NsEFIEINSSUAERSLazEInnssy TN 19 atun 1 Usednfeu unsiAn — Sunen 2569 49

MIFIAINIINANFAS LA IANIIN

Journal of Engineering and Innovation

UNANINY
Qs a & A [ 4 % ~ %
fﬂi‘wW%ﬂt&tﬂﬂﬂ@@’lﬂi%ﬂﬂglwaﬂ’lLIMﬂL‘mﬁlﬂ’ﬁmﬂ'ﬁ‘lﬂqwﬁmﬂ?lE]dLﬂiE]d'ilﬂi
& A a A A
Gluswznma%: ﬂiﬁbﬁﬂ]&l’f[‘ix‘lx‘i’]%ﬂﬁ@ﬂﬂiﬂdﬂ&l
Development of an artificial intelligence model for classifying short-duration machine

stoppages: A case study of a beverage manufacturing plant

fuesnu sAlnaa unA wawden

AAIYTIFINTINGAAMNITUAZNNTIANTT AIMNTIUAaRsuazinalulaggnaInnssy unIne1defauing 73000

Kanyarat Worachatphaisan~ Noppakun Sangkhiew

Department of Industrial Engineering and Management, Faculty of Engineering and Industrial Technology, Silpakorn University
73000

* Corresponding author.
E-mail: Worachatphaisan_K@su.ac.th; Telephone: 0961681610

Yy o

unuunAy 17 Sunay 2568; Juiluilaunaing AN 1 12 nuaniius 2569; Juiineusuunany 2 Juias 2569

UNANED

Tugmamnssumsussaaieshu mangavzinreneiosinslussesnanduanusodssanssnusoyssansnmnsaanlagsm
otafldeddy muiteitmulunaiyguseiuslaslilasmeyssamifiouiuunatsdu (Multitayer Perceptron: MLP) Liie
RTWLLuﬂL‘Vi@;mizﬁqumzi’ﬂiwzgu (Minor Stoppage) Uumamimiﬁ;ﬂizﬂaﬂaam‘ﬂu 2 sgu leuA General-Minor Stoppage
(GM) waiz Major-Minor Stoppage (Mi) kazUszidiudssdnsammenisnsivasuanugndeskuulyidmsudeyasunsuiiaiiuy
\Aunti (Walk-Forward Time-Series Cross-Validation) 5 58U Han1snaaesnuitlunainiaie Macro-F1 wihiuFesag 92.00 (
o = 8.40) uazAlady Mi-F1 wiiiufesas 84.48 (o = 15.97) axvioufsnnuaunsalunssuunaanaldedianna witeyad
mnulsiaunaszninsngumnmsal Inswnnsaldulnajdnoglundu oM Sesas 62.83 vaizdingy Mi fi3esaz 6.67 usiduanive
NANVRINTEYALITIUTEANS AN nadsnsuanslidiuilnaditaunduaunsafndudesinvesismsanmuuusaiu Tnev
wihiiduinIesiiesansordmivinnu Iinseit uazudadoumameainissdnsliogiaiuszuy ssuvannsansadudyaa
anuinUnAlusyazFudu ielymiinmunevaussldnoufaruidsmesuus Susatuayunisnawuiieinuidsnan
svpznavgaia3eadnsiilalinnunuly onsedue OFE sgrafugusssy uaziiindannuamisalunisudeduszozonives
Tssundaidosiy
ARy

nsngnrrinssozdy lasstnelszamifios mamsnasuarmgniauulrdmsudeyaoynsunauudunii maduun
Usslan

