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In this presentation, I will review the researches that have been carried out on frequency-domain full-waveform modelling and tomography at the Géosciences Azur Institute since almost one decade. I will first review a finite-difference (FD) frequency-domain method for acoustic wave modelling. This method is based on a direct solver to solve the linear system resulting from the discretization of the wave equation. Extension of this method to a visco-acoustic transversely isotrop wave equation with tilted symmetry axis will be presented. For elastic wave modeling, the staircase approximation of the FD method prevents the accurate modelling of surface waves in presence of complex topography if a very fine FD grid is not used. To overcome this limitation, a discontinuous Galerkin method was implemented on (unstructured) triangular meshes. Two levels of interpolation of the wavefield in a triangular cell (piecewise constant and linear interpolation) can be locally used during the simulation. Advantages of drawbacks of these two levels of interpolation will be discussed. 
Frequency-domain full-waveform tomography (FWT) has been extensively developed for almost two decades as a tool to build high-resolution velocity models at different exploration scales (cross-hole, oil exploration, crustal-scale exploration). I will first review the frequency-domain formulation of FWT and discuss some strategies to mitigate the non linearity of the inversion (hierarchic inversion of increasing frequencies and aperture angles). As any local optimization approaches, frequency-domain FWT requires an accurate starting model if low frequencies are not available in the data. I will illustrate the limits of first-arrival traveltime tomography (FATT) to build a starting model from long-offset data with a foot-hills synthetic case study. I will review an alternative approach recently proposed in the literature based on waveform inversion in the Laplace domain. 
In the end, I will present few real data case studies. The first one corresponds to land data recorded in a thrust belt in the southern Apennines. The velocity models developed by FATT and FWT were used as background velocity models for asymptotic prestack-depth migration. Common image gathers suggested that the migrated image inferred from the FWT model is the most accurate one. Aim of the second case study was to image the crustal structure of the eastern-Nankai subduction zone, offshore Japan, from a network of closely-spaced ocean bottom seismometers. I will discuss the reliability of the FWT models thanks to travel time and waveform modeling performed in the final FWT model.
One perspective of FWT is to evolve beyond the acoustic approximation to image the elastic properties of the underground. I will conclude the presentation with a preliminary application of elastic FWT to onshore synthetic data for which one challenge is to handle the simultaneous inversion of surface waves and body waves. A heuristic strategy will be discussed to mitigate the footprint of the surface waves during the early stage of the inversion.
