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Abstract

The goal of an experiment design is to maximise a sensitivity of measured quantities to input
parameters like material properties of theoretical and/or numerical models. The sensitivities
can be formulated either in a local way using local derivatives or in a global way, e.g. using
the variance-based Sobol indices. The advantage of Sobol indices lies in the possibility of their
analytical computation from a polynomial chaos approximation of the model response con-
structed over the domain of model inputs, see [2]. Sobol indices thus allow for quantification
of sensitivity w.r.t. large intervals for model inputs.

For a set of material properties to be identified from a set of measured quantities, irre-
spective of formulation of sensitivity used, all relevant sensitivities form a sensitivity matrix.
During the process of experiment design optimisation, some measure of the sensitivity matrix
is typically applied to formulate a scalar-value objective function. Many widespread measures
are used, let us mention the D-optimality maximising the determinant, the E-optimality max-
imising the smallest eigenvalue or A-optimality minimising the trace of the inverse, all applied
to the information matrix. The choice among those criteria is, however, not straightforward,
especially in case of the globally defined sensitivity matrix. Therefore, we focus on a detailed
comparative study of particular criteria. We investigate their properties using a set of Pareto
optimal solutions obtained by a direct multi-objective maximisation of individual sensitivi-
ties. In particular, we use a multi-objective genetic algorithm using a non-dominated sorting
principle, which can handle a high number of objectives.

The comparison is performed for an illustrative example concerning a non-stationary heat
transfer elaborated in [1]. The experiment is designed for identifying the volumetric thermal
capacity and conductivities in two principal directions from the temperature values observed
at three sensors in 60 equidistant time steps. The specimen is modelled by 2D squared domain
with the prescribed constant heat flux on left and bottom edges and the goal of the given
experiment design is to find optimal positions of three sensors.
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