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Figure 1: Visualizing particle-based simulation data with efficient ray tracing. We describe several optimizations that tailor the coherent grid traversal algorithm for
efficient and effective visualization of particle-based simulation data. Our approach renders images of datasets with millions of particles at highly interactive rates
and also provides run time control of several advanced visualization features, including color mapping, illumination effects from soft shadows, and parameter
range culling. The interactive performance of our approach compares favorably with other particle visualization systems.

1 INTRODUCTION

We describe an efficient algorithm for visualizing particle-based
simulation data using fast packet-based ray tracing and multi-level
grids. In particular, we introduce optimizations that exploit the
properties of these datasets to tailor the coherent grid traversal
(CGT) algorithm [5] for particle visualization, achieving both im-
proved performance and reduced storage requirements.

2 COHERENT GRID TRAVERSAL FOR PARTICLE DATASETS

Several observations about glyph-based particle visualization per-
mit optimizations over and above those employed by the original
CGT algorithm. First, a sphere S with center C and radius r is sym-
metric, so determining whether S overlaps a frustum F is analogous
to testing whether C is in the r-neighborhood of F . In particular, we
can test whether the distance from C to any of the bounding planes
of F is less than r. Second, testing whether the distance from C to
the planes of F is less than r is the same as testing whether C is
inside another frustum Fr that has been enlarged by r. By travers-
ing the grid using the enlarged frustum, only those spheres whose
centers lie inside that frustum must be tested for intersection, and
therefore each sphere must be stored only in the cell in which its
center is located. We call this approach the sphere-center method.

To facilitate a more efficient traversal, we leverage the macrocell
hierarchy described by Parker et al. [2]. Each level in this hierarchy
imposes a coarser grid over the previous level, and each macrocell
corresponds to an M!M!M block of cells in the underlying level.
We currently use a simple two-level hierarchy: one level of macro-
cells imposed on top of the actual grid.

SIMD shaft culling, which is used in the original CGT algorithm,
relies on primitives that posses planar edges, a property which
spheres do not exhibit; hence, this fast culling technique is not ap-
propriate for our application. However, if the distance from the
center of a given sphere to any of the planes of the bounding frus-
tum is greater than the radius of the sphere, the rays bounded by the
frustum cannot intersect the sphere. We use this test to quickly cull
non-intersecting spheres.

In addition to its position and radius, up to four values repre-
senting properties from the simulation can be stored with each par-
ticle. To gain additional insight into the behavior of a simulation,
investigators often isolate particles with parameters that take on a
particular value or that lie within some range of values. We cull
particles whose range of values do not overlap the currently valid
range, thereby avoiding unnecessary intersection tests. To support
this interaction, macrocells must store the minimum and maximum
values of each data variable across all of the particles they contain.

Dataset Our CGT RTRT GPU-based
Bigler et al. [1] Gribble et al. [3]

Cylinder 100.20 12.60 5.78
JP8 99.88 6.90 17.40
Bullet 126.93 11.90 2.56
Thunder 40.86 14.90 8.10
Foam 14.33 6.40 2.04
BulletTorso 18.31 13.50 1.56

Table 1: Comparison of particle visualization methods. Frame rates achieved
using our modified CGT algorithm and two state-of-the-art interactive particle
visualization systems.

Soft shadows from area light sources provide important visual
cues about the relative position of objects in complex datasets.
Packets of coherent shadow rays are generated by connecting the
hit point corresponding to a given primary ray with some number
of samples on an area light source [4]. Secondary ray packets then
traverse the grid using the modified CGT algorithm in a manner
identical to that used for primary ray packets.

3 RESULTS

We compare the performance of our approach with two recent sys-
tems that, to our knowledge, represent the current state-of-the-art in
interactive particle visualization. The first is based on an optimized
single ray grid traversal algorithm [1], while the second leverages
programmable graphics hardware and software-based acceleration
techniques [3]. The results in Table 1 show that our modified CGT
algorithm compares favorably with these systems.
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