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Abstract

Particle-based models produce various, flexible and optimized animations. Intrinsically, they are neither based

on a boundary representation nor on volumetric objet meshed representations. Thus, they raise rendering issues

since they do not contain enough geometrical information and do not even provide an underlying spatial topology.

Consequently, various geometrical shapes can be used to render a motion produced by a meshless model, leading

to different visual interpretations. To our knowledge, there is no generic methods to associate any set of points in

motion with a topology-based geometric model.

In this paper, we propose a framework to map arbitrary volumetric meshes to arbitrary point-based motions and

to control the topological changes. Therefore, from only one motion description, different visual results can be

obtained. This framework breaks down into three distinct processes: a particles to vertices mapping, the definition

of a motion function and the definition of topological modifications and events triggering them. We show how the

manipulation of these parameters allows to experiment different mappings for a particular motion and that our

framework includes most of previous known mappings.

1. Introduction

In the past decades, physically-based animation took advan-
tage of particle-based models such as proposed by [LC84,
MP89] for animating viscous fluids or deformable colliding
object. Unfortunately, since they are not based on a given
topology, they raise rendering issues. Physically-based an-
imation methods turned to meshed representations of ani-
mated objects such as Finite Element Methods [TPBF87] or
mass-springs methods [Pro95] to alleviate this problem.

Although mesh-based methods produce impressive ani-
mations, particle-based models offer more freedom and ver-
satility. For example, meshed models do not easily handle
versatile and evolutive shapes. In these cases, the modularity
and genericity of particle-based models have proven to be
more suitable [KANB03].

Using a particle-based model does not require to define
any given spatial topology: the initial organization of the
particles can be used to define the initial and predetermined
shape to visualize. This shape then follows the displace-
ment of particles and is rendered through point based ren-
dering techniques [MKN∗04], implicit surfaces [DCG95], or
meshes [MHTG05].

However, establishing a relationship between a set of par-
ticles of a mechanical model and a shape is not straightfor-
ward. For the approach to be flexible, the mechanical model
has to be independant from the initial shape, the motion map-
ping and to the parameters leading to topological changes.

In this paper, we formalize a motion/geometry mapping
(MGM) which defines the relationships between point-based
motions and meshed models. Our main contribution is to
provide some flexible means to represent and control the
evolution of displayed shapes and their topology. More pre-
cisely, we define a set of parameters to easily control the
impact of the particles motion on the associated mesh. We
use a volumetric topological representation to describe and
modify shapes with inner structures, which can be an issue
without topological information.

Section 2 presents related works and discusses their ad-
vantages and limitations in this context. Section 3 describes
our physical and geometrical models. Section 4 details mo-
tion/geometry mapping the MGM. Considering this defini-
tion, a classification of other works and some experimental
results are given in section 5. Sections 6 and 7 present future
works and a conclusion.
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2. Related work

Many works link the physical elements and the representa-
tion of the mesh to simulate material behaviour [MG04] or
handle topological modifications [OBH02]. Such methods
provide both shape and topology of the displayed object so
that the mechanical and visual parts are similar or closely re-
lated [DBB11,FGBP11]. In this context, topology control is
ensured through direct modifications of the mesh by remesh-
ing the physical domain [MBF04] or adapting mechanical
parameters [FDA05].

To avoid the representation of physical elements, the usual
solution consists in placing a small number of particles on
the mesh, the vertices of this latter are then moved based on
an interpolation of the displacement of the particles. Most
methods following this principle use the Shape-Matching in-
terpolation method. This idea was introduced by Müller et
al. [MHTG05] to simulate elastic deformation and was ex-
tended by Rivers et al. [RJ07] to reduce computation times
and obtain smoother and more complex deformations. The
use of oriented particles has also been proposed to handle
singular patterns of particles [MC11]. Creating an animation
based on this principle still implies a strong link between
the geometry and the movement. In our context, the motion
of the particles is an entry point and may be undersampled
compared to the needs of rendering.