Abstract

In the beverage packaging industry, even short-duration machine interruptions can significantly affect overall
production performance (Overall Equipment Effectiveness: OEE). This study presents the development of an artificial
intelligence model using a Multilayer Perceptron (MLP) Artificial Neural Network to classify short-duration machine

stoppage (Minor Stoppage) events on a can-filling line. The model was evaluated using 5-fold walk-forward time-series
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cross-validation to ensure robust performance under sequential data conditions. The evaluation results indicate that the
proposed ANN model achieved a high overall performance, with a mean macro-F1 score of 92.00% (o = 8.40%) and a
mean Mi-F1 score of 84.48% (0 = 15.97%). The model was also able to systematically categorize stoppage events,
revealing that most cases were classified as short, non-repetitive interruptions (General-Minor Stoppage: GM), accounting
for 62.83% of all events. Meanwhile, severe short stoppages (Major-Minor Stoppage: Mi) comprised only 6.67% but were
identified as a major source of production efficiency losses. Traditional monitoring methods could not clearly distinguish
between routine and severe short-duration stoppages. These findings demonstrate that the developed ANN model has
strong potential to serve as an intelligent tool for automatic monitoring and analysis of machine stoppage events. It can
detect early signs of abnormality and alert operators to take corrective action before serious failures occur. Consequently,

the system enables proactive maintenance planning, reduces unplanned downtime, and enhances OEE in a tangible way,

and ultimately improves the long-term efficiency and competitiveness of beverage manufacturing plants.
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Recall wavanAudesuas False Negative
MANALTIAFINNTTY

TuvFunlssaundnaiedia A13357uun Minor
Stoppage AANAIND1AYIINNITILATIEAANATINNT

8191 warnsgnuse OEE lusyure13n15ly Probability

Calibration 59U Threshold sneaatadsaglilunaan
nsrutsRanatnlunaiafifidnvaslndidsai
AUEINN501UN1905I9FUMANISal Chronic Loss an
HansenuIINANLliaunavesdeyadeiaungAnTINNIS
1911339301519 argmax LileeE1aLAen
WUINNeAINaYiAUsEaNS Anillafiasnanann
?gulunﬂ Fold 999 Walk-Forward Validation wazidiy
anudeiulunisiiluealuldnussdusydulssany

PNEAIMNTIN
3.7 sudeuisuseiiiuna (Evaluation Protocol)

mATedldnfovitnmanmaaeumiugniesuuy
lyddmsudeyasunsunaiwuuiiunii (Walk-Forward
Time-Series Cross-Validation) $1W2u 5 58U (5 Folds)
Welvinanisuszifiuazviounisldatuasaly
magaavngsy ddluinadeuseuiandeyaluefinuas
yurmansifiaziintuluouian Tnenseuaunis
sanunaglifinnsdudidudeya (No Random Shuffling)
Wo¥nwadumgnsalnunaiaranAnuAIves
ns¥lnavesdeya (Data Leakage) flo1avinlsinans

UsziliuaannAaauaInANluasa

3.7.1 nMswdsyadayaniudrfuiian (Time-based

Data Splitting)

Mndoyarianuadiuiu 2,443 wgnsal 16dnns
FnsmusuUsnaEufumMAnIsal (StartTime) Aouaz
gnuuseanitu 3 drunnuandiuiian (Chronological Split)
Tuusiazseunismaaey (Fold) muitusnglugui 2 Tned
dndndail

1. gadeyatln (Training Set) Sosag 70 1ddmiu

nsfinaeuluiaaiiielmFeuszuuuuanudusius
vostoyaluadn

2. yaveyansIvdeu (Validation Set) Soway 15 14

dmfunisusuguarnasiflmesdidy lawn
Arnisfltnesguugilunszuiunis
Temperature Scaling La¥NITAUNIAITAUU
(tau_m) sz audign tietfinaiutndede

HuNsUSUWUANUEIAE Y
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3. yadoyanaaau (Test Set) Fowaz 15 1Wudoya
druvhogalundazseuiiliaaliaefiusnnou
T¥dmiuvssidulsznsamiugaieifiels
fulailunaanunsavhauldaseneldanioy

