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My Research
Shape Spaces Shape Optimization

Model Order Reduction Scientific Machine Learning



Shape Spaces



General Idea

Topological Object

Space of Realizations
Different Cost for

Different Deformations



Applications

Computer Vision Computer Graphics Medical Image Analysis



Applications

Computer Graphics

[von Radziewsky et al., Computers & Graphics 2016]



Applications

Medical Image Analysis

[Stouffer et al., Nature Communications 2024]



Space of Immersions

all immersions of the 
surface into space

(for meshes: vertex positions)

we ignore rigid 
transformations



Rayleigh’s Paradigm
cost of (small) deformation = heat lost due to internal friction

Elasticity-based Metric
Elastic Shell Energy

Goal
Membrane Energy Bending Energy



Path Energy – Continuous & Discrete
Path Energy

Time-discrete Geodesics [Heeren et al., 2012; Rumpf and Wirth, 2015]
A discrete geodesic                       is a minimizer of

Geodesics
Minimizers of the path energy are geodesics



Question:
How can we augment our shape space to obtain self-
avoiding surfaces?



Intersection-Free Shape Space



Ingredient: Repulsive Energy

Tangent-Point Energy [Buck and Orloff, 1995] 

CHRIS YU, CALEB BRAKENSIEK, HENRIK SCHUMACHER, KEENAN CRANE. 2021. “Repulsive Surfaces”. ACM Transactions on Graphics 40

Repulsive for α > 4 

with

R = radius of smallest sphere tangent to x and passing through y

Definition: Repulsive Energy 

A surface energy is called repulsive if it explodes (i.e. goes to infinity) 

if the surface approaches self-intersection.



Graph Manifold

original metric local change in potentialnew metric

Crucial Observation



Repulsive Path Energy – Continuous & Discrete
Continuous Path Energy

Discrete Path Energy



Discrete Path Energy

Repulsive Path Energy – Continuous & Discrete



Discretization & Numerics

Multipole Approximation Adaptive Refinement Spatial ProlongationTemporal Refinement

Trust-Region Based Optimization

Discrete Surfaces

Triangle Mesh

Piece-wise Affine Immersion

Discrete Shells Energy [Heeren et al., 2014]



Examples



ExtrapolationInterpolation

Averaging Bonus



Excellent



Avoiding Obstacles

Obstacle



Simplifying Tedious Work



ExtrapolationInterpolation

Averaging Bonus



Curling a Leaf



ExtrapolationInterpolation

Averaging Bonus



Averaging



ExtrapolationInterpolation

Averaging Bonus



Isometric Embeddings Hyperbolic Disk

Flat Torus



Octopus in a Box



“It is easier for a camel to go through the eye of a needle, 
than for a rich man to enter into the kingdom of God.”

Matthew 19:24





Thank you!
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