If no initial shape is given, automatic coating methods can
be used. Implicit surfaces were first used as they intrinsi-
cally deal with topological changes [WMW86]. Another ap-
proach to visualize meshless models is to provide a skinning
which may result from a classical surface reconstruction ap-
proach. In [CG93], an isosurface is extracted from a scalar
field which is constructed from a sum of radial basis func-
tions defined at the center of each particle. With these kind
of methods, the spatial proximity automatically controls the
topology. If two particles are near, their potential functions
and their associated surface merge. In [DCG95], Desbrun et
al. extend this approach by using a blending graph to avoid
unwanted blending and simulate precise contacts between
different bodies. However, implicit surfaces do not represent
well shapes containing sharp edges.

Using a volumetric representation allows to simulate in-
ner structures or tearing effects. To our knowledge, no work
treat the Motion/Geometry Mapping (MGM) for volumetric
representation. This is usually due to the lack of a strong
topological representation.

In this paper, we provide a thorough description of the
mapping between a predefined motion description and a
volumetric geometry. We identify the inherent parameters
which provide control over the animation. These parameters
allow us to generate a panel of animations from a unique mo-
tion. We thus provide tools for animators to create different
visual results by working on parameters and shapes only.

3. Models and notation

In this section, we define the physical and geometrical mod-
els used for our MGM. They are both based on atomic ele-
ments and thus allows to follow a bottom-up approach.

3.1. Physical model

To generate motions, we use the generic CORDIS-ANIMA
system [LJF∗91] as it allows to model motions without any
notion of shapes or specific geometric or visual represen-
tations. This system is a modular and discrete formalism,
based on the concept of mass-interaction, which is a net-
worked cellular implementation of Newtonian principles.
The manipulated concept are only point masses, forces and
action-reaction physical principles between any part of the
network to another without any spatial contiguity or prox-
imity criteria. That is why it allows to design models of dy-
namic phenomena, not exclusively spatial or visual but also
acoustical and haptic. In computer animation, it allowed the
simulation of phenomena such as plasticity, friction or frac-
tures [LG97]. Animations are produced without any trace of
underlying spatial structure.

Our method is not limited to the use of CORDIS-ANIMA.
We only require a frame by frame description of positions
evolving through time. Thus, other sources of kinematic in-
formation can be used, such as motion capture information.

3.2. Geometrical model

The geometrical model corresponds to the moving mesh that
can be altered with respect to the motion defined in the phys-
ical model. Actually, the mesh can come from any source: it
may be generated from the initial positions of the particles
or come from any external source. Nevertheless, in order to
get a rigorous object representation and to ensure topological
consistency, we want the mesh to rely on a robust topological
model. Therefore, we use generalized combinatorial maps
defined in [Lie94] that model manifolds of dimension 2 or
more. Note that similar topological models have been used
in physical simulations, to treat specific operations such as
gluing, cutting or more generally mesh evolution [LT07].

Our framework describes any object as a combinatorial
map subdivided in topological cells (i.e. vertices, edges,
faces and volumes). Each cell is made from grouping atomic
topological elements. Relationships between those atomic
elements are defined in such a way that retrieving adjacency
relations between cells of different dimensions is fast and ro-
bust. Also, the definition of this model insure that topologi-
cal modification always represent a consistent mesh. Using
a volumetric representation of objects allows us to represent
inner fractures or structures. Using a surface representation
would forbid the identification of inner holes and would nar-
row the scope of our MGM.

We use the CGoGN library [CGo] that provides an effi-
cient implementation of this model. It also provides tools to
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manipulate the topology of meshes along with an attribute
manager that allows to attach information (such as geomet-
rical embedding or color) to each cell.

4. Motion/Geometry Mapping

The MGM defines how the geometrical model is mapped to
the physical model. This mapping is used to determine the
behaviour of the geometrical model according to the dis-
placements of the particles. We decompose the MGM in
three parts as shown in figure 1: a geometrical mapping, a
motion mapping and the handling of topological changes.
The geometrical mapping defines the part of the geometri-
cal model influenced by each particle. The motion mapping
defines how the motion of particles is transmitted to the ge-
ometrical model. Finally, the topological changes allow to
manipulate the mesh structure and thus redefine the geomet-
rical mapping.