Toyaluauing

Time Series Cross-Validation (Walk-Forward) 5-

Folds

V iteration
w = wm

,
C
N

o

20 40 60 80 1

o

0 120

W Trein Validate [ Test

JUN 2 mIavasuanugnassuulyidmiudeyasunsuian
wuuiumt (Walk-Forward Time-Series Cross-Validation)

deluusiag Fold gadeyatinasifindumudiduna
vauzfiyanaasvazideulusaiasnardald iiedrass
anunsalinsldanuaswesszuuiuiglulssnu
3.8 @adian1sUszidiuna (Evaluation Metrics)
\lovanidsseniaindeyaliianga nsUsziliuads
faniadiafiliauddyminisunnaaawasaziou
precision-recall trade-off la%aLaw Precision / Recall /

F1 (519Aa1d) A9auny fail

Precision = L (10)
TP+ FP

Tnei

TP #e snnuadsivihunegndesindunanatiy
(True Positive)

FP #o snnundsiivihuneiianaiain 1y

Aanady (False Positive)

Recall = P (11)
TP+ FN
Tngfi
TP fo snnuitinuegnindunanatiu (True
Positive)

[V
U a

FN @9 nunuinaiaviuneduaanadusian
95y panatu (False Negative)

Fl= 2PR (12)
P+R
Tnedi
P = aanuwsiugn (Precision)
R = A19ns1n1552an (Recall)
M Fl=L5¢ F
acro— _Ezc=l . (13)

e ¢ A UIUPAANIVUA LN TRAB 3

YaNINRTNITAIUIUAINUN LA LEUTAIAI UL LU
La¥N155%an (Area Under the Precision-Recall Curve
PR-AUC) f9gunIsn 14

PR-AUC=[ P(R)dR~ Y B, AR, (10)
k

Taoil

P(R) #o ArAdnuusiugn (Precision) sz iy
Recall R

R #9 A1dn35In155¢80 (Recall)

P, o eanuusiugiluiaagosd k

AR, #9 war19ve9A1 Recall Tuga k uaz
k+1

4. Wan15IY
4.1 wan1sUszdiulama (Model Performance)

nan1sUsEUINNALASIUI8US LA IEULUY Yiae
¥u (Multilayer Perceptron: MLP) Taald35 Walk-
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Forward Time-Series Cross-Validation 5-Folds A9ULaA3
Tum3199 1 Fes1891uAnads (Mean) uazdruidoauy
1179574 (Standard Deviation) 78913 ¥andn 1Hud
Accuracy, Macro-F1, Precision, Recall kag F1 wgnsu
Aa1d GM (General-Minor Stoppage) Wa e Mi (Major-
Minor Stoppage)

15190l wan1suseuluwalaseneUszanieuly 35 walk-

Forward Time Series Cross-Validation - 5 Folds

Metric Mean Std

Accuracy 0.9556 0.0360
Macro-F1 0.9200 0.0840
GM-Precision 0.9479 0.0417
GM-Recall 0.9856 0.0187
GM-F1 0.9661 0.0267
Mi-Precision 0.9304 0.0971
Mi-Recall 0.7934 0.2214
Mi-F1 0.8448 0.1597

1NHN51997 1 NUINULAE MLP AWaundulinadns
Tngsuaaunn laedian Accuracy Wade 0.9556 (Anldu
Savay 95.56) warA Macro-F1 @y 0.9200 (Aawduses

a¥ 92.00) agvioudnlauAaaIuITaIIUUNANITINTT

mswﬁ 2 wansusziiiusneseu (Per-fold Results)

neaveinvouniosdnslussezinanduldediusiuglunn
AaNd

Yueiinana Mi (Major-Minor Stoppage) Fadunana
ngutey (Minority Class) wuindin Mi-F1 1ade 0.8448
(Anduseway 84.48) Inadl Precision @ani1 Recall (Mi-
Precision = 0.9304, Mi-Recall = 0.7934) @gviouliliiuii
luwagnusuliiaanisudsieuranain (False Positive)
Wesnwianudndedevesnsuinfousss Jaumnzay
AunsuszenalglugaufuRdmsussuundasauniny
Fedlulssnuas

wonni ahul,ﬁmwummgmﬁqqﬁqﬂu Mi-Recall
(0.2214) agvipunansznuainaulidaunavesdaya
(Imbalanced Data) \iios91naana Mi d51urudiagi
Teunipanadusgnunn eg13lsinny 35 Walk-Forward
5-Folds ¥1ganamiann1swusdeyaiuugy (Random
Split) wazyinlvnan1sUsziliuazioungAnssuvasluing
Tuaninnisyiuieaiuannuiala lnalAeednInaswin
Tu

