
Continuous Self-Collision Detection for Surfaces of
Deformable Tetrahedral Objects Based on Charge

Distribution
Sai-Keung Wong

National Chiao Tung University, Taiwan, R.O.C.
Email:cswingo@cs.nctu.edu.tw

Chiao-Chin Yeh
National Chiao Tung University, Taiwan, R.O.C.

Email:iversongeorge12@hotmail.com

Abstract—In this paper, we propose a new method
to accelerate continuous self-collision detection for the
surface of a deformable tetrahedral object. Our method
segments the surface of the deformable tetrahedral object
based on charge distribution. Charge distribution is used
for analysing the structure of the deformable tetrahedral
object. In general a region with less charge means that
the region is a concave part locally. Segment boundaries
are computed for the concave parts. After segmenting the
surface of the deformable tetrahedral object, we obtain a
set of clusters. As the surface of the deformable tetrahedral
object is closed and 2-manifold, we can apply the radial
view-based approach for culling. To do so, we compute
the interior vertices of the deformable tetrahedral object
as the observer points for the clusters. Our method can be
applied at the first stage of collision detection. Compared
with ICCD method, our method achieves up to 2X speedup
factor.
Index Terms—continuous self-collision detection, tetra-

hedral objects, charge distribution, object decomposition

I. INTRODUCTION
Collision detection is an important technique

which is widely used in applications such as
games, virtual reality, robotics, and medical science.
The traditional bounding volume hierarchical-based
methods (BVH-based methods) have reached a bot-
tleneck. This is due to that the BVH traversal must
be performed until the leaf nodes are checked even
though a deformable surface is free of collision.
Recently, a radial view-based culling method

(RVBC method) is proposed for continuous self-
collision detecion (CSCD) of skeletal models [10].
The method is employed for closed and 2-manifold
meshes with skeletons. The method can be inte-
grated with existing methods at the first stage of

collision detection. The idea of the RVBC method is
stated as follows. Consider that there is one detector
point (or observer point). In each time step, the
triangles of a deformable surface can be classified
into three types with respect to the detector point:
positive, negative and uncertain. Collision occurs
only in two cases: (1) positive triangles and negative
triangles; and (2) uncertain triangles and all the
other triangles. An example is illustrated in Fig. 1. If
all the triangles are positive within the current time
interval, the deformable surface is free of collision.
The RVBC method is suitable to smooth surfaces.
In the RVBC method, observer line segments are
also supported for handling surfaces with sharp
geometric features. Please find details in the paper
[10].
In this paper, we propose a new method for

performing CSCD for the surfaces of deformable
tetrahedral objects. Our idea is that we analyze the
charge distribution [13] of the surface of a tetrahe-
dral object. In local regions, less charge appears in
concave parts than the charge appears in the convex
parts. The concave parts are easier for deformation
in general. Thus, we compute segment boundaries
around the concave parts and then divide the surface
of the tetrahedral object into clusters. The clusters
are bounded by the segment boundaries. After that
we compute detector points (or observer points) for
the clusters. At the runtime stage, we apply the
RVBC method to prune away non-colliding triangle
pairs. We have evaluated the performance of our
method with various deformable tetrahedral models.
Our major contributions are stated as follows: (1)
We propose to analyse the parts of a deformable



tetrahedral object that are easily deformed so as
to segment the surface of the object in favour of
CSCD. (2) A simple cluster-growing and cluster-
shrinking technique for computing clusters based
on charge distribution. (3) We propose to apply
the RVBC method for CSCD of the surface of a
deformable tetrahedral object.

Fig. 1. The concept for RVBC method. q is a detector point. Within
each time interval, triangles are classified into positive, negative and
uncertain. In this case, collision occurs between positive triangles and
negative triangles.

II. RELATED WORK

In the following we review the related work in
collision detection and object decomposition.

