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Abstract

Modern aerospace and engineering systems face unprecedented complexity, demanding sophisticated
analysis capabilities to manage uncertainty, optimize resources, and ensure mission success. Traditional
systems engineering approaches are insufficient for addressing the multifaceted challenges of resource
optimization, computational efficiency, risk management, and predictive capabilities required for today’s
complex missions. NASA’s Quantification of Uncertainty Analysis Toolkit (QUAnT) addresses these
critical needs through an advanced digital-twin framework that revolutionizes design and decision-making
processes for complex, large-scale, multidisciplinary systems throughout their operational life cycles.

QUAnT delivers five fundamental capabilities: (1) orders-of-magnitude reductions in computational
cost through multi-fidelity simulation approaches and efficient sampling techniques, (2) maximization of
project resources through optimal allocation and task automation, (3) robust model predictive capabilities
through data-driven learning methodologies, (4) comprehensive uncertainty quantification to efficiently
identify risk drivers, and (5) advanced reliability analyses for rare events through cutting-edge statistical
methods. QUAnT yields a strategic, long-term, high payoff, especially when used early in a project life
cycle. This is advantageous because it increases system knowledge and informs decisions when the design
freedom is higher and cheaper (i.e., well before PDR, when 85

Built upon state-of-the-art methodologies and leveraging artificial intelligence and machine learning
for task automation, QUAnT has demonstrated significant value through successful applications to major
NASA missions such as the Webb Space Telescope and Mars Sample Return. QUAnT has led to better
(10%-50%) technical margin estimates, as well as time and cost savings, such as, for example, ∼1000×
reductions in computational cost for global sensitivity analyses and 75× reductions in resources spent
for test planning and execution. Finally, QUAnT is mathematically proven to deliver the highest-quality
results, ensuring the best information available is at hand when making decisions under uncertainty.

This presentation will describe the conception and implementation of this framework in terms of
methodologies, resources and results. It also highlights its capabilities and the quantitative benefits
obtained in several challenging areas of system design and testing through a few examples of successful
applications.
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