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Next generation of autonomous vehicles will be able to make operational decisions in real-time to
face and cope with unplanned circumstances without compromising the successful completion of their
tasks. Accounting for unplanned circumstances requires the ability to monitor and capture both the
evolution of the system health (self-awareness) and the dynamic change of the surrounding environ-
ment (situational awareness). This form of autonomous reasoning can be formalized as instance of
the general paradigm of a Sense-Infer-Plan-Act flow able to process data into information, informa-
tion into knowledge, and knowledge into intelligent decisions. In the Sense-Infer-Plan-Act framework,
awareness encompasses the ability to (i) sense informative quantities, (ii) use measured data to infer
the state of the system, and (iii) use this estimate to update system capabilities and re-plan opera-
tional strategies. Our studies [1, 2, 3, 4| address the specific problem of supporting self-awareness and
propose to associate the Sense-Infer-Plan-Act flow with measurements (physical quantities that can
be monitored with sensors) and capabilities (quantities that evolve with the state of the system and
limit the operational space). In this framework, we tackle the time-constrained problem of obtaining
efficient estimates of capabilities from sensor measurements; in particular, we consider measured data
that may be incomplete and affected by uncertainties in both sensor location and sensor accuracy.
To achieve this goal, we develop an offline-online methodology that combines model order reduction
and localization techniques into a Multi-Step Reduced Order Modeling (MultiStep-ROM) procedure.
In addition, we propose a novel approach for the identification of the most informative sensor loca-
tions: this strategy couples unsupervised learning techniques with MultiStep-ROM and allows for a
drastic reduction in the number of sensors required to achieve reliable predictions of capabilities and
well-informed decisions. We apply our methodologies to the practical case of autonomous aerospace
vehicles that dynamically adapt their mission to the evolution of their structural state. In particular,
our approaches are demonstrated for the real-time structural assessment of a composite wing panel
undergoing a variety of damage conditions.

References

[1] D. Allaire, D. Kordonowy, M. Lecerf, L. Mainini, and K. Willcox. Multifidelity DDDAS methods
with application to a self-aware aerospace vehicle. Procedia Computer Science, 29:1182-1192, 2014.

[2] L. Mainini and K. Willcox. Sensitivity analysis of surrogate-based methodology for real-time struc-
tural assessment. AIAA SciTech 2015, AIAA Paper 2015-1362, 2015.

[3] L. Mainini and K. Willcox. Surrogate modeling approach to support real-time structural assessment
and decision making. AIAA Journal, 53:1612-1626, 2015.

[4] L. Mainini and K. Willcox. Data to decisions: Real-time structural assessment from sparse mea-
surements affected by uncertainty. Computers & Structures, 182:296-312, 2017.



