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Abstract

Structured grids and some of their applications in natural sciences are discussed. The problem of their visualiza-
tion and quantitative evaluation is considered and possible ways for its solution sketched. Resampling a structured
grid onto a regular one is one of the possible solutions offering the additional benefit of opening up more possibili-
ties for qualification and quantification, too. Some methods for achieving this goal are presented, their advantages
and disadvantages compared, and preliminary results from the application of our own method shown.

Categories and Subject Descriptors (according to ACM CCS): 1.3.6 [Computer Graphics]: Graphics data structures

and data types

1. Introduction

In natural sciences like geological or material sciences, mea-
surement data are often acquired on topologically regular but
geometrically irregular sampling grids. Topologically regu-
lar data is data that can be accessed in rectangular fashion
using an i-j-k index. Such grids are commonly referred to as
structured grids!. Subsequent FEM-calculations run on such
grids provide their results naturally also on these (or related)
structured grids. But it is often desired to obtain results on
regular sampling grids - for purposes like visualization or
quantification. The question is how to achieve this. Basically,
it is an interpolation problem for a specific kind of data—
structured one. Scattered data interpolation methods would
work, but since they don’t take into consideration the topo-
logical regularity of the structured sampling grid, they can’t
be expected to deliver optimal results. Brute-force methods,
like finding for each of the resampling points the enclosing
cell of the structured grid, and interpolating a new value from
the cell vertices would also work but only very slowly and
inefficiently which is infeasible in a production environment.
‘We encountered this problem in connection with earth mea-
surement data pertaining to a specific mining area in Ostrava,
CR, and collected on a structured grid over decades (Fig. 1).

It has been used in numerous simulations ever since for
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Figure 1: A mining area with a structured grid used for col-
lecting measurement data.

calculating and predicting the stress situation in the area.
This was done on another structured grid suitable for doing
the FEM-calculations (Fig. 2).

Subsequently, the simulation results were visualized and
used for judging the present and future stress situation in the
area. Unfortunately, only two-dimensional cut-plane images
were possible with the calculated structured grids carrying
the simulation results (Fig. 3).

Our task was initially to propose and develop an effi-
cient structured grid visualization method. After studying
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Figure 2: A structured grid over the mining area used for
FEM-calculations.
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Figure 3: A cut-plane through the results of an FEM-
simulation stress situation.

the problem and considering the previous work in the field,
we reached the conclusion that visualization is only part of
the task, and actually more is needed—vis. precise mea-
surements and quantitative statements. For achieving the
goal, we decided the best way to go is through resampling
the whole structured dataset and generating a regular vol-
ume/grid. This would allow the use of legacy volume visual-
ization methods—which abound in soft- and hardware? mean-
while, and also enable the use of quantification techniques
on the resampled data, like calculating volumes, areas and
lengths.

2. Previous Work

Having clarified the goal, we set about studying the field
of resampling various sample grids and learning about spe-
cific techniques for regularizing structured grids. Astonish-
ingly enough, a thorough research of the literature didn’t
turn up any specific reference for resampling structured data
grids. There are some papers dealing with isosurfacing of
such grids*#, or visualizing them? °, or resampling!-7 resp.
visualizing? % % 10 unstructured grids but not a single one
deals with the problem at hand!

However, isosurfacing or DVR visualization is often not
enough or not even applicable—e.g. when there are no im-
plicit surfaces in the data set at hand, or when more then just
visualizing the data is required, e.g. quantitative measure-
ments.

3. Method and Implementation

Having realized that, we decided to develop our own method
from scratch.

For realizing our goal, we chose to implement Gaussian
splatting in a first step. It consists of the following approach:
each sample of the structured grid is injected and spread
(splat) over a spherical neighborhood in a new regular, carte-
sian grid. While doing so for every sample of the structured
grid, the newly calculated distribution values are accumu-
lated in the initially empty voxels in the new grid/volume.
The radius of the splats is controlled through an input pa-
rameter and depends ideally on the average inter-sample dis-
tance of the original structured grid. The sample values in the
splats fall off towards the periphery of the sphere according
to a 3D Gaussian distribution, i.e. Gaussian splatting.

The method was implemented in the framework of our
volume processing and visualization package VORTEX!! us-
ing our f3d-file format and library for storing and manipu-
lating volumetric data sets'?> which was specifically extended
to deal with structured grids. It was then tested on simulated
and real structured grids.

The next steps would be to compare this first results
with such from a typical scattered data interpolation method,
e.g. Shepard interpolation, or nearest-neighbor interpolation,
and also with results achieved through a generalized scan-
conversion method, which still has to be developed and im-
plemented. This is left for the future now.

4. Results

We implemented Gaussian splatting in the framework of our
VORTEX package'!: 13 and tested it on simulated structured
grids we calculated from the MRI dataset of the brain which
has been in the public domain for test purposes for quite a
while now and also on the earth measurement and simulation
data we introduced in the beginning.

Figure 4 shows an original slice of the MRI dataset.

Figure 5 shows the corresponding slice of an artificial
structured data set derived from the first one by severely un-
dersampling it as clearly seen.

The result of applying Gaussian splatting on this resam-
pled structured grid is seen in Figure 6 and, in our opinion,
clearly shows the potential of the method.

The method was then applied to the structured grid data
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Figure 4: An original slice from an MRI dataset.

Figure 5: The corresponding slice of an artificial structured
grid.

from Fig. 1. The results of resampling the earth measure-
ment data from this mining area comprise now a regular vol-
umetric dataset. It was then visualized applying direct vol-
ume rendering as implemented in our VORTEX. One image
from the resulting animation sequence is shown in Fig. 7.

Many more visualization possibilities are now open with
the resampled regular volumetric dataset as well as evalua-
tion ones.
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Figure 6: The resulting slice after Gaussian splatting.

Figure 7: A volume-rendered visualization of the resampled
grid.

5. Conclusions

Resampling structured grids is a necessary operation and
a still not completely solved but interesting problem. Pro-
viding effective and efficient algorithms for performing the
resampling operation would open up the whole meanwhile
vast field of volume visualization means and methods. This
seems the better way to go instead of developing specific
structured grid visualization algorithms. The more so, con-
sidering the fact that visualizing the structured grid is often
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only part of the task—the other part consisting usually of
answering quantification queries like calculating volumes,
areas and lengths in the resulting grid of simulation results
which is also much easier done on regular grids. We showed
in our preliminary study that Gaussian splatting is a promis-
ing and worthwhile way to go. The next steps would be to
implement other resampling methods, e.g. scattered data in-
terpolation, or scan conversion, and see how they compare in
terms of efficiency and results’ quality with Gaussian splat-
ting.
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