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Abstract

Many industrial issues are related to excursion set estimation problems, formulated as the esti-
mation of a set of feasible black box model input values, that is the set of model input values
satisfying a constraint on a model output, for example to remain below a fixed threshold (see for
example [2]). An effective way to solve this problem is to model the costly black-box function
of interest as a realization of a Gaussian process (GP). This surrogate model is learned thanks
to a sequential Design of Experiments, whose points are chosen in the design space X ⊂ Rd,
accordingly to the optimization of an acquisition criterion (see [5] for more details). The Bichon
criterion [1] is a classic criteria for excursion set estimation which provides a good compro-
mise between exploring the design space and exploiting the knowledge around the excursion set
boundary.

In this work, we focus on black-box costly models with vectorial output defined by G :=
(G1, . . . , Gp). Partial excursion sets are then defined by :

∀ i ∈ {1, . . . , p}, Γ?
i := {x ∈ X, Gi(x) ≤ Ti}. (1)

In [3], the authors proposed a criterion suitable for estimating the intersection set of partial
excursion sets. In the application which motivates our study, namely a pre-calibration stage of
a simulator for the design of floating wind turbines, knowledge of input values feasible for all
output components is not sufficient. This is why this work aims to estimate simultaneously each
partial excursion sets for each output. It enables to know for a given design space point, which
output component exceeds its respective threshold.

In the first part, we introduce two natural multi-dimensional (p = 2) approaches based on
the one-dimensional Bichon criterion. The first approach (called Alternating Scal) optimizes
each Bichon criterion alternatively between the two components. The second approach (called
Pareto Scal) is associated with some Pareto solutions of the bi-objective optimization problem
of Bichon criteria. These two procedures use as many classic GP models as outputs (one for each
component). Then, we propose a vectorial extension (called Vect) of the Bichon criterion based
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on the minimum of the distances between each component of the GP and its corresponding
threshold. This extension is naturally based on a multi-output GP model which takes into
account the correlation between the outputs (see [4] for details) and requires calculation of
orthants probabilities of multivariate normal distributions.

The different methodologies proposed above are compared on several analytical examples (with
2 then 4 input components and 2 output components), including the example below of the
augmented Hartmann 4d function with 2 components and their associated thresholds T =
(−1,−1.6). Work on implementing these methods on the target application (application to the
pre-calibration of a simulator for the design of floating wind turbines) is in progress.
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Figure 1: Boxplots of partial relative errors (and sum), for the different criteria, in the case of 40 init.

DoE of size 20 with 100 iterations, for the augmented Hartmann 4d function with T = (−1.6,−1).
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