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Fig. 2. Synthetic noisy scalar field. Extremal structure of a) V φ
k0

, b) V φ
kn−23 and c)

V φ
kn−11. Minima, saddles and maxima are depicted as blue, yellow and red spheres,

while 0-separatrices and 1-separatrices are shown as blue and red lines.

and compute the incident p-separatrices.

In the vector case, we also need to extract all periodic orbits. Due to the 2D
manifold structure, p-streamlines can not split when the first node is a 1-node.
Therefore, the extraction of periodic orbits is quite simple. First, we iterate over
all 1-nodes. Given a node u1, we start the computation of the p-streamlines that
emanates at u1. Each streamline is continued as long as the following node w1

is not yet labeled, in which case it is labeled with u1. If the label of w1 equals
u1 we add w1 to a set of seed points. We then iterate over all seed points to
compute all periodic orbits.

4 Examples

In this section, we present three applications of the computational framework
presented in Section 3. The framework was implemented as a module in the vi-
sualization and data analysis software Amira [17]. The integrated visualization
capability of this software framework was used to assess the relevance of the
computed extremal structures and the practical quality of the approximation
Algorithm 1. The visualization of the abstract representation of the input data
as a matching in an edge weighted graph proved to be very useful in the devel-
opment of correct and efficient algorithms.

We first illustrate the ability to extract the extremal structure of a scalar field
where noise is present. We then apply our framework to a vector field on a 2D
manifold to show the physical relevance of the hierarchy of extremal structures
(3). The paper is concluded with an application to extremal lines of curvature
fields of a discrete 2D manifold.

4.1 A Synthetic Noisy Scalar Field

To illustrate the robustness of our data analysis framework, we applied it to
a synthetic data set depicted as a height field in Figure 2. The data set was
produced by sampling the analytic function f : [−1, 1]2 → R