The MGM initializes a geometrical mapping to perform
motion mapping. In most cases, this operation is only per-
formed at the start of the animation, or when a topological
change occurs. Further details are given in the following.

Figure 1: Flowchart describing the mapping between phys-

ical and geometrical models.

4.1. Geometrical mapping

The geometrical mapping associates each particle with a set
of topological cells of the mesh. Usually those cells corre-
spond to vertices, we propose a formalism allowing to use
edges, faces and volumes as well. This association relies on
a two-step algorithm. The first step defines a weight function
such that for any pair (Ci,Pj), with Ci a topological cell and
Pj a particle, a real value is given. The second step consists
in filtering the topological cells Ci associated with the parti-
cles Pj, depending on this value. In other words, a first step
allows to evaluate the influence of particles on vertices, the
second one allows to limit this influence to given areas. This
mapping is used in both motion mapping and topological
mapping.

4.1.1. Weighting

The weighting step can use different kinds of parameters,
such as geometrical, topological or hybrid weightings. For
instance, a geometrical weighting consists in associating
each pair (Ci,Pj) with a distance: the farther Ci is from Pj,
the higher (or the lower) the value becomes.

Different kinds of topological weightings can be defined
and mainly follow the flood-fill algorithm principle, as de-
scribed below.

We consider a topological representation as a graph with
nodes (cells of the mesh) of dimension i (0 ≤ i ≤ 3) and
arcs (adjacency relationships representing a cell linking two
nodes) of dimension j 6= i. If nodes are vertices and arcs are
edges connecting vertices, we get the classical representa-
tion of meshes.

An initial relationship has to be done to determine which
nodes of the graph are roots for the flood-fill algorithm. For
example, we can choose the nearest vertex(ices) from a parti-
cle as root(s), or all vertices of a volume including a particle.
After the initial relationship is done, a Dijkstra-type flood-fill
algorithm is used and minimal weights are chosen whenever
different paths lead to the same nodes. The algorithm stops
as soon as all nodes have been processed.

Hybrid weighting is also worth considering. The principle
is the same as above, but weights are associated with arcs
and/or nodes depending on geometrical criteria, such as vol-
umes or local curvatures. This allows the algorithm to favor
some flooding area.

Figure 2 shows a topological weighting for a given parti-
cle on a graph representing the mesh. Once roots are chosen
in the graph, all linked nodes are given a weight related to
their distance to those roots.

4.1.2. Filtering

Once all weights have been set for each pair (Ci,Pj), they are
multiplied by coefficients assigned to each particle Pj. They
allow the user to modulate each particle influence and thus
have more control on the geometrical mapping as shown in
figure 3. Finally, we assign a subset of all the particles Pj to
each cell Ci.

This subset comes from a filtering operation based on the
previously defined weights. For example, we can associate a
cell with the particle having the minimum weight, particles
within a given weight interval, or keep a specified amount of
particles.

Depending on the kind of filter used, weighting operations
do not have to be completely performed. The filtering may
use criterions allowing to shorten the flooding operation.

At the end of the geometrical mapping, each vertex knows
which particles guide its displacements.
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physical particle

un�ooded topological cell

�ooded topological cell

adjacency relationship

initial association

Figure 2: A topological flood-fill algorithm: a weight is

given to each cell of the topological graph according to its

distance to the physical particle. A 3-uple {Ci,Pj,v} repre-

sents the weight v assigned to the pair (Ci,Pj).

4.2. Motion mapping

The motion mapping describes how those vertices are moved
according to the displacements of their associated particles
from one timestep to another. The idea is to have a frame
of reference from which the displacement can be defined.
This reference frame can be either the previous frame or the
initial frame. This motion mapping is highly constrained by
the cardinality of the sets of particles. Translation requires
only one particle, whereas scaling and rotation require two
particles at least.

