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The PhD thesis aims to develop methods and tools for the fault diagnosis and reliability analysis of
manufacturing systems modeled by timed event graphs with machine learning approaches.

In the first part of the PhD project, we will develop a methodology for modeling manufacturing systems
as timed event graphs in Matlab/Simulink. We will take into account time shift failures. A
manufacturing system is a network of machines and transportation elements that are used together for
the transformation of some material resources. In this PhD thesis, we will model a manufacturing
system as a Timed Event Graph (TEG). Timed event graphs are a special class of timed Petri nets. The
first objective of this PhD thesis is to develop a Matlab/Simulink toolbox, which will allow to model and
simulate a TEG. Our research team hold some expertise in Simulink toolbox development [1,2]. The
modeling methodology must take into account some uncertainties in delay operation times.
Consequently, operation times will be defined as time intervals and the toolbox will propose some time
shift failure injection blocks. The Matlab simulation of a production system defined by our toolbox will
allow to generate a collection of observations collected sequentially in time, called a time series.

In the second part of the PhD project, we will develop a methodology for the detection and localization
of time shift failures in manufacturing systems modelled as timed event graphs. Current approaches for
fault diagnosis in TEG use a Max-Plus algebra (a special subclass of idempotent—invertible dioids) [3,4,5].
Indeed, timed event graphs can be easily modeled as (max,+)-linear systems. The second objective of
this PhD thesis is to propose a new approach based on artificial intelligence like machine learning for the
detection and localization of time shift failures. We will use the results of the first part of the PhD thesis
to generate a set of simulations of a manufacturing system with and without time shift failures. This set
of simulations will help us to train our machine learning model. As a result, we will hold a classifier
which will allow to identify a time shift failure from a time series generated from the measures of
sensors monitoring a production line over time.
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In the last part of the PhD project, we will study some metrics to analyze the reliability of manufacturing
systems modeled as timed event graphs and we will propose a safety analysis of these systems.

Expected results:

- Development of a Matlab/Simulink toolbox for timed event graph with time shift fault injection.

- Development of a methodology detection and localization of time shift failures in timed event graphs
based on machine learning techniques.

- Proposal of a reliability and safety analysis method for timed event graphs.
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