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1 Summary in English :

The research topic takes place in the context of inventive design where the best solutions
resulting from the optimization of existing systems cannot meet the objectives. In this case, the
problem solving purpose is to find new ways of solving problems based on inventive principles,
which are leading to solutions that meet the specifications of the problem. These so-called
"inventive" problems are addressed through an approach that allows the problem to be
formulated and represented in a canonical form thanks to the contradictions encountered when
trying to solve the problem based on existing system models.

The thesis will focus on improving the automatic or semi-automatic identification and extraction
of contradictions systems resulting from multi-objective optimizations of production systems.
The applications will focus on the optimization and design of production systems with a cyber-
physical system, and new products designed for the Internet of Things.

The PhD will be performed within the frame of the VIRTFACct project.
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3 Detailed description of the research

Digitization of the Simulation-Optimization- Problem Solving -
Inventive design for industry 4.0 loop

3.1 Introduction: the loop and its application in our context

The purpose of this section is to introduce the links between design, optimization, simulation and
performance improvements before providing the scientific context and issues we want to address
in the next section.
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Figure 2 : Simulation loop optimization and inventive design

The problem of improving a production system is usually triggered by new performance
expectations. After being stated, the problem must be modeled so that it can be addressed by
simulators and optimization algorithms. In this type of problem, the parameters are separated into
two main groups: (1) performance evaluation parameters (PE) that facilitate the evaluation of
system performance and (2) action parameters (PA) that allow designers or optimization
algorithms to seek a solution that meets the objectives. When the objectives are achieved, the
problem is solved. Usually, there are several objectives. When resolving these objectives leads to
a dilemma, a classic approach is to define a compromise between optimal Pareto solutions, none
of which meets all the objectives. These solutions are the best solutions that can be found with the
systems modeled in optimization algorithms and simulators. In the event of a dilemma, the only
way to achieve a solution that meets the objectives is to change the existing system model to a
new one that achieves the desired results.

The TRIZ methodologies make it possible to achieve this objective by qualitatively analysing, on
the one hand, the correlations between the PEs to define dilemmas of objectives (DO) called
technical contradictions (TCs) in the TRIZ and, on the other hand, to identify the PAs parameters
at the origin of the technical contradictions. PAs reflect a design dilemma (DC) called physical
contradiction (CP) in the TRIZ. Previous work has shown that it is possible to take advantage of
the digital data generated during the optimization process to identify contradictions and improve
the efficiency of the optimization process. It was also pointed out that the effectiveness of the so-
called initial situation analysis phase could be improved by the use of data analysis tools. In
addition, the use of TRIZ databases can speed up the resolution process.

In the context of the evolution of production systems, most problems have many parameters of
action and multiple objectives. The advent of new technologies and the Internet of Things (IoT)
will, on the one hand, create the need to evolve systems for many companies and, on the other
hand, change ways of thinking and designing production systems and accelerate the frequency of



reconfigurations. We also wish to be able to use these tools to conduct our research on new system
structures induced by the evolutions mentioned above, including energy, green and human issues
in the context of industry 4.0.

3.2 Scientific context and research issues

The relevance and feasibility of this approach and tools have been evaluated in previous work and
are promising [1-8]. Nevertheless, this work has also shown a problem that we will address in this
project in order to facilitate the processing of cases with many parameters and to speed up the
problem formulation process.

The link between multi-objective optimization and TRIZ has been shown. This contribution
demonstrated the limitations of the TRIZ's contradiction model. In order to deal with this situation,
the generalized system of contradictions was proposed. Subsequently, various researchers
analyzed the problem of identifying generalized contradictions (association between objective
dilemmas and associated design dilemmas) from the data and various techniques were proposed.

To date, the identification of objective dilemmas (DOs) is sufficiently effective for use in projects.
On the other hand, the identification of design dilemmas (DCs) that cause objective dilemmas is
not yet fully resolved. Indeed, the available algorithm is a brute force search algorithm with two
disadvantages. The first of them is related to the calculation time. The search for all DCs is
recognized as a difficult NP problem; in particular, the search time of the brute force algorithm
increases exponentially with the number of PEs of the problem. Thus, this algorithm cannot be
used when there are more than 13 PAs with 2 levels per parameter. The second problem is that
there are often many DCs; the practical question is how to select the most interesting one or ones?
In response to this question, it was proposed to use discriminant analysis techniques based on
automatic learning methods (AML) to identify the parameters and values participating in the
AMLs without knowing the AMLs, thus reducing the amount of data to be processed by the brute
force algorithm. Tests of this approach on real cases have taught us that the joint use of data
analysis methods and optimization methods can help to provide DCs. However, the practical
disadvantage of this method is that it requires discrete optimization skills and data analysis skills
that are not easily gathered during a reconfiguration project. The purpose of this research is
therefore to build a method or heuristic so that DCs can be quickly obtained by engineers usually
in charge of a reconfiguration project without additional resources.

The next step will be to evaluate and integrate these tools into production system design projects.
It should be noted that these tools can also be applied in product design. They are also expected
to be tested for the analysis of simulation results of multi-physical systems as part of the design of
new meta-materials. These explorations contribute to an identified need for the design of
innovative products for the plant of the future.
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