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Abstract 

Well-defined intervals between preventive maintenance inspections help increase the availability of process equipment. This 
work integrates probabilistic and predictive models constructed from event logs information, through process mining techniques, 
to estimate the variations of process cycle time. A function for equipment availability is defined and gradual changes in intervals 
between maintenance inspections are performed until the wasted time for this function is minimized and the best interval is 
found. Different scenarios can be analyzed simulating variations in probabilities of activities occurrence, providing better support 
in scheduling maintenance activities. Results show that losses can be reduced by optimizing the intervals between maintenance 
inspections. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 27th International Conference on Flexible Automation and 
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1. Introduction 

Availability, speed, quality and reliability are some of the fundamental requirements evidenced by the high 
competitiveness between industries, taking the equipment to the limit of its work regime. This contributes to many 
systems suffering degradation, reducing overall performance. Minimizing degradation problem requires an 
optimized maintenance management and a correct determination of the intervals between inspections [1]. To 
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determine intervals between maintenance inspections, it is necessary to know the cycle times, the current process 
behavior and to estimate its future behavior. In most cases, the high variation of the behavior hinders a correct 
estimation, making necessary the use of analysis tools, probabilistic and predictive models, as well as an effective 
record of the events and process activities [2]. 

The most recent studies are prioritizing the integrated use of these tools, making it possible to handle the data in a 
continuous way, considerably reducing the possibility of process information losses. The standardization and 
effectiveness of activities and event logs has become a priority as more and more large-scale data is available on the 
shop-floor, being used in different contexts for the industry, including maintenance and asset management. 

As there is a growing amount of data generated, turning them into useful information becomes a big challenge 
[3]. Therefore, process mining tools have provided excellent support for the initial treatment of raw data. It provides 
information about the process behavior, allowing visualizing deviations over time, cycle times, interdependence 
between activities and events among others. This information can be used to feed probabilistic and predictive 
models, responsible for estimating the duration of all activities involved in the process. These estimates offer 
considerable support to managers, making it possible to simulate different scenarios in the process before the 
respective decision-making for each case. 

To assist in the development of this study, a list was drawn up with the variables used. 
 

Nomenclature 
  cycle time of the ith unit produced after the jth maintenance inspection 

 mean cycle time of the ith unit produced after a maintenance inspection 
  expected cycle time 

 average wasted time of the ith unit produced after a maintenance inspection 
 duration of the ith maintenance inspection 

  mean duration of the maintenance inspections 
  better interval between maintenance inspections for the availability function 

2. Proposed methodology 

 Considering the advancement of cyber-physical systems [4], growth expectations of its application [5] and the 
possibility to operationalize the present methodology in this context, this work integrates predictive models fed with 
the durations of the process activities and a Bayesian Network (BN) probabilistic model, built through information 
of a causal net obtained through process mining techniques (Fig. 1). 
 

 

Fig. 1. Proposed methodology. 

The probability of the process activities occurrence, calculated by the probabilistic model, delimits the forecast 
horizon of the predictive models (one for each main process activity). The mean cycle time for each i unit produced 
between maintenance inspections is calculated, summing the real durations of the activities and dividing by the 
number of terms. The difference between the mean cycle time and the expected cycle time (shortest cycle time 
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