A. Collision Detection
Volino and Thalmann proposed the concept of

normal cones and contour tests [9] to accelerate
the process of discrete self-collision detection. Grin-
spun and Schroder extended the normal cone-based
method to subdivision-surfaces [3]. A surface is
divided into several patches at the preprocessing
stage. At the runtime stage, self-collision check is
performed for each patch by performing a contour
intersection test. Provot [5], Wong and Baciu [11]
and Tang et al. [7] extended the method to con-
tinuous self-collision detection. Schvartzman et al.
proposed star-contour [6] to accelerate contour tests.
The approach was developed based on the visibility
of a contour with respect to a precomputed kernel.
In CSCD [2], collision occurs between two types

of feature pairs: vertex-triangle and edge-edge. For
each feature pair, there are four vertices. For a non-
adjacent triangle pair, there are 15 feature pairs
(6 vertex-triangle pairs and 9 edge-edge pairs). An
elementary test has two steps to compute the contact
time of two features: (1) check if the four vertices
are coplanar in the time interval and (2) check if the

distance of the two features is less than or equal to
a threshold. [5] and [2] calculate the roots of cubic
equations of feature pairs as the coplanar times.
Deforming non-penetration filters [8] are proposed
to accelerate elementary tests. Instead of solving a
cubic equation directly, the coplanar condition of
four vertices is checked first. Some other methods
can be found in [12] and [14].

III. OVERVIEW

Fig. 2. Flow chart.

We focus on CSCD for the surface of a de-
formable tetrahedral object. In this case, the surface
is closed and 2-manifold. Hence, we can apply the
RVBC method to accelerate CSCD. Our method is
suitable to surfaces which are smooth. There are
two stages in our system: preprocessing stage and
runtime stage. At the preprocessing stage: we load
a deformable tetrahedral object and compute charge
density of the surface. We analyse the charge distri-
bution and then perform object decomposition. After
object decomposition, we obtain a set of clusters (or
called detector-regions). Each cluster is a connected
component and it consists of a set of triangles. We
compute a detector point for each cluster. Finally
the BVH of the surface is constructed.
At the runtime stage, we update the animation

data. In each time step, we perform the following
tasks. We refit the bounding volumes of the BVH.
The triangles are classified with respect to their
detector points. After that we update the counters
of all the nodes of BVH. The counters are used for
recording the number of negative and uncertain tri-
angles. An orientation check is performed for each
cluster. If all the triangles of a cluster are positive,
then the cluster is free of collision. Otherwise, the



BVH traversal and elementary test processing are
processed.

IV. CHARGE DISTRIBUTION AND OBJECT
DECOMPOSITION

For brevity in the following discussion, we use
object to refer to deformable tetrahedral object.
Fig. 3 shows the steps for object decomposition.
In order to identify the easily deformed regions of
an object, we could analyze the physical properties
of the object. In this paper, we adopt a simple
approach based on charge distribution to identify
the concave parts of the model and then perform
object decomposition.

A. Charge Density Computation
We adopt the approach proposed in [13] to com-

pute charge distribution. The surface of the object is
treated as a perfect charged conductor. The charge
is usually distributed over the surface in the convex
regions or at the fringes of the object. In the concave
parts, there is relatively less charge. Those regions
with less charge are usually easily deformed when
external forces or body force exert on the regions.
Based on this observation, we analyze the charge
distribution over the surface. We trace the strength
of charge in local regions and compute segment
boundaries for the regions that have less charge than
their neighbourhood regions. Please refer to [13] for
computing the charge distribution. Fig. 4 shows the
results of charge distribution of different objects.

B. Object Decomposition
Our objective is to decompose the surface into

clusters based on charge distribution. We find tri-
angles for dividing the surface into clusters such
that each cluster is a connected component. The
intuitive idea is that we want to find a set of triangles
which are connected and they form a loop. Then we
compute a segment boundary for each loop so as to
segment the surface.
We perform histogram equalization for charge

density values of all the triangles [4]. The idea
is that the charge density of each triangle is re-
computed so as to improve the contrast of the
charge density. We use an array CDF to record the
accumulative numbers of triangles that have charge
density less than or equal to a certain amount. That

Fig. 3. Procedure steps of object decomposition: (a) Input surface.
(b) Computation of charge density. Charge density is encoded in gray
level. (c) The result after performing histogram equalization. (d) The
result of segments the triangles with charge density lower than α

(e) The resultant contour edges produced by segment-growing and
segment-shrinking. (f) The result of object decomposition. Clusters
are color-coded.

