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❖  Title of the research: 
 

Quantitative modelling of the reliability, availability and maintainability of production systems in 

Industry 4.0 

 

❖ Context of the research 
 

Production systems have evolved from craft production to adaptable production in the last centuries. 

Today, digital production, smart production and Industry 4.0 have become an important topic. With the 

development of the production systems, production strategy changed from craft production to mass 

production and then via mass customization to personalized production. The markets turned into buyers 

markets, which forced manufacturers to product differentiation. The manufacturers face the challenge of 

efficiently producing diverse product variants in various batch sizes. Industry 4.0 offers a new way to 

implement a highly flexible and efficient production. In order to meet the requirement of individualization, 

customer-oriented production has to be implemented. The production systems have to be optimized in 

order to achieve a highly flexible and efficient production. This leads to the investigation of flexibility 

and design of flexible production systems. In recent years, mass personalization has been viewed as one 

of the main drivers for the next transformation of the world economy. Industry 4.0 is characterized by a 

strong individualization of the products under the condition of a highly flexible production. The concept 

of flexibility has far-reaching effects on the design of production systems in Industry 4.0. Therefore, 

flexibility and flexible production should be investigated.  

 The present thesis project aims at identifying the distinctive characteristics of smart production systems 

in industry 4.0 and defining them by quantitative metrics. Then, it aims at developing and implementing 

methods for the calculation of these metrics. 

 

❖ Objective of the research 
 

Characterization of the characteristics of smart production systems in industry 4.0, definition and 

calculation of quantitative metrics. 
 

 

❖ Required skills 
• Interest in developing innovative research and original solutions. 

 
For further information, please contact: 

Prof. Enrico Zio, enrico.zio@polimi.it 
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A bstract: Industry 4.0 offers a new  possibility to achieve a flexible and efficient production. Special 
features in industry 4.0 bring new  challenges and have not been considered in the m odelling yet. In this 
paper, extended coloured stochastic Petri nets (EC SPN ) are used for m odelling the production system s in 
industry 4.0 and their availability, in order to support the analysis and optim ization of availability as w ell 
as of the supporting resources. Three m odels of EC SPN  are built and sim ulated using a softw are 
R EA LIST to m odel interactions and self-organisation. Finally, the m odelling results are explained. 

K eyw ords: availability, production system , Petri net, EC SPN , industry 4.0, interaction, self-organisation. 

1. IN TR O D U C TIO N  

Production system s have been developed first from  craft 
production into classic industrial production at the beginning 
of the 20th century, after that into lean production in the m id-
tw entieth century, and then into adaptable production in the 
past ten years (R auch 2013). A  w ell-know n production 
system  is the Toyota production system  (O hno 2009). Today, 
digital production (W estkäm per et al. 2013) has participated 
in production system s. A  very recent and im portant trend is 
to com bine and connect production system s in industry w ith 
the “internet of services and things” in order to achieve a 
highly flexible and efficient production (K agerm ann et al. 
2013). Industry 4.0, a future project in the high-tech strategy 
of the G erm an federal governm ent, is a new  approach to 
achieve these goals. Initiated by the future strategy program  
“industry 4.0”, it is assum ed that this trend could lead to the 
fourth industrial revolution (K agerm ann et al. 2013). This 
trend can also be observed in other countries and all over the 
w orld. C om bination and connection w ith “cyber-physical 
system s” and “internet of services and things” in production 
system s lead directly to the necessary changes and updates of 
the production system s. For this reason, the production 
system s in industry 4.0 have som e special characteristics, 
w hich bring new  challenges and requirem ents to the 
m odelling and analysis of the production system s and their 
availability. In order to receive realistic results, the m odelling 
m ethods should be able to consider the special characteristics 
of production system s in industry 4.0. 

The existing conventional m odelling m ethods such as 
M arkov M odels and Petri nets (B ertsche 2008, Pozsgai 2006) 
can be used to m odel production processes and repairable 

system s. They could also be used to m odel the production 
system s in industry 4.0 and their availability. A ccording to 
the special characteristics of production system s in industry 
4.0, these m ethods are evaluated in the early w ork (Long et 
al. 2015). The evaluation show s that Petri nets have unique 
advantages and are m ore suitable than other m ethods to 
sim ulate the production system s in industry 4.0. Petri nets 
w ere used as a graphical m odelling form alism  for state-
discrete system s (Petri 1962). In recent decades, they have 
been continually developed and are increasingly used for 
realistic m odelling in production technology and reliability 
engineering. The high-level Petri nets, coloured Petri nets 
C PN  (Jensen 1996), use special coloured tokens to describe 
various inform ation and to consider different states. B ased on 
the C PN  and the extended stochastic Petri nets (ESPN ), the 
extended coloured stochastic Petri nets EC SPN  (Pozsgai &  
B ertsche 2004; Pozsgai 2006) w ere developed w ith various 
functions, in order to sim ultaneously consider different states 
and describe stochastic processes. 

In (Fasth 2011), ten m ethods for redesigning, m easuring and 
analysing production system s such as D Y N M O ++ and 
System atic Production A nalysis are described. These 
m ethods can be used to m odel the structure of production, 
production processes etc. H ow ever, they cannot m odel 
stochastic processes that are crucial for the analysis of 
reliability and availability. EC SPN  can sim ulate not only the 
general aspects of production system s such as structure and 
w orkflow , but also stochastic processes, various states of 
production processes and their changes, and the properties 
such as queues, priority, and guide function (Pozsgai 2006). 
These capabilities could be used to sim ulate the special 
characteristics of production system s in industry 4.0, e.g. 
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