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Fig. 1. Results of variational feature extraction for common feature curves and surfaces in scalar fields, vector fields, and tensor fields, including ridge surfaces,
vortex corelines, atmospheric jet streams, paths of vortex and bifurcation lines, tensor corelines, isocontours, and paths of ocean eddies.

Across many scientific disciplines, the pursuit of even higher grid resolu-
tions leads to a severe scalability problem in scientific computing. Feature
extraction is a commonly chosen approach to reduce the amount of infor-
mation from dense fields down to geometric primitives that further enable a
quantitative analysis. Examples of common features are isolines, extremal
lines, or vortex corelines. Due to the rising complexity of the observed phe-
nomena, or in the event of discretization issues with the data, a straightfor-
ward application of textbook feature definitions is unfortunately insufficient.
Thus, feature extraction from spatial data often requires substantial pre-
or post-processing to either clean up the results or to include additional
domain knowledge about the feature in question. Such a separate pre- or
post-processing of features not only leads to suboptimal and incomparable
solutions, it also results in many specialized feature extraction algorithms
arising in the different application domains. In this paper, we establish a
mathematical language that not only encompasses commonly used feature
definitions, it also provides a set of regularizers that can be applied across
the bounds of individual application domains. By using the language of vari-
ational calculus, we treat features as variational minimizers, which can be
combined and regularized as needed. Our formulation not only encompasses
existing feature definitions as special case, it also opens the path to novel
feature definitions. This work lays the foundations for many new research
directions regarding formal definitions, data representations, and numerical
extraction algorithms.
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1 INTRODUCTION
In many scientific disciplines, dynamical systems such as the evolu-
tion of the atmosphere or the blood flow in our veins, are described
by spatio-temporal fields, i.e., spatially and temporally varying func-
tions, such as temperature, pressure, wind velocity, etc. Due to the
increasing availability of computational resources, and the ambition
to resolve ever more detail, the grid resolutions and time scales are
rapidly increasing, which entails a serious scalability problem. To
meet this challenge, a data reduction is vitally needed. A common
approach is the extraction of so-called features [Post et al. 2003],
which are structures of interest that are needed for a particular data
analysis. Most contemporary feature definitions in scalar, vector,
and tensor fields are criteria that can be evaluated locally, i.e., we can
test for a given point if it is part of a feature. Examples are extremal
lines and surfaces, vortex corelines, isocontours, parallel vector lines,
or critical lines to name a few. Depending on the amount of noise
in the data and the quality of derivative estimations, these feature
lines (or surfaces) are often pre- or post-processed to become more
smooth, to align with a vector field, or to be close to a structure of in-
terest. Usually, feature extraction and clean-up are done separately,
for example by smoothing the input fields before feature extraction,
or by smoothing the resulting line or surface geometry afterwards.
In this paper, we aim for a more rigorous definition of features, in
which the regularization is directly built into the feature definition.
For this, we need a conceptually different approach. Finding the
optimal feature that not only meets the feature definition, but also
meets all the regularizations as best as possible, leads to an energy
minimization approach that seeks for an optimal curve (or surface)
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