Fig. 4. The results of charge distribution of different objects: Pawn,
Dumbbell and Luigi. The gray level represents the intensity of charge.
The darker color means lower charge density.

is that CDF [i] is the number of triangle whose
charge density is less than or equal to i. Hence,
CDF [255] = N as we have N triangles. After the
elements of CDF are computed, the original charge
density values are mapped to new charge density
values as follows:

chargeDensity
new[i] = CDF [i]/N. (1)

We choose a threshold α and mark all the tri-
angles whose charge density is less than α. The
marked triangles are grouped and the connected
triangles are treated as a boundary segment. We
then trace the contour of each boundary segment.
If a boundary segment has two contours, then this



boundary segment can be used for splitting the
surface into two parts. In some cases, a boundary
segment may be almost formed a loop but some
triangles of the boundary segment has charge den-
sity higher than α. We will then perform segment-
growing process to make the boundary segment
form a loop. To do so, we check whether or not
the number of triangles of the boundary segment is
larger than a threshold β, where β is a constant that
is proportional to the total number of triangles of
the surface (i.e. N).
We define that a triangle T is adjacent to a

boundary segment if there exists a triangle of the
boundary segment that is adjacent to T . A segment-
growing process is illustrated in Fig. 5. We first
store all the triangles of a boundary segment to
a list called cuttingList and store all the triangles
adjacent to the boundary segment into another list
called growingList. We group the triangles that are
adjacent to growingList. If there is only one group,
the triangles in growingList are stored to cuttingList
and the process is repeated. On the other hand, if
there are two groups of triangles in growingList,
then the triangles in cuttingList separate the surface
into two parts. The segment-growing process is
terminated.
After performing the segment-growing process,

we need to compute the segment boundary in cut-
tingList. This is done by performing the segment-
shrinking process. We remove the triangles one
by one from cuttingList if the triangles are at the
contour of the boundary segment. If a triangle has
two edges belonging to two contours, then the
triangle is called a cutting triangle. The cutting
triangle cannot be removed. If a triangle is not a
cutting triangle, we remove it from cuttingList and
then update the contour. The segment-shrinking pro-
cess is performed repeatedly until all the triangles
in cuttingList are cutting triangles or the process
cannot be performed further. After that the contour
with the shortest length is picked as the segment
boundary. Finally, the clusters are simply the regions
bounded by the segment boundaries.

C. Detector-Points
We compute detector-points for each cluster after

object decomposition is performed. A good detector
point is that most of the triangles of the cluster are

Fig. 5. The segment-growing method. The light green triangles and
dark green triangles belong to cuttingList and growingList, respec-
tively. (a) Before segment-growing, put the triangles into growingList
if they are adjacent to the boundary segment. (b) Store the triangles
in growingList to cuttingList. (c-f) Repeat steps (a) and (b). (f) The
triangles in growingList form two disconnected contours (marked as
red and orange) and the segment-growing process is terminated.

positive with respect to the detector point within
each time step interval. A good choice for a detector
point is an interior node of the (deformable tetrahe-
dral) object. We select the interior node closest to
the centroid of the cluster as the detector point.

V. RADIAL VIEW BASED CULLING FOR CSCD
After we have computed the clusters and observer

points we apply the RVBC method to perform
CSCD during the runtime stage. Due to the space
limitation in this paper, please refer to [10] for
details. Algorithm 1 shows our algorithm.

VI. EXPERIMENTAL RESULTS
We set α = 0.1. It indicates that if the charge

of triangles in a bin is less than 10% charge den-
sity, then they are processed for forming segment
boundaries. β was set to N/400 due to preliminary
experiments. We compared our method with ICCD
[7] which is the representative work for CSCD.
The experiments were performed on an Intel (R)
Core (TM) 2 Quad CPU and Q9400@2.66GHz
Graphics Card with 4GB RAM. The deforming
non-penetration filters [8] were employed in all the
methods in the elementary test processing. The type
of bounding volume was 14-DOPs. We solved the



Algorithm 1 Collision Detection Process
Begin Preprocessing Stage
Compute charge distribution
Perform object decomposition
for each cluster do

Perform segment-growing
Perform segment-shrinking
Compute a segment boundary

end for
Refine clusters based on segment boundaries
Build BVH
End Preprocessing Stage

Begin Runtime Stage
for each time step do
Refit BVH
Radial-view update: classify triangles; update
BVH
for each cluster C do
if radial view test for C is not passed then
Perform intra-cluster check for C

end if
end for
Perform inter-cluster check
Perform elementary test processing

end for
End Runtime Stage

linear system by ALGLIB 3.4.0 libraries [1]. It took
several seconds to solve the linear system and it took
under a second to segment the surface of the object.

