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Presentation of the subject:
Building accurate models of the interior of the Earth are essential to understand the dynamics and evolution of the planet and support decisions about natural resource and hazard management. To build accurate earth models we rely on numerical methods that allow us to model the full physics of acoustic/elastic wave propagation. Numerical methods, however, provide approximate solutions to the physical equations, therefore the constant research for finding more accurate numerical methods with less computational/human requirements is always an important topic of research.

Two (of the most) popular numerical methods used today in seismological applications are: the Finite-Difference method (FDM) and Spectral-Element method (SEM), each with advantages and disadvantages. The FDM (Moczo et al. 2014) is the easiest to implement and to use, but cannot handle complex earth models. The SEM (Komatitsch and Tromp 1999), on the other hand, allows modeling of complex earth scenarios but it requires large human efforts to create numerical meshes (e.g. topographic variations).

In this PhD project we aim to introduce a new numerical method in seismology: the Radial Basis Function method (RBFM) (Fornberg and Flyer (2015)) to solve (for the first time) the (acoustic/elastic) 3D wave propagation problem. This will allow us to model complex earth scenarios (overcoming the FDM limitations) and to avoid the mesh generation process problem (overcoming the SEM limitations), thus bridging the gap between the FDM and SEM.

Specifically, using the RBFM, this project aims to solve the acoustic/elastic wave equation in 3D highly heterogeneous models with different boundary conditions. We will test accuracy, computational costs and the simplification of the model implementations in comparisons with FDM and SEM. This project thus constitutes the basis to perform future realistic (full) 3D seismic wave propagation simulations, where the task to create numerical meshes is avoided, therefore allowing to simplify (and accelerate) the imaging process of full waveform modeling and inversion (FWI) techniques.

FWI techniques are an important tool used today to create more accurate images of the interior of the Earth (see Tromp 2020 for a review) and the PhD project presented here will not only bring benefits to FWI in the geo-scientific community but also others fields like medical imaging. Full-waveform modeling (and inversion) of the human body are newly developed/applied techniques that have been imported from the geosciences and started to be used (recently) to breast cancer detection and imaging of the human brain (e.g. Guasch et al. 2020, Agudo et al. 2018, Yuan et al. 2023).

The application of FWI to medical imaging have been the main motivation to (recently) create startup companies (see 1 ad 2) that (enormously) help to bridge the (urgently needed) gap between the University and Industry. This directly impact our educational programs allowing to create sustainable bachelor, master and PhD projects at the IPGP with applications that will widen the future employment opportunities of (our graduated) earth scientists and will bring more candidates to our Institute. 

Additionally, the applications of Radial Basis Functions (RBF) do not stop at at brining benefits to numerical modeling and FWI only. RBF make up the core of artificial intelligence techniques like the Radial Basis Function Network (RBFN), which is a particular type of (artificial) neural network that is useful in cases where data need to be classified in a non-linear way (Park and Sandberg 1993). This project thus will, for the first time, combine numerical modeling of wave propagation and artificial intelligence, opening a completely new area of research in seismology. 
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