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ABSTRACT

A digital twin is a virtualization of a physical asset built upon a set of computational models that dynamically
update to persistently mirror a unique asset of interest throughout its operational lifespan, enabling informed
decisions that realize value.

The talk covers the health monitoring, predictive maintenance, and management planning of civil structures [1],
with a focus on railway bridges. The asset-twin coupled dynamical system is encoded using a probabilis-
tic graphical model which provides a general framework for data assimilation, state estimation, prediction,
planning, and learning while accounting for the associated uncertainty. The time-repeating observations-to-
decisions flow is modeled using a dynamic Bayesian network. Real-time structural health diagnostics are
provided by assimilating sensed data with deep learning models.

The framework is then extended to increase the robustness to rare events of digital twins modeled with graphical
models. We incorporate probabilistic model-checking and linear programming into the Bayesian network to
enable the construction of risk-averse digital twins [2]. The key idea is to model with a random variable the
probability of the asset to transition from one state to another, thus defining a parametric Markov decision
process. We refine the optimal policy at every time step resulting in a better trade off between operational costs
and performances.

We showcase the capabilities of the proposed framework with a structural digital twin of a railway bridge and
an unmanned aerial vehicle and its adaptive mission replanning.
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