A. ICCD method
The ICCD method was proposed in [7]. It is

a normal cone-based method and the segments of
the surface are implicitly represented by the sub-
hierarchies. The method ignores adjacent triangle
pairs in collision detection and thus the performance
of ICCD is fast. However, collision may occur
between some feature pairs but these feature pairs
belong to the adjacent triangle pairs. In order to
handle such feature pairs, they are stored in an
orphan set. During the runtime stage, the feature
pairs in the orphan set are processed. Furthermore,
in order to avoid duplicate feature tests, procedure
representative triangles are proposed. The method
also performs a contour test for the contour of a

cluster of triangles. This is done by projecting the
edges of the contour onto a plane and then followed
with intersection tests for the edges. An AABB-
tree structure is adopted for accelerating the process.
Please refer to [7] for details.

B. Results
There are three benchmarks, as shown in Fig. 6:
1) Pawn: A pawn model falls to ground. The
model has 3454 vertices and 5130 faces.

2) Dumbbell: A dumbbell model falls from high
to low. It has 1249 vertices and 1710 faces.

3) Luigi: A character model falls to ground. The
character has 2433 vertices and 4014 faces.

Table I shows the results: BVHUP: average exe-
cution time for BVH update; OC: average execution
time for orientation check; CNC & CT: average
execution time for continuous normal cone and
contour test; TRA: average execution time for BVH
traversal; CT: average execution time for performing
elementary tests; TTCD: average query time of
collision detection.

TABLE I
TIMINGS FOR THE THREE BENCHMARKS.

Method BVHUP OC CNC& CT TRA ETP TCD
(msec) (msec) (msec) (msec) (msec) (msec)

Pawn
Ours 3.0 0.9 - 1.1 1.8 6.8
ICCD 3.1 - 7.3 3.2 2.7 16.3

Dumbbell
Ours 1.0 0.3 - 0.2 0.3 1.8
ICCD 0.9 - 2.3 0.5 0.5 4.2

Luigi
Ours 2.3 0.6 - 0.9 0.7 4.5
ICCD 2.4 - 6.5 1.9 1.5 12.2

ICCD: The main difference between ICCD and
our method is that we divide a surface into clusters
based on charge distribution. Our method is likely to
obtain fewer clusters than ICCD. For example, our
method computes one cluster for a sphere surface
but ICCD computes at least two clusters or more.
Notice that the performance of our method degrades
if the number of negative and uncertain triangles
increases. In fact, our method is complementary to
ICCD and hence can be integrated with ICCD. For
example, if the object is deformed in a moderate
manner, our method can be applied first. On the
other hand, ICCD can be applied if the object
deforms severely. ICCD can be also applied to other



Fig. 6. The snapshots of three benchmarks: Pawn, Dumbbell and Luigi.

deformable surfaces but our method is restricted to
surfaces of deformable tetrahedral objects.

C. Limitations
Our algorithm has some limitations. Our ap-

proach must calculate the charge density of each
triangle but the matrix is dense. In object segmenta-
tion, the surface must have significant concave areas
so that we can divide the surface into clusters. Our
method may fail to compute a proper cluster in some
cases, such as shown in Fig 3(c). Luigis inner thighs
are obviously concave. However, our method does
not compute the clusters for them because of the
thighs are smooth along the lateral direction.

VII. CONCLUSION AND FUTURE WORK

We presented a method to analyze charge distri-
bution for segmenting the surface of a deformable
tetrahedral object into clusters. The segment bound-
aries are computed for the concave parts as they
are easily deformed. Clusters are bounded by the
segment boundaries and the interior nodes of the
deformable tetrahedral object are selected as detec-
tor points. We apply the radial view-based culling
method to perform CSCD for the surface. In the
future, we would like to develop an efficient method
for segmenting the surface based on the physical
properties of deformable tetrahedral models.
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