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Abstract

Implicit surfaces are well suited to modelling organic forms that consist
of an internal skeleton and deformable flesh smoothly blended around it.
An implicit surface can represent such an object’s geometric “skin” that
deforms according to the motion of the skeleton. We propose a new, simple
and efficient method for calculating local deformations to be applied to
implicit surfaces during collisions with other objects or between different
parts of one object. We discuss applications of this method to deformable
object simulation, character animation and interactive sculpture.

1 Introduction

Of growing popularity in computer graphics, implicit surfaces [16] are partic-
ularly well suited to modelling organic forms [11, 2, 14] since they generate a
smooth surface around skeletons of arbitrary geometry and topology. Anima-
tion of such forms is well established [1, 6, 8] and is normally performed in a
layered model, in which the internal skeleton is used to specify the global be-
haviour of an object and an implicit “skin” is moved and geometrically deformed
according to the motion of the skeleton. A parametric surface approximating
the implicit surface can be used as an additional final layer to accelerate the
rendering of objects and facilitate texture mapping [15, 14].
As stressed by Dave Forsey [10], the capability of surfaces to respond to

collisions with other objects in a scene by deforming locally in the contact zone
is an important aspect of realism, whether the animation is calculated by a
physics-based model or not. This is in particular true for organic forms for
which local deformations resembling flesh behaviour need to be created. In this
case we expect an object that is compressed by a collision to “inflate” locally
around the contact zone to compensate the volume loss due to compression.
Simulating such effect during collisions using finite elements is an expensive
process [7]. Implicit surfaces offer an alternative solution: collision detection
is performed efficiently due to a simple inside/outside test associated with the
implicit formulation of objects, precise contact surface is created between two
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colliding objects and the amount of surface compression imposed during a colli-
sion can be used to calculate the forces to be applied to the underlying skeleton
in the following animation step [6, 3]. Finally, assuming that local deforma-
tions around the contact zone are a purely visual effect without influence on
the motion [9], a geometric model can be used to calculate them.
The method for creating local dilation of the surface around the contact

zone proposed in [6] is complex and costly. Thus, such deformations could not
be calculated during interactive animation and were added only during the final
rendering stage [5]. Moreover, it required the use of expensive off-line rendering
methods like ray tracing to create animation sequences.

This paper proposes a new model, simple and easy to control, for gener-
ating local deformations that visually emphasise the occurrence of collisions.
Section 2 summarises the principles of implicit surfaces and their use for mod-
elling and animation of deformable objects. Our method of local deformation
of objects around the contact zone, including direction-dependent dilation, is
presented in section 3. Section 4 discusses three possible applications of this
work: simulation of collisions between deformable objects, character animation
and interactive sculpting for object modelling.

            ��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

Figure 1: An example of a skeleton (point-primitives) and the generated surface

2 Implicit surfaces in animation

2.1 Skeleton-based implicit surfaces

An implicit surface is a surface defined as a set of points P = (x, y, z) that
verify an equation of type f(P ) = c, where f : R3 → R is a given function,
called potential function and c is a real constant, called isovalue.
Skeleton-based implicit surfaces offer an intuitive definition of a potential

function: a user specifies a set of geometric primitives (points, line or curve
segments, surface or volume elements) that represent the internal skeleton of
an object. The potential created by a primitive at a given point P is defined by
a function fi(P ) decreasing with the distance from the primitive and becoming
zero at a certain distance R, called a radius of influence. The potential function
for the modelled object is then defined as a sum of contributions from all its
primitives:

f(P ) =
∑

fi(P )
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The resulting surface coats the skeleton and may have several disjoint compo-
nents depending on the chosen potential functions fi and the distance between
the primitives (see figure 1).

2.2 Animating a layered model

The implicit surface formulation is well suited to animation, since when the
skeleton moves, the generated surface follows it by definition. Various models
were proposed to specify the motion of the skeleton, from a purely keyframe-
based systems [1] to physics-based animation [6]. A hybrid animation approach
can also be applied using both keyframes and dynamics [13].