4.1.2 nan135Uszius1esau (Per-fold Results)

Wefiansaunadosnimasdluinalusdazgieiian
wansnan1sUsziiiulinaseseu (Per-Fold Results) ¥89

MLP classifier AaukangbunIs199 2 eail

Fold Acc Macro- F1 GM-Precision GM-F1 Mi-Precision Mi-F1
1 0.934 0.922 0.907 0.947 1.000 0.903
2 0.904 0.778 0.907 0.930 0.800 0.571
3 0.967 0.937 0.949 0.974 1.000 0.850
4 0.989 0.970 1.000 0.991 0.852 0.920
5 0.984 0.993 0.977 0.988 1.000 0.980

1 2 nudiluadidiaugndes (Accuracy)
oglutag 0.904-0989 Ineildnadvgsiefesay 9556
azviouitUsvansamveslumaiininuadesluvane
4391381 wdinteyassianuliaugasenineranaiaiy

7199 Tuseun1sneaaauyn 5 (Fold 5) lutaad1u1savii

Uszdnsnmlaaean lnada Macro-F1 §13 0.993 wazan
Mi-F1 8¢ 0.980 Feuansliiudednoninlunisdiuun
panaingm (M) Ifednausiudrauysaiuuy luvaeiiseud
2 (Fold 2) @1 Mi-F1 @nfigad 0571 (Wif31d1 Mi-
Precision 9x¥1¢iHe 0.800 finna) Feeraiinaindiaian
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|

Fanafisunuumanisal Mi funnsinsaingaedu uiedl
Fusegsitosunn dwalfluealsiamsnFous
sunuuamgldnsuiin egrdlsinig defiarsandiads
53N Fold nudlumadsnssnuiuseansainlaesuly
JEAUAY kanaflanununIudenuwlTUTINYEIaYE
ATUERULIAN

Tngasu lutnafiwauriiadosningedonis
Wasuwawesteyaluusiazseunsmaaouuasvzay
drnsunisinluldauasdlunisiiuuningnisainig
ngavzinvoaniasinslusroznaduniglumenisude
QRANMNTTULATA

4.1.3 Anuioiavaslung (Model Reliability)

lun1suseifiudsedniainidednvedluinag

Ty useavglasaneyszamiieulaldnisinsiziein

M1519ANUFUAULUUUSUNIATFIUAILLAD (Row-
normalized Confusion Matrix) Wansraaeuaini1uly
(Recall) #30A1UAN15009 AR IUNTTTEYUTHANTVDS
winnsadluwsiazaaa (Class-wise Performance) Lo
Aana X (Non-Minor Stoppage), Aa 1@ GM (General-
Minor Stoppage) agaaa Mi (Major — Minor Stoppage)
Fauanslugui 3

Confusion (argmax, row-normalized)

—7 1.0

0.0
x Mi m

Predicted

JUN 3 nisUszidiudsednsannigednvesluina lagldnns
3

WAIZIHIL Confusion Matrix

911n3UT 3 annnnsiansandazdulunus
Muesyy (Diagonal Elements) vaauming dsazvioudis
mugnaedlunsyiunefisuiudeyadse awnsnesuiy
KamssuunlE

1. nssuunaatamgnisaifilailidasiiainga
1503905 (Non-Minor Stoppage: x) luwaafiuszansnn
Tun1sduungaan agilen Recall iy 1.00 vuneAd
Iluaaaiuisndauenianisaiingaduninuio
winnsalitlalld Downtime sanv1nszUUlFeEsALYIH]
($evaz 100) Ineldfiaduiinnaiaduansiadn
Anuasalun1snsesdye1suniu (Noise Filtering)
Pwanmszlumsiansdeyailaidniu

