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Abstract

In few recent years, there has been a significant global focus on the fourth indus-
trial revolution, traditional manufacturing factories are transforming into so-called
“smart factories”, which apply high-tech sensing and computation technologies on
different manufacturing processes and production systems. As today’s manufac-
turing market is becoming more competitive, how to improve the availability, and
quality of manufacturing services in smart factories is a crucial concern for manu-
factures. The current scenario has created a growing need for the implementation
of predictive maintenance in production lines. Predictive maintenance involves
proactive maintenance activities aimed at preventing failures and enhancing the
availability and safety of the maintained system. This demand arises from the
recognition of the importance of minimizing downtime, maximizing operational
efficiency, and ensuring the reliability of industrial processes. There are several
existing approaches for PAM in IR4.0, each with its own advantages and disad-
vantages.

This master thesis explores the predictive maintenance in Industry 4.0, with a
focus on studying and comparing the existing approaches. it’s complementary by
surveying the existing contributions in this field, and applying the best selected
strategy on a real industrial system.

keyword: industry 4.0, industrial cyber-physical system, Predictive mainte-
nance,




resuime

Ces dernieres années, la quatrieme révolution industrielle a attiré I’attention du
monde entier. Les usines de fabrication traditionnelle se transforment en ce que I'on
appelle des < usines intelligentes >, qui appliquent des technologies de détection de
haute technologie et de calcul sur différents procédés de fabrication et systemes de
production. Comme le marché de la fabrication devient de plus en plus compétitif,
améliorer la disponibilité et la qualité des services de fabrication dans les usines
intelligentes est devenu une préoccupation cruciale pour les fabricants. Cette sit-
uation a entrainé une demande croissante pour la mise en place de la maintenance
prédictive sur les lignes de production, qui consiste a réaliser des activités de main-
tenance pour éviter les défaillances et améliorer la disponibilité et la sécurité du
systeme maintenu. Il existe plusieurs approches existantes pour la maintenance
prédictive dans IR4.0, chacune avec ses propres avantages et inconvénients.

Ce mémoire de master explore la maintenance prédictive dans I'industrie 4.0,
en mettant 'accent sur 1’étude et la comparaison des approches existantes. Il
complete les contributions existantes dans ce domaine, et applique la meilleure
stratégie choisie sur un systeme industriel réel.

keyword: industrie 4.0,systeme cyber-physique industriel, la maintenance pre-
dective




ua.’.zl.o

L adad) C.\,.a.J‘ chm quﬁ IVEN (]LJ‘ oL :uuU\ sl on,J‘ o) waY‘ ‘j,wJ‘
Sk e YW L@l ol obladly il ol Gl sl plall o b J&
39| Ut 0L (Ll i fﬁ"” C.\AA.J‘ G g Q‘ ey . Lol ! CL;\N «da.a‘j C.A..a..”
) bsles Je 5,00 ML,_MJ‘ M e Al U oda s By 5 lal) BB aae
37 50 g B iay e lall pladl Lodle s 5 JUas W) Bgi 2D ikt & S
2 Boliey Lbys Lo AN mo @ad] dolio (3 L5000 Blaall = 200 6 5 e e Sy
shai sl ol e 5 Ll bl Gealy (Jlad] 1 g Bsm sl claald) 2ea e

keyword: & 540! Slall ¢ glall Ll SL ! fw“ il ) elall




List of Acronyms

AT Artificial intelligent . . . . . . . . .. ..o 11
IoT internet of things . . . . . . . . . . . ... ... 11
PdM Predictive maintenance . . . . . .. . ... 14
IR4 4th Industrial Revolution . . . . . . . ... .. ... ... ... ... 63
CPPS Cyber Physical Production System . . . . . . ... ... ... .... 16
RFID radio-frequency identification. . . . . . . . . .. .. .. ... ... .. 19
EPC Electronic Product Code . . . . . . .. .. ... ... ... ..... 19
ICT internet communication technologies . . . . . . . ... ... ... ... 20
SLM selective laser melting . . . . . . . . .. ... 26
FDM fused deposition method . . . . . . .. ... ... ... ... ... .. 26
SLS selective laser sintering . . . . . . .. ... Lo oo 26
CBM condition-based maintenance . . . . . . . . . ... ... L. 32
IWSNs Industrial wireless sensor networks . . . . . . . . . ... .. ... .. 41
RNN Recurrent Neural Networks . . . . . . . ... ... ... .. ... ... 42



DNNs deep neural network . . . . . . ... ... L 43

ANNs artificial neural network . . . . . ..o 0oL 43
RUL Remaining Useful Life . . . . . .. ... .. ... ... ... ... ... 44
ARIMA auto-regressive integrated moving average . . . . . . . ... .. .. 53
SVM support vector regression model . . . . . . .. ..o 53
SCADA supervisory control and data acquisition . . . . .. ... ... ... 53
CNN convolutional neural networks . . . . . . . . . ... ... ... .. ... 54
SNN siamese neural networks . . . . . . . ... ..o 58
SWRL Semantic Web Rule Language . . . . . . .. .. .. ... ... .... 59



