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Summary. Shape is an important phenotypic property of natural objects ranging from plants and trees, to
anatomical organs and human bodies. In particular, people are interested in quantifying the
(dis)similarities between the shape of objects, modelling how the shape of objects vary as the result of
(ab)normal growth, disease progression or interaction with the environment, and modelling and exploring
shape variability within and across populations of objects. There has been a lot of research in this area but
most of them focused on objects that deform only in geometry, i.e. objects that bend and stretch, ignoring
variability due to changes in topology and structure. While this covers quite a wide range of natural
objects, many objects in nature have complex structures that deform over time. Examples include plants,
trees and most of the delivery systems such as leaf veins and blood vessels in human body, and neuronal
structures in the brain.
In this talk, I will present our latest results on the statistical analysis of 3D shapes that have a tree-like
structure. I will particularly focus on botanical trees and plant roots, which we model as tree graphs with
nodes and edges augmented with some geometric properties. We then treat the tree shapes as elements
of a tree-shape space equipped with a proper metric that quantifies geometric and topological
deformations. Geodesics, or shortest paths under the metric, between two points in the tree-shape space
correspond to optimal deformations that align one tree onto another, including the possibility of
expanding, adding or removing branches and parts. Central to this framework is a mechanism for
computing correspondences between trees that have different structures and different number of
branches. The ability to compute geodesics and their lengths enables us to compute continuous blending
between botanical trees, which in turn facilitates statistical analysis such as the computation of averages
and modes of variations of tree structures. We show a variety of 3D tree and root models generated with
our approach from exemplars exhibiting complex geometric and topological differences. We also
demonstrate the application of the framework in reflection symmetry analysis and symmetrization of
botanical trees and discuss its application to growth analysis.
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