2. Mmsmunaaradmiumgnsalialy (General-
Minor Stoppage: GM) @115u meiaiﬁ"ﬂﬂﬁiailﬁm?i%w
wuinlumaaiunsavinungligniosusugaiian Recall
Wirfiu 1.00 (Geeay 100) 1uiiesiu laglifinuduan
Uzdufuaaradu wadnsddldifuiinudnvuey
(Features) ¥84n15MgAviIuLUulUfiaudaiau
WivsneTilunavziSeudiazduunldetiagnies

3. AITWUNARANANTAUNYATLINTLAUTULT
(Major-Minor Stoppage: Mi) Iud’suﬁy%a\‘imamiiﬁ
ngavyinseAuuLImIoiin1sAndid (Severe/Chronic
Stops) lutnafidadugndeslunisviuieedi 083
(83%) Tngmuauaainindoulunssuunindunaia
GM g fidndu 0.17 (17%) HANTHATIEHUT 378
wanisalunssUssuufesas 17 Mluinadsyiiy
auddanitAuduase (Underestimation) la
szyinduiiissnisvganily aumpaininingin Ay
MnuvesgUuuudeya (Data Ambiguity) UTLIMTREAB
yesdoulvmuiuaziian sililunadaduladaussiam
LwaﬂﬁﬁﬁﬁﬁﬂﬂawaixwﬂwaﬂawmquLLiﬂ (Borderline Cases)
Tidumgmsaiund aruniudedelunnsnilunaiinn
undefegunnlumssuunuasdnnsesmnnisaldnilg
TaglamzTLenueE AN Iaiuni (GM) wagimmnisali
laidary (X) leegraufnvin agrelsiau dedunndifgy
Aenssuunmanisaiunss (Mi) dstumaiivudliudiay

s2inse 1 (Conservative) Inga1adnliingni15algunss
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vsdudumanisalvinly Jadudssifuiianmnsaiily
UFuugesesan (Further Improvement) iaiiiuainuly

Tunsnsradulgmisestluouinn

4.2 wan1ssuunimanisainimgavzinveuasesing
Tuszoziaandy
MNNsIMUNTeya 2,443 oy Tnglilamadilaguns
ﬂ’@umm&lmsfﬁqumzi’ﬂmmLﬂ%ﬁﬂﬂuiwu’;mﬁgu

a1unsaawunbasaanslumisen 3 sl

M1519% 3 wan1sTUNmANIsainseavsinvesnsesdnslussezau

dduil wian13al S1uaune Fouaz (%) N33R
1 General-Minor 1,535 62.83 nauvnnsaifiintusesiign dnlugjfunisugaesinsses
Stoppage (GM) Suuuuinly FalagundlineliiAnuansenuidsufinnasd
JULT
2 Non-Minor 745 30.50 nauiisgneuemnisaingaiiisrsgimauinn viedeya
Stoppage (X) 3UN3U (Noise) %agﬂﬁmwﬂaaﬂmﬂmeizﬁwqmﬂ%ﬁﬂiﬁﬁ
HedrAgsan1Tuan
3 Major-Minor 163 6.67 wifianufsnnd1 wiidunguinnisaliifszdunuguussg

Stoppage (Mi)

LAYENNITNENNANTENUABUTEANSNINNNSHNARLAESINBE 9T

o o

HydnAey

o

'
v o

MNATF 3 nuIIRMsalnvgaTE intansved
ww3osdnsluszosdudiulunjdnoglungy General-Minor
Stoppage (GM) d31u7ugeania 1,535 ads Andudovas
62.83 wastoyaiiavin aazsiouliiduianmidammin
Yo9as N13UTIRANINNTNgATETnTEarduLUUUNG
599891179 Ngu Non-Minor Stoppage (X) 31U 745
ps Anidudosas 3050 Bauandlifiuisauanunsnves
Tumalunisuenuezingnisalilildaindasaaivga
\n3eadnsiitiym (Downtime) vioinnisaiundeanain
Jymesedisanmudvaulunisiinseideyaluvasd
& Major-Minor Stoppage (Mi) s?qufJums;miiﬁﬁﬁmm
sunsoviardutlymiFesa fidnnuliesiiaaifios 163 ate
wieAnduesaz 6.67 ogndlsinnu ulveslidndiutosus
fodunduidmneddgidenseiniunsudly (Priority
for Improvement) LﬁaamﬂL‘T]uﬁumammmmqmlﬁs
UszAnS N sHanTIuTiase

