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Introduction

This poster highlights recent developments in the field of modelling
multivariate and spatial uncertainty under scarce data in the context
of interval and imprecise probabilistic analysis. Specific problems with
respect to independence in intervals are tackled for both frameworks.

Hereto, new methods for the modelling of dependence between mul-
tiple intervals and interval fields are presented, as well as a framework
for the definition and modelling of random fields with imprecision in
both the central moments, as in the covariance structure. Case studies
are included to illustrate the developed methods.
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How to model multivariate uncertainty in this case? E.g.,:
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Multivariate dependent interval analysis

Dependence between two intervals is modelled by an admissible set D:
DgwI:a;{xxgx---xa:fli
How can we model D in general d; dimensional space?
~ Probabilistic context: copula pair constructions (CPC)

Idea: translate CPC towards set-theoretical framework for the
definition of dependence between multiple intervals:
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Cross-dependent interval field analysis

How to model cross-interdependence between two interval fields (V! (r)and (2) g T (r)?
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Idea: apply multivariate dependent interval analysis to couple interval scalars in series expansion

via a diagonal band admissible set, which is in case of negative dependence: 4
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This limits the joint admissible set of both interval fields for each location in the model domain, as
illustrated in the example.

Imprecise random field analysis

Imprecise random field via Karhunen-Loeve given intervals on mean,correlation length and variance:
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Fach stochastic realisation is as such an interval field and each interval
realisation is a random field.

Problem: not all realisations in 1/ A1} () form a complete Karhunen-
_oeve basis due to to the (in)dependence problem of intervals

dea: apply an iterative solution that ensures a complete basis:
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This yields set of correlation lengths £* that provide the bounds on the responses
of monotonic models, as illustrated in the example of the car dynamics.

Imprecise multivariate analysis under limited data
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lllustration of cross-dependent interval fields

One dimensional domain 2 that is discretized into 10 elements (2.
On this domain, two interval fields with respectively 3 and 2 control
points are defined and their cross-dependence is modelled using
the presented approach using the admissible set decomposition
coupling.

Both homogeneous (left), i.e., all §;; are equal, and heterogeneous
(right) cross dependence are illustrated.
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Car dynamics are modelled as a damped state-space model. The base
excitation is modelled as zero-mean imprecise Gaussian random field
with interval-valued correlation length and standard deviation:

o’ =[0.0015;0.003] m and L’ = [2;15] m
The output quantity of interest is the acceleration of the sprung mass.
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