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Solid-earth structure and dynamics approached by the intelligent measurement analysis

Tatsu Kuwatani (Research Institute for Marine Geodynamics, JAMSTEC)

In recent years, many attempts have been made to extract the essential information from
various measurement and observation datasets using mathematical and information scientific methods.
Such attempts are sometimes collectively called the data-driven analysis or the intelligent measurement
analysis. The key points of the intelligent measurement analysis are as follows (Fig. 1). Both of the
generating process of data obtained by measurement, or called the measurement process, and the prior
knowledge of the target to be measured are mathematically modeled, and they are incorporated to the
inverse analysis of the physical quantity of the target to be measured. Bayesian inference and sparse
modeling are basic concepts and mathematical foundations for appropriately designing mathematical
problems for such inverse analyses depending on actual problem settings and datasets.

In the presentation, as an example of the intelligent measurement analysis, I will discuss the
research that estimates the three-dimensional magnetization structure inside the Nishinoshima volcano
from the acromagnetic data obtained by drone observations (Tada et al. 2021). In particular, we focus on
the problem of hyperparameter estimation, that is, how to objectively determine the weights of the
measurement process and prior knowledge terms in the evaluation function. In addition, we briefly
introduce a new hyperparameter-estimation method (Kuwatani et al. 2022) with an example of denoising

the X-ray radiographs.
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Fig. 1: Schematic slide for the Bayesian sensing as a key concept of the intelligent measurement analysis