Namiﬁ%mﬂm&;maiﬂaamﬁu General-Minor kag
Major-Minor Sldugaifiesnisseauaariauiug us
gnesnuuuliidenlesdunszurunisujuanislu

anen1swdn tnewlelumavinuismeniseldudsziam

Major-Minor syuvagasdyaaudadsuludsiivgiau

v A

PUTE1UTZUU Notification WiBl AR LAUN15ATIVABULT

=2 o (% 4

and1mumanisaluseinn General-Minor Yayaazgn

Juiinagauiiourluiasgimdawiliy (Trend Analysis)

v
a o

wardmyi One-Point Lesson (OPL) wiedesfunsiing
wuIneaanangieliiugeuUnieatunsadndiny
Aanuddveslymanauanduavauuay OEE
4.3 nswsguisunusulIdeneauniln (Comparative

Performance Benchmark)

smATeneunthawlvajiatiunisiiin Accuracy 1io
F1-score laglailanainfenisusuiiisuaanuuiazidu
(Probability Calibration) tagn13n1uua Threshold 51¢
aata daduvssidudidglunisuszgndliadelu
NAYAAINNTIY

nan1snaaedliiaads Macro-F1 $osag 92.00 uas
Mi-F1 Seuay 84.48 91nn35¥UIUN1T Walk-Forward
Validation Bsegfluszivguilefisufiuaunounti 1wy
Arima et al. (2012) ua¥ Lee et al. (2019) fi51891uA"
F1-score aglug9Uszunns 0.80-0.90 HATNTAINGT
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agviouiannuaiunsaveddunalunisinwaunaniny
WUUG15ENI9AaE (Macro-F1) LagAIuaINITalunng
n3793Ungu Minor Stoppages fisianallsiannavestoya
(Mi-F1)

mmimmL@iuﬁé’wﬁ“zysuaamuié’mfﬁami%’ﬂmaﬁu
foyaifdnvarliaugasgann viensandrdoyauuy
Long-tailed recognition newanizlupana Mi Fadnan
foyaifivsosay 667 vonmnnisaivianun luraed
Nt indussavsnmanauiiowdyiuaniae
“ﬁaaﬂaﬁlﬂiama (Class Imbalance) wiisen1sUsegnald
wadian1sySuifisuanuutanduaiuwuinieiviuade
danaliluiag MLP ﬁv"w’wmsﬁummm%’ﬂmam@amw
wugrszninsrandldmibey Tnsnmzanuansalunis
M5399UNEGYN Minor Stoppages ﬁLﬁummwé’ﬂmmmm
goyLde

TuBaUATR Tsaruannsodeautasduiin
nsUsuiisuud lulglussvundvioudnlul@laegng
wiingunninlanadildan Softmax Uni tneidleluaa
inunemgnisaliudszian Mi szuuasyinisudausiou
Fmthausuiiinussuy Notification selidndniuns
nrradeudsdnuarannugndsazauiiods (Chronic
Loss) uananil doua GM uag Mi fildgaanunsayily
Asgvianmn i (Root Cause Analysis) Lilewainn
wmsmsdestulussosenildodaiussuu nadndivand
avyiouiianud159989UuINIe Calibrated Hybrid MLP
Tun1suseendlddygruseivgilegnamnssunigle

Reoulutoyandutounudiuyianass

5. unasUuazdaiauauug

mu%%’m’fgaﬂ’wuﬂmLmaﬁmmwﬂisﬁwﬁmdﬁmww
Uszamiiteuuuunaneda (Multilayer Perceptron: MLP)
Weduuningnisalnisngavzinveaaiosinglu
szezIa1du (Minor Stoppage: MS) UUEI8NI1TUTIY
nszlod lnelddoyadzediuiy 2,443 wan1sallugel
WA, 2565 — W.A. 2567 LazUIzilunanIgnIsnTIadeu
Anugndasiuulyidmiudeyasunsua uuuLAuntl