Different effects can be created depending on the cardi-
nality of particles/vertices associations. If only one particle
describes the motion of a cluster of vertices, this cluster is
animated as a translating rigid block without rotation. When
several particles are used for displacements, we can use dif-
ferent approaches such as a mean displacement, a Shape-
Matching algorithm [MHTG05], or other kinds of interpola-
tion. Depending on the method, a transformation matrix or a
displacement field is computed in order to move the related
vertices.

We describe below different approaches to compute the
new positions of vertices of the mesh at time t+1 depending
on the previous positions of particles. Its versatility lets us
imitate many methods found in the literature.

Figure 3: A tetrahedral model containing seven particles,

shown as red dots on the left. A topological flood is used, the

filtering operation keeping at least one particle per vertex.

Results of the filter are shown on the top right: different par-

ticles weights change the geometrical mapping. Below: the

smoothly varying weights are shown for two particles before

the filtering operation.

In the following, we note xt and pt
j the respective posi-

tions of a vertex of the mesh and of a particle j at time t.

4.2.1. Computing a transformation matrix

Methods such as Shape-Matching propose to compute a
transformation matrix based on a reference frame. It con-
sists in minimizing the moving least square error. The prin-
ciple to compute the rigid transformation matrix is expressed
in equation 1. The optimal rotation R is computed using the
covariance matrix and Jacobian rotations. The translation T

is considered as the vector between the barycenters of the
reference shape and the current one.

v
t
i = p

t
i − (

N

∑
i=1

p
t
i)/N

ε(R,T) =
N

∑
i=1

‖ωi(v
t
i − (Rv

0
i +T ))‖ (1)

In equation 1, vt
i is a vector from the particle i to the

barycenter of the set of particles in their current position,
N is the number of particles and v0

i is the same particle vec-
tor when the meshless model is in its reference shape. The
parameter ωi defines a parameter used to weight the particle
significance in the motion.

A transformation matrix is computed for each cluster of
particles induced by the geometrical mapping.

4.2.2. Computing a displacement field

We explain how to compute displacement fields for the ver-
tices according to the displacement of particles. Formally,
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the displacement field is defined as follows:

x
t+1 = x

t +D(xt) (2)

where D is an interpolation function based on the dis-
placement of the particles associated with x between
step t and step t + 1 . An alternate version consists in
computing this function using the initial position of the
particles and t + 1, as usually done in mesh deformations
works [MHTG05, MQ07].

Various strategies can be adopted:

Mean functions: The simplest strategy consists in
computing the mean of the particles displacements,
independently from xt .

D(xt) = (
N

∑
i=1

p
t+1
i −p

t
i)/N (3)

When associated with a geometrical mapping selecting ex-
actly one particle per vertex, we call this motion mapping
“direct mapping”.
This solution can be improved by weighting each displace-
ment:

D(xt) =
N

∑
i=1

λiφ(‖p
t
i − x

t‖)(pt+1
i −p

t
i) (4)

where φ is any decreasing function from R
+ to R

+, and each
λi is computed to satisfy the condition expressed in equation
5.

N

∑
i=1

λiφ(‖p
t
i − x

t‖) = 1 (5)

Barycentric functions: This strategy is based on a geo-
metric mapping selecting exactly 4 particles in dimension 3.
It consists of the weighted mean of the displacement where
each xt has λi as barycentric coordinates.

D(xt ) =
N

∑
i=1

λi(p
t+1
i −p

t
i) (6)

Radial basis functions: Interpolation functions based on
Radial Basis Functions (RBF), defined in [Mic86] for sur-
face reconstruction, have been used for point-based mesh
deformation in [BK05]. In our case, we make use of this
method to compute a displacement field. Three scalar dis-
placement fields D0, D1 and D2 are defined for each axis of
the 3D space. The equation for axis i (with pt

i, j being the i-th
coordinate of pt

j) can be written as :

Di(x
t) =

N

∑
j=1

λ jφ(‖p
t
j − x

t‖)+a0 +
3

∑
k=1

akx
t
j,i (7)

Gaussian, shifted log, quadratic and inverse quadratic func-
tions are used as φ functions with various results as shown

later in figure 7. To compute λ j and ai, we refer the reader
to the papers cited above.