2.3 Modelling collisions

Implicit surfaces are particularly advantageous for collision detection: a given
point P is inside an implicit object if and only if f(P ) ≥ c (the inside/outside
test). This results in a simple detection of interpenetrations with obstacles,
which is achieved by performing the inside/outside test for a given implicit
object on the discretisation points of an obstacle.

Si Sj

fi = fj

P0

Interpenetration zone

Si Sj

P

Propagation area for Si Solids after deformation

Figure 2: Deformations during a collision between two deformable objects

The deformation method proposed in [6] is as follows. Let f1 and f2 be the
potential functions of the two objects. When an interpenetration is detected:

1. Negative compressing potentials equal respectively to c−f2 and c−f1 are
added to potentials f1 and f2 of the two objects in the interpenetration
zone (see figure 2). It results in a local compression and the creation of a
contact surface given by the points satisfying the equation f1 = f2.

2. At the same time, the positive dilating potentials are applied in the propa-
gation zone, defined around the interpenetration zone. These terms create
local object dilation that appears around the contact surface. They are
calculated so that the C1 continuity of the deformed surface is preserved.

3. For a physics-based model, the reaction forces Ri are calculated on the
contact surface. They reflect the elastic characteristics of the materials in
the direction normal to the contact surface (see [6]):

R1 = −R2 = (f2 − c)N1
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Since only the contact forces calculated in step 3 influence the motion of
objects, purely geometric method is used to calculate the deformations in step
2. Nevertheless, the C1 continuity constraint is difficult to satisfy: to find the
deformed potential at a given point P in the propagation zone, the closest point
P0 on the interpenetration zone is found in the direction of the gradient of the
surface of the other object. Then, the gradient of the compressing potential at
P0 is calculated:

∇(c− f2)(P0) = −∇(f2)(P0) (1)

Finally, this direction is used as the derivative at zero for a dilating potential
function. For a given point P the value of this function depends on both the
distance to P0 and the chosen size of the propagation zone.
This algorithm is extremely costly due to the search for the closest point

P0. It is therefore not applicable in a system for interactive animation. The
following section proposes a new, simple and efficient method for generating the
same type of local deformation.

3 A new model for local deformation

Modelling compression in the interpenetration zone (step 1 above) is relatively
intuitive since the potential of each object is used to hollow out the others. We
are now looking for a similarly simple formulation that will express the dilation
in terms of the potentials of the objects in collision.
To ensure the C1 continuity of the deformed surfaces, their normals have

to vary continuously, in particular on the border of the interpenetration zone.
Thus, at all points P0 lying on this border, the gradient of the dilation potential
has to be equal to the gradient of the compression potential. Moreover, the
sought dilation potential and its derivatives have to be zero at the outside
border of the propagation zone, where the dilated part joins the undeformed
object.
We have chosen to express the dilation potential to be added in the propa-

gation zone to the potential f1 of the object 1 as:

b1(f2(P ))

where b1 is a function defined on the interval [c1, c] (c1 < c) that satisfies:

b1(c) = 0 b′
1
(c) = −1 b1(c1) = 0 b′

1
(c1) = 0

From equation 1, the gradient of the compressing potential is equal to
−∇f2(P0). Thus, the tangent continuity constraint is satisfied at the border of
the interpenetration zone since:

∇(b1(f2))(P0) = b
′

1
(f2(P0))∇f2(P0) = b

′

1
(c)∇f2(P0) = −∇f2(P0)

The parameter c1, associated with the object 1, controls the extent of the
propagation zone which is limited by the isosurface f2(P ) = c1 of the object 2.
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By definition of b1, the value and derivatives of the dilation potential are zero
at this limit.
In practice, the function shown in figure 3 is used for b1. It is parameterised

by its maximal height h achieved at a given point m ∈ (c1, c) and is defined as
a union of two cubic functions defined for intervals [c1,m] and [m, c].

