance” unlglun1sdnngumuingusvesa

YINNTINY FILAAILUNING 4

i)
Ignored (3) Features (2)
0 AT [0 DISTANCE
M LonG [ Waste_Avg
0 nNo
[}
¢
Target
Metas (2)
D
NAME
Reset (] 1gnore new variables by defauft Send Automatically

=92 B | Is141- Bs1412

AW 4 Msidendmkusdmiunsiangudeyalulusunsu Orange Data Mining

lun1sdnngudeyanie K-Means gaduidenlddiwdsdnuau 2 @3 laun “Waste_Ave” uag
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2. MMSAIMUATILIUNGY K=3 1A88391nA1AMUMNITaNY8INI5IANAY (Silhouette
Score) dmsuaideil idenld k-means clustering ins1zdigaiauluFosanuanansalunmsdangu
oUW NAY LYY ﬂ'%mm;gawaaﬁm%ya sxeene wazarwilunsifivae: Snvadianunsadivun
Sruunguldar (k=3) Sensafuinguszasvnin1side uenanil K-means dainisduanil
snSmarUssAvinmgadoTinsgideyaruslng wu yadoyagnd 500 Melunuided wadws

AN K-means §41860n155AY 19U N15HAAIRAANENANvRRasNaY (Centroids) NYaelv

cal o =

Wiladnwaglanizresgnatusazng dharaduayun1sInagnsndaau n15iien K-means
clustering Uy DBSCAN #38 Hierarchical Clustering a@annaedfiuanuazoyaraanuifennszany
Aag19adnane Lil Noise NTALIN LATADINITIIWIUNGUN AMUARIINUI A151Y K-means
11 Orange Data Mining ﬁuﬂumuﬁaﬂﬁmmzamLLawa'UIWsjmméfaqmﬂmmﬁmeﬁsﬁayja
TuuTunil Megdnvazvaaya MnYeyaiin1InszatefvesduIuNguitniau enfagruiuduIu

= & ~ v Y a a ¢ v . Iz ¢
K=3 dadunaiidaenndosiun K Alon Lagnan193tAs1e%A28 K-means clustering UngawmLIg
Orange Data Mining wandliiiiua1 Silhouette Score &slidud@innunmveinisdangu laaand
a1 uansdamsdanguinaunn wmsizdeyalunsarnguilninuaaieadsiugs (Cohesion) wazdlaay
WANFI1ITALANANNAND Y 31NA15197 2 Silhouette Scores 71ba A1 K=3 A1 Silhouette Score

a a < 0 A o | P Y I O A a A a )

geilandl 0.873 Fausinnsdnnguidlanusdeyarenidu 3 naululianumunzaunigadoiguiu
FINUNFUDU 9 19U K=4 (0.809) waz K=5 (0.658) 1ilF1 Silhouette Score anas NsanAsLLaAII"

a o I a \ ° Yy 1 oayva o v o 4 A A I a1 & | )
nsfindwunguiundl 3 silvnguilasurivdeuduuintunsediniswennauitlidndu dwalv

Uszaniamlunsdanguanas

d' 1 . ] U o o [ s
M990 2 A1 Silhouette Score @NRTUNITAMNUAIUIUARALRNDT

Juuadames  Silhouette N1SAAUNAANS
(K Score
3 0.873 nsdnnguileunzangaiiaelusiuou 3 ngu Weanniia Silhouette Score gugn
4 0.809 nsdnngudaimangan weirn Silhouette Score MndnAn K=3
5 0.658 Usgavsnmlunisdanguiduanaadeiiusnoundames
6 0.653 muNEaIveINsInnguanategetalauiiefisuiy Kiltosndn
7 0.688 f1 Silhouette Score tsdudntios uidwiing k=3
8 0.664 Uszgavsnmlunisdanguisasindeifiouiua K=3
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nsiden K=3 denndesriuuiunuesinudde ilesnannsaasieudnuazgnd 3 ngumdn
fumnsinaify 1dun YSunyadesfinide uazszeyns madendwaunguiliianaududouly
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3. WATVHANITIANGNMEY K-Means lagfiarsananuwansdsasanvazdeyabuliazngy
Tnemsussidiuna (Evaluation) 146%¥a 15u Silhouette Score Lite¥agunnaasnisdnngu Tasitu
ANUUANGNNTENINNFULazALARRAd oI TuNgN naaNSN1TIRNaNNUI gnAtuUteanilu 3
naw éun nawdl 1 gnéniivsnaadosfindon szermdlng uazanufiviunans nqudl 2 gnén
ﬁﬂ'%mmyjaclaaawﬁaqq 52oEM9UILNANT WazANLAA Wazngudl 3 Qﬂﬁﬂﬁﬁﬂ%mmyjawaﬁm%@
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AT
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for Data Mining) @ 1Us2nauA1e 6 Sumau (Bemthuis, Govers, & Asadi, 2024) TagldTUsunsy
Orange Data Mining Tun1s3insnsidaya ludunounisadauuuiians §ideldnaia K-means
clustering Tayundn K 18u 3 nga (Han, Kamber, & Pei, 2011) iiloNAROUANALANAITENING

a
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(%
[

Y o = Y A v | o = &, = &
LArdDAASDITURANLNINGNANTDNTTIU LU UWNINATIBLABULUY 1 ATYLABY W30 4 ASY/LFaU
Jusu deyawmanilliiiisansazvioudanginssunislduinmsvesgndintu uidudusdiniiddy
Tunsduwundnvagvesgnaudazngy Weihludnslinsemigedn

2. gaNALITIATIEURYA

¢ sal a [ o a4 A aa a a ° Y o v

wanAwIsTEeNlY Wi Orange LulATelloniiusvaninmgsdmsunisinnisdoyavuia
Tugjuazn1sinsievitoyaidedn lugansuis Orange Data Mining diA3asilodmsun1sdnngu
(Clustering) Tiidonnannnane 1wu K-means, Hierarchical Clustering, ag DBSCAN usaginatiall
LAURAENITUSTENALINUANATSTY K-means clustering wisngfiutayanilasadatniau wavsyy

1 a . . . 1 v < % v 1 | [ o w gj

nautes Tuvaue? Hierarchical Clustering ¥aglvinaaiuauduiusseninnguludnuasdnuiy
a7 DBSCAN winnghudeyaiiinisnszandailuunsmalemasu (Polygon) i dn1snszaiusy
wuuliianunnsnsedian Noise 3113UNN

3. Google Sheet dmunsiusIuTINLaEINNTToYa

Google Sheets uLasasfiaddgydmsun1siusiusinnazinnstayalunuideiendiv

I3 9 Ay 1

MIdnMsyareeRae mMemuamnsalunsasuaziaiuguleyaninvgu Google Sheets %38

<9 Y

Tanunsnsvsudoyanngndildesruduszuy wu Fouasiieguesgndn Usinamaresiade
STEMNANIUNIUTATIUTEN ArwAlunsdaiu wazAldaneeiieu funuaunsatuin
warsUmndoyawardldiuudsalnianiuiufiinu andefianaiauasifiunrmazaanlunig
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K-Means nan1siasieniasaunqy 2 diundn lokd kan1sdnuilassasnslayanaanuazuasgnein
uazkamslaTsinsdangudeyalagliisnis K-Means feil
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1.1 USumyadosfnd olad oioifou dadaud 05 Alansu d 12 Alandy
Tnefienduegil 2.8 Alandu Eudsauunasgiu = 1.9)

1.2 spegmeinguedafiuiagndn finsssezmaioust 0.3 Alawns 8 15 Alawns
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