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1. INTRODUCTION
Tensor fields play an important role in many areas of engi-
neering and physics. Due to their inherently large number of
dimensions, it is not easy to visualize and understand these
fields. Therefore, it is important to visualize the data in a
way that represents the physical meaning of the tensor field.
In our application, we focus on stress and strain tensor fields.
We use a texture-based method [3]. The texture is aligned
to the eigenvector fields. The eigenvalues are encoded by the
free parameters of the texture. To improve the impression
of compression and stretching we animate this process. This
approach requires one to control parameters locally, and for
continuous animation our approach requires a sequence of
hierarchical sparse noise input images as basis for texture
generation. Noise generation and sampling are closely re-
lated. Both are concerned with the placement of samples
and their distributions. Many sampling algorithms, such as
jittering, are often used directly to generate noise textures.
Various techniques for generating samples and their proper-
ties have been explored extensively in the area of sampling
and reconstruction theory to avoid aliasing problems. For a
survey on sampling techniques, we refer to [2]. When sparse
noise is used for texture generation, it is less important to de-
termine the exact number of points to be generated. Rather,
the size of the spots and spot distribution become more im-
portant. We specify the spots by size and density. Since
sampling algorithms are mostly concerned with generating
some predetermined number of samples, it is awkward to
utilize existing sampling algorithms for our task. We have
designed our algorithm to generate sparse noise with the
following properties:

• The noise is random, i.e., there are no inherent pat-
terns.

• The density of the noise can be controlled locally, but
the total number of points is not important.

• The distribution of the noise satisfies the Poisson-disk
condition.

• The algorithm can be applied to generate both 2D and
3D textures.

2. SPARSE NOISE
The Poisson-disk distribution is a random pattern where no
two disks overlap. One simple approach to generate random
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Figure 1: Three frames of an animation sequence
of 100 LIC images rendered with hierarchical sparse
noise. The density is changing from uniform (a) to
non-uniform (c) behavior.
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Figure 2: Assignment of eigenvalues to free param-
eters in two dimensions.

samples having a Poisson-disk distribution is the dart throw-
ing algorithm. It mimics the stochastic Poisson-disk process
by successively adding random points to a point set. New
points are accepted if no other point is inside the Poisson
disk. Unfortunately, this process is not guaranteed to termi-
nate. Some representative work on generating samples with
Poisson-disk distributions include Mitchell’s best candidate
algorithm [5], and McCool and Fiume’s decreasing radius al-
gorithm [4]. While both algorithms are more efficient than
the dart throwing algorithm, they are still expensive for gen-
erating large number of samples. The idea behind the noise
generation algorithm is fairly simple and intuitive. Given
a set of dense uniformly generated random points, P, and
some distance, d, we want to select points in P such that no
two points are closer than d. The set of selected points, S,
defines a sparse noise texture that satisfies the Poisson-disk
distribution. The algorithm uses two main steps to generate
the sparse noise texture. In the initial step, a stratified set
of random points, P, is generated to define candidate spots.
The resolution of the stratification depends on the desired
density of the resulting sparse noise. Once the initial set of
random jittered points is generated, the algorithm traverses



the set of points and decides whether each candidate spot
should be inserted into S, the resulting texture. A candidate
is selected when it satisfies the following criteria:

• The point has not been checked previously, and

• it does not overlap with any other selected spot in S.

In our visualization, a set of hierarchical sparse noise tex-
ture is used to generate a sequence of slowly changing LIC
images. It is important to maintain coherence from frame
to frame in the animation. The changes between the frames
should be minimal to avoid flickering. Given a set of initial
stratified random points P, a sequence of n uniform sparse
noise textures generated from P is hierarchical, if the set of
spots Si of each texture Ti has the following relationship
with subsequent textures:

S1 ⊆ S2 ⊆ S3 ⊆ · · ·Sn−1 ⊆ Sn ⊆ P (1)

The textures should also maintain Poisson-disk distribution.
It is fairly straightforward to extend the sparse noise gener-
ation algorithm to generate textures with hierarchical char-
acteristic. In more general cases, Equation 1 is only true
locally.

3. VISUALIZATION
To motivate our approach, we briefly describe the tensor
fields we are interested in, namely stress and (velocity) gra-
dient tensor fields. The behaviors of stress tensor fields and
gradient tensor fields are very similar. For a gradient field
tensor and for stress and strain tensors positive eigenvalues
lead to a separation of particles, or expansion of a probe.
Eigenvalues equal to zero imply no change in distances, and
negative eigenvalues indicate convergence of particles, or
compression of the probe. Figure 2 shows the mapping from
metric to texture parameters in two dimensions. A complete
description of this metric can be found in [3].

To visualize the change of distances and angles that repre-
sent the metric we use a texture that resembles the behav-
ior of a piece of “fabric” when stretched or compressed and
bent according to the metric. Large values of the metric,
indicating large distances, are illustrated by a texture with
low density or a stretched piece of fabric. We use a dense
texture for small values of the metric. One can also think of
a texture as a probe inserted into the tensor field. The tex-
ture is generated using LIC, a very popular method used for
vector field visualization. LIC blurs a noise image along the
vector field or integral curves. Blurring results in a high cor-
relation of the pixels along field lines, whereas in directions
perpendicular to field curves almost no correlation appears.
The resulting images lead to effective depictions of flow di-
rection everywhere, even in a dense vector field. (LIC was
introduced in 1993 by Cabral and Leedom [1], and there
have been many extensions and improvements to make it
faster [6] and more flexible.)

We compute a LIC image for every eigenvector field to illus-
trate the eigendirections of a tensor field. To approximate
the integral curves we use a Runge-Kutta method of fourth
order, and the LIC image is computed using FastLIC as
proposed in [6]. In each LIC image, the eigenvalues of every

eigenvector field are integrated using the free parameters of
the underlying noise image and the convolution. Eventually,
we overlay all resulting LIC images to obtain the fabric-like
texture. The free parameters of the input noise image de-
termine the properties of the fabric. These parameters are:
density, spot size, and color intensity of the spots. Consid-
ering these parameters, the standard white noise image is
the noise image with maximum density, minimal spot size,
and constant color intensity. It allows one to obtain a very
good overall understanding of the field; its resolution is only
limited by the pixel size. But it is not flexible enough to
integrate the eigenvalues that represent fundamental field
properties besides directionality. For this reason, we use
sparse input images, with lower density and larger spot size
even if we obtain a lower resolution. The connection of these
parameters to the eigenvalues is described in Figure 1.

4. RESULTS AND CONCLUSIONS
We have evaluated our method for a data set generated via
numerical finite element simulation. This data set repre-
sents a stress field where different load combinations were
applied to a solid block. This data set is well-understood by
engineers and therefore appropriate to evaluate our method.
The simulation had been done for a ten-by-ten-by-ten grid.
The tensor field resulting from the simulation is continu-
ous inside each cell, but not on cell boundaries. This fact
can also be observed in our images. The three-dimensional
data set represents a block to which two forces with oppo-
site sign are applied. We have used one slice of the block
and generated sparse textures based on local eigenvalues.
Using our hierarchical non-uniform sparse noise generation
algorithm, we created a video showing a smooth animation
of the changing process. Figure 1 shows the result after ap-
plying LIC to non-uniform sparse textures. These images
make possible a good visual segmentation of regions of com-
pression and expansion. (Red indicates compression, white
represents no change, and green refers to expansion.)
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