h

m c x

b1

0 c1

Figure 3: The function that models dilation in the propagation zone

The advantage of this formulation is its low cost: the modification of the
potential at a given point P in the propagation zone only requires an evaluation
of f2(P ) (already known to determine the zone P belongs to) and its compo-
sition with the function b1 given above. There is no longer the need to find
the closest point on the border of the interpenetration zone. The method can
therefore be used during interactive animation creation.
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Figure 4: A sphere falls into a deformable block: (a) vertically (b) from the
right

3.1 Non-uniform surface deformation

The method proposed assumes that the surface dilation around the interpen-
etration zone is uniform. However, this is only the case for frontal collisions.
The shape of local deformations around the contact surface should depend on
the relative velocities of the objects in collision. We expect the surface in front
of the arriving object to form a higher bump extending for a short distance and
a lower one, extending for a longer distance, behind it.
This effect can be achieved with our approach by varying the parameter c1

that defines the size of the propagation zone. For a given point P , it will depend
on the gradient of the undeformed surface 1, ∇f1(P ) and the velocity vector of
the object 2, D2. We propose the following simple expression for c1(P ), based
on the dot product of the two vectors:
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c1(P ) =
1

2
c0

(

1 +
D2 · ∇f1(P )

‖D2‖‖∇f1(P )‖

)

where c0 is a parameter specified for object 1.
Figure 4 shows two animations of a sphere that falls into a block of de-

formable substance. Figure 4a presents a frontal collision in which the sphere
falls vertically. The resulting surface dilation is uniformly distributed around
the contact zone. The collision in figure 4b occurs when the sphere arrives
from the right. The surface dilation is asymmetric. In both cases local surface
deformation preserves C1 continuity of the objects and visually emphasises the
collision.

3.2 Volume variation

During collision an object that is progressively compressed should proportion-
ally enlarge its local dilation and reduce it when the object bounces away. This
effect is obtained by calculating the parameter h for the function b1 as a per-
centage of the maximal negative potential applied in the interpenetration zone
and the size of the propagation zone.
Local dilation during a collision should ideally tend to restore the initial

volume of the compressed object. A slight decrease of volume, modelling the
particularly compressible character of flesh, is also a desired result. However,
the deformation should not increase the global volume of the object, which is
the case in figure 5 below. We are currently looking for an expression for h that
may resolve this problem.

4 Applications

4.1 Simulation

Figure 5 shows three stages of a collision between two deformable spheres, calcu-
lated using an animation and simulation platform Fabule [4]. The compression
forces applied to objects on the contact surface are passed on to the skeletons
(here simple point masses) and integrated for the calculation of the bounce.
This example shows the progressive character of the local dilation of objects
which increases with compression.

4.2 Character animation

Local deformations proposed are purely geometric and thus can be used in a
keyframe-based animation system. In this context, they increase the visual
realism of animated forms emphasising the deformations of the flesh.
Using implicit surfaces for character animation requires the use of a blending

graph, that specifies the manner of combining the contributions fi from different
parts of a character’s skeleton [12, 3]. For example, an arm should be blended
with the body at the shoulder while a collision should be detected between a
hand and the body.
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Figure 5: Three stages of a collision between two deformable spheres

Our algorithm allows us to calculate the potential at a point of space and
consider the collisions and/or blending between different parts of an object as
shown in figure 6.
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Figure 6: Local deformations during keyframe character animation

4.3 Interactive sculpture

Finally, we are planning to apply the local deformation technique presented in
this paper in a system of interactive sculpture. A user will use a number of tools
of different forms, modelled with implicit surfaces, to hollow out a deformable
block or to leave tool-prints. Local object dilation around the contact zone will
ensure C1 continuity of obtained forms.
In order not to increase the complexity of the modelled object during the

process of sculpting (which would be the case if all deformations applied to the
model need to be stored), we propose to use a discrete representation of the
potential function that defines the deformable block. The discrete values will
be progressively updated to model the actions of the tools.

5 Conclusion

We have presented a new method to model local deformations of implicit ob-
jects during collisions. This method is well suited to modelling and animation
of organic forms for which local dilation appears around contact zones. The
deformation is purely geometric which results in an inexpensive algorithm that
can be used in an interactive animation system. The work in progress includes
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achieving better volume control and the use of the technique for interactive
sculpture.
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