(Walk-Forward Time-Series Cross-Validation) 5 59U Wa
nsUszunuIlieaiivseansanlaesivegluseauas
(Mean Macro-F1 = Spgay 92.00, o = 8.40) Laza1u15a
PuunaaranguilesUsznn Mi lad (Mean Mi-F1 = oy
Ay 84.48, o = 15.97)

wenIINd nan1ss RN dndunandlifiudi
wignasaddlulugilungu General-Minor Stoppage
(GM) $aeaz 62.83 s83a3un@eng Non-Minor Stoppage
(X) Soway 30.50 mmzﬁﬂaju Major-Minor Stoppage (Mi)

a

fifissSonay 6.67 wilidndrudesudidunguiinnisel

o o

IngAndenaronNugydaiBesyansnmedeiited Ay

o

Y &

Towasuluina MLP idmutuiidnenmlunisldidu
\3esfleafuayunsinay nMsdndidiuaudidues
Jaymn waznisudaiieutagnifiennsefuen OFE Tu
Tssnurdniasesilsognadusussm
Tumunsdansideluuszyndldauasa (Practical
Implementation) HAN1TTIRUNTEAUAIINTULTIVDY
Minor Stoppage aunsatluldilunasilunisinviigiie
UNI3BUYALAYL (One-Point Lesson: OPL) Literi1vun
YOULIRANLFURATBULALIM T IUNIABUALE AT TALIY
Tnsusnsgninsernisindeadosfuintnamuniugy
303903 (Operator) ansnsaudlaldiosiuil uazeinis
sefusuLsandeiinududeu (M) A1 dudeaudstng
fiot134 (Technician) hduiiuns usnainil Foyafign
Fuunegrndusyuudiauisailuysannissinduns
Favihmaunynsusiaudaieu (Alarm Dictionary) tiletae
11919901U13981115081989AUNNIBYD Alarm WAz
Bmsudlulgmuedaziaiesinsluaensudnliedig
snSezusiug wanamarildifisddasanay
duaulunsuufaumtnnu widseanssezanlunis
virunletdgui (Mean Time to Repair) Taoend
Usgdndnm
neuifedarunsadiluszgndusudafy
anensuandulugnaivnnssunisussqiadesiunie
gnamnssuiidnunznangateinszerdundetulaloe
AeeUTuLnugin1slignuaainwmnnsadligennfeaiu

U%UW‘U@QLL@&%IG‘& WU LNUIILIATILALAUDNITIANYN
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gavneassogen aaeufiudeyasvezeniwagiansanldy
luwaaaunaiazinaila Explainable Al liotfinaaula
Tunisaradunazanudotulunisunluldeuaieluy

seAUlsIU

5.1 U99MNAVDI9IUIY

Y [

widdedezuansuadniiumelas widiidosaia
U9UsENg lauA

(1) Tamagnitamnanndeyavedssnundniadosiy
Weawiaifios nsuszgadldluusundusiadesdinig
Usuiigunsednluinalil (Re-training)

(2) Felalaiarsaundadonieusn WU @an1nwIngos
W30N19291U0INTNY Feo1ainadonisiin Minor
Stoppage

3) gelulaTesuiisudulutnatdeaanauiaan
(Sequence Models) v4u Transformer Foduuuimied

AsAnw RNl uauA

AnAnssuUszna

a o

sAeddniagaadlddieninungun waznis
aduayuanvatelneg §378vvUNITEAMNANIY
Usgnaunsmagnaynssuedoshunsdidnuily lona
TuA13AN¥INTZUIAIBNITUTIVATBIANDTITIN S
Wmthagminauluaenisussiilideyauazaiy

Judlolunisiiusivrindeyaeafes

L@NEN591999

[1] 360i Research. Beverage market by beverage
type, packaging format, distribution channel,
flavor profile global forecast to 2030. 2025.
Available
https://www.researchandmarkets.com/

from:

report/beverage [Accessed 12 Nov 2025].

