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Physical properties of porous and granular materials critically depend on
the topological and geometric details of the material micro-structure. For
example, the way water flows through sandstone depends on the connectivity
and diameters of its pores, and the balance of forces in a grain silo on the
contacts between individual grains. These materials are therefore a natural
application area for persistent homology.
Our work with x-ray micro-CT images of complex porous materials has re-
quired the development of topologically valid and efficient algorithms for
studying and quantifying their intricate structure. For example, simulations
of two-phase fluid displacements in a porous rock depend on network mod-
els that accurately reflect the connectivity and geometry of the pore-space.
These network models are usually derived from curve-skeletons and water-
shed basins. Existing algorithms compute these separately and may give
inconsistent results. We have shown that Formans discrete Morse theory,
informed by persistent homology, provides a unifying framework for simulta-
neously producing topologically faithful skeletons and compatible pore-space
partitions [1,2]. Our code package, diamorse, for computing these skeletons,
partitions and persistence diagrams is now available on GitHub. The code
contains several optimisations that allow it to process images with up to
20003 voxels on a high-end desktop PC.
This software is enabling us to explore the connections between topology,
geometry and physical properties of sandstone rock cores and granular pack-
ings. We have recently shown that persistence diagrams display a clear signal
of crystallisation in bead packings [3], and percolating length scales in sand-
stones [4].
This talk is based on joint work with colleagues at ANU (Canberra) and
Katharine Turner at EPFL (Lausanne).
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