Depending on the selected geometrical and motion map-
pings, different effects can already be achieved. The property
of local or global influence change the way the geometry fol-
lows the motion. However, those parameters alone do not al-
low to handle topological changes of the meshes during an
animation.

4.3. Topological mapping

During a simulation, evolution of particles may lead to some
topological and geometrical changes. We measure compres-
sion and elongation on the physical and/or the geometrical
models at each time steps to identify events inducing topol-
ogy modifications.

As soon as an event is caught, specific topological modifi-
cations are triggered, which include adding or removing ma-
terial, glueing or separating topological cells, local remesh-
ing, subdivision, and so on.

When an elongation (or a compression) is measured on
a cell of the mesh (e.g. an edge length is becoming to
high/short), selecting the cells upon which topological op-
erations must be applied is rather straightforward. On the
contrary, when such a measure is performed on the physical
model, the concerned cells must be deduced from the geo-
metrical mapping. The remainder of this section considers
this issue. We do not consider here any propagation mecha-
nism and only rely on the particles positions and/or the cells
configurations to perform topological operations.

After filtering is done as described in section 4.1.2, some
vertices may be influenced by several particles. We have
to determine which cells should be modified topologically.
More precisely, we focus on the cells located on the frontier
of each particle’s influence area.

The frontier is either "well-defined" or "ill-defined". Let
us consider two particles Pi and Pj, and Gi and G j their as-
sociated graphs defined following one of the methods de-
scribed in section 4.1.1. The frontier between those graphs
is said "well-defined" if: either Gi ∩ G j is a subgraph for
which there exists a single path between two vertices (fig-
ure 4.1.a); or Gi ∩G j = ∅ and at least one pair of vertices
(Ci ∈Gi,Cj ∈G j) are topologically connected (figure 4.2.a).
The frontier is said "ill-defined" if: either Gi and G j overlap,
that is Gi ∩G j is a subgraph for which there are two differ-
ent paths between at least one pair of vertices (figure 5.1); or
Gi∩G j = ∅ and there are no direct mesh cells which connect
Gi and G j (figure 5.2).

Handling a new event when the frontier is well-defined is
easy enough, as shown in figure 4 for some tearing operation.
If there exists a single path between frontier vertices (fig-
ure 4.1.a), vertices duplications are performed (figure 4.1.b).
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Mapping Topological
Method Geometrical Motion Events

Flood Filtering
Point-based animation of elastic, plas-
tic and melting objects [MKN∗04]

Geometrical Distance based Shape-matching No

Meshless animation of fracturing
solids [PKA∗05]

Topological Distance based Shape-matching Yes

Meshless deformations based on
shape-matching [MHTG05]

Topological Keep particles within volumes Shape-matching No

Position based dynamics [MHHR07] Geometrical One particle per vertex Direct Yes
Fastlsm: fast lattice shape match-
ing for robust real-time deformation
[RJ07]

Geometrical Distance based Shape-matching Yes

SOFA an Open Source Framework for
Medical Simulation [ACF∗07]

Geometrical Keep 4 non-planar Barycentric Yes

Fast adaptive shape matching defor-
mations [SOG08]

Geometrical Distance based Shape-matching Yes

Meshless modeling of deformable
shapes and their motion [AOW∗08]

Topological Keep at least 4 non-planar Shape-matching No

Table 1: Classification of existing methods considering the geometric mapping, motion mapping and handling of topological

modifications.

a) b)

c)

a) b)1.

2.

Figure 4: Tearing a part of the mesh associated with two

particles along a well-defined frontier. Two cases occur: 1.

The frontier follows vertices; 2. The frontier is located be-

tween vertices. a) Before modification; 1.b) and 2.c) After

tearing (2.b shows a required subdivision step).

Otherwise (figure 4.2.a), new vertices are inserted on arcs in-
fluenced by both Pi and Pj (figure 4.2.b). Then, a local flood-
fill algorithm is performed, and the frontier can be treated as
in the first case.