[2] Nakajima S. Introduction to total productive
maintenance. Cambridge (MA): Productivity
Press; 1988.

[3] Bengtsson M,

Managing chronic losses through continuous

Johansson A, Andersson J.

(4]

(5]

(6]

(7]

(8]

[9]

[10]

improvement and TPM. International Journal of
Production Research. 2022;60(12):3752-3767.

Arima S, Sumita U, Yoshii J. Development of
association rules for

sequential preventing

minor-stoppages in semiconductor
manufacturing. In: Proceedings of the 1st
International ~ Conference  on
Research and Enterprise Systems (ICORES 2012).
2012. p.1-8.

Corrales LACN, Lamban MP, Kérner MEH, Royo J.

Overall equipment effectiveness: systematic

Operations

literature review and overview of different
approaches. Applied Sciences. 2020;10(18):6469.
DOI:10.3390/app10186469.

Hedman R, Subramaniyan M, Almstrom P.
Analysis of hidden losses in manufacturing: a
case study in continuous improvement. Journal
of Manufacturing Technology Management.
2016;27(1):78-95. DOI:10.1108/ JMTM-02-2015-
0017.

Perumal A, Hasan N, Lam J. Reducing minor
stoppages in food manufacturing using Lean Six
Sigma. Journal of Cleaner  Production.
2019;234:1203-1213. DOI:10.1016/}.jclepro.2019.
06.188.

Lee J, Kao HA, Yang S. Deep learning-based
anomaly detection in manufacturing systems.
IEEE  Transactions on Industrial Informatics.
2019;15(9):5079-5088. DOI:10.1109/ TII.2019.
2894262.

Goodfellow 1, Bengio Y, Courville A. Deep
learning. Cambridge (MA): MIT Press; 2016.
Hubicki R, Richert M, Lebkowski P, Hubicka N.
Impact of  micro-stoppages on  overall
equipment effectiveness measure. Enterprise
Management (Zarzadzanie Przedsiebiorstwem).
2020;23(1):1015.

Carver D, Sapkota DN, Hossain DS. Precision in
production: understanding the ripple effects of

minor stops and adaptive speed strategies. In:



[14]

MNSENFIAINSSUAERSLazEIRNSsY TN 19 aduN 1 Usyideu unsiau — JuiAn 2569

Proceedings of the International Conference on
Industrial Engineering  and  Operations
Management. 2024.

Suthikunsombat P, Ruangchoengchum P. The
loss reduction from downtime by improving
overall equipment effectiveness and speed
controlling in the offset printing process. Journal
of Accountancy and Management
Mahasarakham University. 2020;12(3):144-156.
(in Thai).

Stryker C, Kavlakoglu E. What is artificial
intelligence (Al). IBM. 2024. Available from:
https://www.ibm.com/think/topics/artificial-
intelligence [Accessed 12 Nov 2025].

Digital Government Development Agency (DGA).
Al and the public sector: a beginner’s guide to
using Al with good governance. Bangkok: Digital
Government Development Agency; 2023. (in
Thai).

Wosu D, George A, Aikhuele DO, Nwosu HU.
Development of artificial intelligent-based
model for improving productivity and reducing
manufacturing cost. Saudi Journal of Engineering
and Technology. 2025;10(1):13-16.

Zaid S, Diaa A, Osintsev K. Prediction by artificial
neural networks of wind turbine outages for
maintenance to reduce energy losses. £35S Web
of Conferences. 2025;614:01010. DOI:10.1051/
e3sconf/202561401010.

Nixon J, Dusenberry MW, Zhang L, Jerfel G, Tran
D. Measuring calibration in deep learning. In:
Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition
Workshops. 2019.

Zhong Z, Lin C, Wang J, Li S. Improving
calibration for long-tailed recognition. In:
Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition. 2021.
p.16489-16498.

62



