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This is a research proposal where I present the rationale of funding my
travel to Tokyo in August of 2023 to attend the 10th International Congress
on Industrial and Applied Mathematics (ICIAM). During my attendance, I
will present a talk titled “Capturing surfaces using differential forms”. The
talk will be a part of the Computational methods for interfaces in physics and
mechanics minisymposium, which is organized by Prof. Antonin Chambolle
and Prof. Blaise Bourdin.

The talk that I am preparing to present is based on my recent paper,
Computing minimal surfaces with differential forms, originally published
in ACM Transactions on Graphics [7]. In the paper, my co-author and I
explored a new numerical representation of geometries (curves and surfaces)
called current, which originated from the study of geometric measure theory
(GMT). In physics and mechanics, researchers are often studying the evolution
of a surface or an optimization problem where the geometry itself is the
variable. Existing numerical representations of geometries (surfaces and
curves) either explicitly store positions of the vertices and a combinatorial
structure of the connectivity, or implicitly encode the geometries as the level
set of a function, lacking the capacity to represent geometries with nonempty
boundaries. Our GMT-based representation simultaneously provides the
capacity of representing geometries with boundaries as well as the convenience
of continuous and differentiable changes in topology. We demonstrate in our
paper how this new geometry representation applies to the classical Plateau
problem, the problem of finding the surface of minimal area subject to a
prescribed boundary curve (or a prescribed set of boundary curves). Our
geometry representation allows us to continuously search for solutions of a
variety of topologies, bypassing all re-meshing steps in existing algorithms
like [5]. Furthermore, the GMT-based representation mirrors the view point
of simplicial geometry where the boundary operator is linear. As a result, we
convert the classically nonconvex Plateau problem into a textbook convex
problem– a convex, norm-like functional to minimize, along with a linear
constraint. Our computational method utilizes the recent development of
Alternating Direction Method of Multipliers (ADMM) [1] and Fast Fourier
Transform (FFT), making the minimization process both fast and robust.
In addition, I will also cover an extended work in my talk, DeepCurrents:
Learning Implicit Representations of Shapes with Boundaries. In the extended
work, my co-authors and I used Fourier features together with deep neural
network to discretize currents to achieve infinite resolution as well as a
data-driven auto-encoder of surfaces with boundaries [4].

The GMT-based geometry representation has a lot of potential for future
computational methods, for its flexibility with topology changes, differentia-
bility, and an easy linear operator to compute the boundaries. In Computer
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Vision, researchers are always searching for better numerical representations
for geometries [3, 6, 2], aiming to solve problems in inverse-rendering, relight-
ing, and generative models for geometries. My talk at ICIAM is a valuable
opportunity to for me to reach and exchange ideas with mathematicians
outside the community of computer graphics and computer vision, which
is where my original papers were published. In particular, computations
involving geometries is a fundamental problem in almost all numerical meth-
ods in physics and mechanics. This is especially true in the modeling of
material fracture, with which I had direct research experience and proposed a
complicated method to track the topological changes of an evolving fracture
interface [8].

Attached below are rendered images of our computational results of
Plateau problems. I appreciate AWM’s consideration of my application, and
I look forward to hearing from the award committee.

Figure 1: Predicting the topology of the solution to Plateau problem has
always been a difficult problem. Our computational method can handle
arbitrary boundary curves and always find the global minimizer for Plateau
problem. Left: minimal surface with boundary prescribed as the Borromean
rings (prescribed in squared shapes). Right: minimal surface with boundary
prescribed as five arbitrarily positioned circles.

References

[1] Tom Goldstein, Brendan O’Donoghue, Simon Setzer, and Richard Bara-
niuk. Fast alternating direction optimization methods. SIAM Journal on
Imaging Sciences, 7(3):1588–1623, 2014.

2



AWM Travel Grant – Research Proposal Stephanie Wang

[2] Xiaoxu Meng, Weikai Chen, and Bo Yang. Neat: Learning neural implicit
surfaces with arbitrary topologies from multi-view images. Proceedings of
the IEEE/CVF Conference on Computer Vision and Pattern Recognition,
June 2023.

[3] Ben Mildenhall, Pratul P. Srinivasan, Matthew Tancik, Jonathan T.
Barron, Ravi Ramamoorthi, and Ren Ng. Nerf: Representing scenes as
neural radiance fields for view synthesis. In ECCV, 2020.

[4] David Palmer, Dmitriy Smirnov, Stephanie Wang, Albert Chern, and
Justin Solomon. DeepCurrents: Learning implicit representations of
shapes with boundaries. Proceedings of the IEEE/CVF Conference on
Computer Vision and Pattern Recognition (CVPR), 2022.

[5] Ulrich Pinkall and Konrad Polthier. Computing discrete minimal surfaces
and their conjugates. Experimental mathematics, 2(1):15–36, 1993.

[6] Towaki Takikawa, Joey Litalien, Kangxue Yin, Karsten Kreis, Charles
Loop, Derek Nowrouzezahrai, Alec Jacobson, Morgan McGuire, and Sanja
Fidler. Neural geometric level of detail: Real-time rendering with implicit
3D shapes. 2021.

[7] Stephanie Wang and Albert Chern. Computing minimal surfaces with
differential forms. ACM Trans. Graph., 40(4), July 2021.

[8] Stephanie Wang, Mengyuan Ding, Theodore F. Gast, Leyi Zhu, Steven
Gagniere, Chenfanfu Jiang, and Joseph M. Teran. Simulation and visual-
ization of ductile fracture with the material point method. Proc. ACM
Comput. Graph. Interact. Tech., 2(2), July 2019.

3