Figure 6 shows different tearing operations on tetrahe-
drons between particles Pi and Pj. The illustrations show all

valid cases. The case where all vertices are associated with
Pi and at least one with Pj does not define a clear frontier. We
show here the typical cases on tetrahedrons, but as the topo-
logical representation is not limited to any volume shape,
any kind of polyhedron is treated likewise. A plane is defined
depending on particles configuration to create two distinct
volumes. The separation can either go through edges only or
cross vertices of the volume. This latter occurs when a vertex
is shared by the two particles. The simple case, equivalent to
figure 4.1, is not illustrated. It corresponds to a face between
two volumes for which all vertices are associated with the
two particles Pi and Pj. This case only requires to unsew the
faces of the volumes.

Figure 5.1 shows ill-defined frontiers between the graphs
associated with particles Pi and Pj. For particles raising a
topological modification and presenting an ill-defined fron-

Figure 5: Ill-defined frontiers between two particles Pi and

Pj associated with vertices. 1) Overlapping graphs. 2) Al-

though both graphs associated with Pi and Pj are distinct,

they are connected by other vertices, which may be associ-

ated with other particles Pk and Pl.
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1. 2.
a) b) a) b)

Figure 6: 1. Splitting a volume having a well-defined fron-

tier separated by edges only. 2. Splitting a volume having a

well-defined frontier separated by edges and vertices. Green

and blue dots represent the association between particles

and vertices.

tier, a geometric mapping with different parameters have to
be used in order to retrieve a well-defined frontier.

When using a topological flood-fill algorithm, the shortest
paths between particles and vertices can change or become
nil. A new configuration leads to the modification of vertices
behaviour.

Other topological operations such as remeshing or glueing
are treated in a similar manner.

5. Discussion

In this section, we present some results and compare our
framework with existing mappings between meshless mod-
els and geometrical models. Most of those methods do not
focus on the MGM and propose only one mapping. These
mappings are often guided by constraints set by the motion
mapping. Indeed, as expressed in section 4.2, some rotation,
scaling or deformation properties can only be expressed with
a certain amount of particles. We then propose an evaluation
of the costs of the different steps of our framework.

Regarding our definition of the MGM, we distinguish var-
ious groups of methods depending on:

• the equivalent weighting and filtering algorithm using our
definitions;

• the motion function;
• the ability to handle topological changes such as fractures.

Table 1 summarizes our classification of some existing
methods using these parameters.

As shown in figure 7, changing parameters of the
MGM for one unique meshless animation allows one to cre-
ate clusters or, more generally, different deformation be-
haviours. Thus, the manipulation of the parameters of the
MGM provide the possibility to create material effects.

We illustrate this principle on figure 8. These effects can
either rely on the particle space-sampling or on the geo-
metrical mapping. On the bottom right example, a gaussian
distance function is used with an RBF motion mapping to
create wrinkles on the mesh on sparsely sampled areas. On
the middle right example, Shape-Matching with a localised
geometrical mapping is used and create a clustering effect.
Still on the same animation, other distance functions, such
as splines, define a smoother interpolation as shown on the
top right example.

Figure 9 shows different topological modifications on a
hexahedral mesh undergoing tearing. The modification of
the tearing threshold allows here to provide different anima-
tions based on a single movement. Figures 10 and 11 shows
examples of fractures and internal fractures on a tetrahedral
mesh. Furthermore, the use of volumetric representations al-
lows to handle inner fracture during the animation.

In order to evaluate the performance of our framework to
create an animation, we evaluate the cost of the components
of the MGM distinctly. During the whole animation, the mo-
tion mapping process requires most computations. The need
of a complete update of the geometrical mapping, due to
some topological modification, is rather seldom. Most ge-

Figure 7: Top-left: the physical model. Bottom-left: the ge-

ometrical model. Right: One timestep of a single animation

based on 40 particles illustrating the MGM. Different mo-

tion mappings and geometrical mappings are used. Left col-

umn: topological flood, keeping 10 particules at least. Right

column: topological flood, keeping 24 particles at least. First

row: RBF using a gaussian function. Second row: RBF using

a spline function. Third row: Mean function.
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Figure 8: Details of different motion mapping parameters

on the same movement with one shape at the same frame.

