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Abstract Results

3D images of porous materials often exhibit
topologically homogeneous structure meaning
any sufficiently large sub-volume statistically
resembles any other. Our project investigates
this homogeneity hypothesis using persistent
homology (PH) on a very large 3D binary image of
a porous medium. We aim to determine how
topological features (like connected components
and loops) scale with sample size and whether
their normalized measures converge, indicating a
representative volume. The motivation is both
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evaluated to quantify different topological
features: BO represents the number of connected
components, Bl corresponds to the number of
loops, and B2 represents the number of cavities.
Once we had persistence outputs for a given cube,
we counted the number of finite persistence pairs
(i.,e. the number of topological features, or
‘generators’) in each homology dimension (BO, B1,
B2) and summed their lifespans to obtain total
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observing the material with an expanding
window. We also later consider disjoint non-
overlapping cubes to check spatial uniformity. - e el
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different physical locations in the sample, not

just different sizes. To carry out PH on a large 3D
Image, we use two complementary approaches:
Alpha Complexes (via GUDHI)[1]: We treat the
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Summary

e Convergence of Topological Metrics: Both
the number of features per volume and the
total persistence per volume converge to
constant values as the cube size increases. By
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discrete solid and void voxel coordinates as 1.0 around a 200° voxel subdomain, the
point clouds and compute an alpha complex generator density and persistence density
filtration, which is a simplicial complex built on 0.8 % é é stop changing appreciably with further size,

the points at increasing radius. Using the GUDHI "'/’/F/ ‘ . Indicating a representative elementary
library, we obtain persistence diagrams for volume for topology has been reached.
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subdomains taken from different locations in
Fig. 4 #Generator Density vs Cube Size using Alpha Complexes the material exhibit nearly identical
for overlapping cubes (Here ‘generator’ means one persistent top olo gi cal measures.

topological feature i.e. one point in the persistence diagram) ) ]
Homogeneity Confirmed: The agreement

between two very different PH approaches
(alpha complexes vs. distance-based) and the

0.6 -

Homcloud: Total Persistence Density [BEO,B1,B2]

Fig. 1: 2D cross-section of Fig. 2: 3D binary image uiiiion stabilization of all measured metrics strongly
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support that the material is topologically
Distance-Transform PH (via HomCloud)[2]: We homogeneous.
also apply HomCloud, a persistent homology
software optimized for image data. HomCloud
uses a signed distance transform on the binary

Image to create a filtration: one phase (e.g. void
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Fig. 5: Total Persistence Density vs Cube Size using Homcloud’s
Distance Transform for overlapping cubes




