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Application of Dimensionality Reduction Techniques to Uncertainty Analysis in Sonic Boom Loudness Evaluation
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Abstract
The sonic boom loudness is affected by flight and atmospheric conditions, which requires a robust low-boom design for
supersonic transport that can withstand variations in these factors. Therefore, sonic boom analysis considering uncertainties
in flight and atmospheric conditions is required. However, the total number of uncertain variables can be very large because
they can be defined at many altitudes within the atmospheric profile, making it difficult to define appropriate conditions.
In this study, we aimed to achieve efficient uncertainty analysis of sonic boom utilizing dimensionality reduction techniques,
and to gain new insights into which atmospheric conditions contribute to the sonic boom loudness. The uncertainty analysis
combined with the dimensionality reduction techniques of the active subspace method could reduce the dimensionality of
the uncertain input variable space as well as the computational cost for reasonable uncertainty analysis. It was confirmed
from the uncertainty variables in the low-dimensional uncertain input variable space that the sonic boom loudness was

largely affected by relative humidity near the ground.
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Fig.1 Sonic boom analysis
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