Figure 9: Details of different topological modification ef-

fects on the same movement with one shape at the same

frame.

ometrical updates can be restricted to a small area most of
the time. The computation times are measured on a standard
desktop computer using only one core.

Looking at the initialization of the geometrical mapping, a
distinction has to be made between geometrical distance and
topological distance. A geometrical flood-fill has a complex-
ity in O(CP), with C the number of topological cells in the
mesh and P the number of particles used to represent the
movement. However, the use of a topological flood-fill de-
pend on more variables. Indeed, depending upon the filter-
ing, optimizations can be proposed. The worst case scenario
could be in O(C2P) due to the Dijkstra algorithm. Consider-
ing a mesh with 100,000 topological cells and a movement
represented with 8 particles, the geometrical mapping takes
approximately 0.2 seconds using a geometrical distance and
3.5 seconds for a topological flood. The cost of the topo-
logical flood is more important as it includes the retrieval of
the adjacencies between cells. This retrieval represents up to
60% of the topological flood process and can be stored (and
updated locally if required) during the animation for further
updates.

The cost of the motion mapping depends in part on the
geometrical mapping. Mean and barycentric motion map-
pings have a cost relative to the number of vertices of the

Figure 10: A dragon fracture represented with a tetrahedral

mesh.

Figure 11: Internal fractures on a volumetric mesh.

mesh. However, even if Shape-Matching and RBF require
more complex computation, they can be performed once per
clusters of vertices. We call cluster a set of vertices of the
mesh having the same geometrical mapping.

The topological mapping cost is negligible compared to
the other computations. However, one should note that it
may imply to perform a geometrical mapping operation to
preserve a valid configuration.

6. Perspectives

We have presented a general method to control the relation-
ships between motion and shape. Several aspects can still be
improved to extend the scope of our method.

Our main structure is encoded by a combinatorial map.
An extension of this model is given in [KCB09] and can be
integrated in our framework. The multiresolution extension
inherits the flexibility and efficiency of our topological struc-
ture. The multiresolution interest here lies in the ability to
adapt the complexity of the shape depending on the viewing
distance. A robust and generic definition of the MGM in this
case has still to be provided.
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Our framework is based on a volumetric representation
which may imply a high memory cost. Most current volu-
metric representations are based on tetrahedrons or hexahe-
drons only. Our method is only constrained by the convexity
properties of the polyhedrons to identify which ones con-
tains particles. In this context, the degree of the polyhedrons
is not important so allows us to consider simplification algo-
rithms for volumetric representations.

Figure 12: Surface unsewing: a surface can either represent

a thick mesh, or the border of a filled volume. In the second

case, a remeshing has to be performed when the surface is

torn or cut.

In several works, such as [MG04], a surface mesh is used
to represent filled volumes. When a topological operation is
applied on the mesh, the interior, which has been implic-
itly represented, is then meshed as shown on the bottom
of figure 12. This method is compatible with ours: indeed,
this remeshing corresponds to the creation of an interior
structure which is explicitly represented with our volumet-
ric mesh. However, a surface-only representation would cur-
rently limit the definition of our flooding method and prevent
the possibility to represent inner structure.

We define the association between the physical model and
the geometrical one. However, if collisions occur on the ge-
ometrical model, no particular process can rule out interpen-
etration. Classical methods of collision detection are to be
integrated to treat this problem to avoid this.

All our examples are currently based on physical mod-
els with few particles, we want to test the robustness of our
framework with more complex particles patterns.

7. Conclusion

We have presented a generalisation of the Motion/Geometry

Mapping defining the relationship between a physical mesh-
less model and a topological model. This MGM allows to
separate motion from shape and thus to create different vi-
sual effects with only one physical animation.

A first mapping assigns all vertices of the mesh to a set
of physical particles. This mapping is then used to move the
mesh and potentially change the topology underlying the ge-
ometrical model. A small set of parameters lets us produce a
wide range of visual results.

These results can either be used for perception analysis of
animations [BLAK12] or to guide creations by allowing to
visualize with different shapes point-based kinetic informa-
tion.
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