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Abstract

Generating plausible deformations of a character skin within the standasdymtion pipeline is a challenge.
This paper presents a volume preservation method dedicated to skihagatters. As usual, the character is
de ned by a skin mesh at some rest pose and an animation skeletoact\taimation step, skin deformations
are rst computed using standard SSD. Our method corrects the rasirg a set of local deformations which
model the fold-over-free, constant volume behavior of soft tissuésisidione geometrically, without the need of
any physically-based simulation. To make the method easily applicablésovpravide automatic ways to extract
the local regions where volume is to be preserved and to compute aeeskianing weights, both based on the
character's morphology.

Categories and Subject Descript@egcording to ACM CCS) 1.3.7 [Computer Graphics]: Three-Dimensional
Graphics and Realism

1. Introduction

Fast and realistic deformation of organic shapes is of ma-

jor interest for the Computer Graphics industry. Such tools

are needed for characters animations in movies, video games

and other virtual environments. To ease the artists task, skin

deformations should ideally be generated at interactive rates.

They should also capture some natural behavior having a

strong visual impact on the realism of deformation such as

self-penetration avoidance and the generation of bulges and

creases due to the deformation of muscles and fatty tissues.

Smooth skinning, also called Skeletal Subspace Deforma-

tion (SSD), is well suited to character animation thanks

to its intuitive way of using the underlying skeleton mo-

tion and to its computational ef ciency. In contrast with

physically-based skinning techniques, SSD requires no spe-

cialized knowledge from the user such as the ability to tune

simulation parameters. Moreover, computations are inde-

pendent from one frame to the next, enabling the rendering

of an animation sequence to be distributed among different Figure 1: Illlustration of our method in a complex case. a)

processors or computers. However, this method suffers from Input data: skinned mesh and skeleton. b) Automatic seg-
mentation. c) Standard SSD. d) Our method where the vol-
ume is locally preserved (see belly and trunk).
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many artifacts which may impair realism, such as an obvi- Firstly, example-based techniquiserpolates between a
ous loss of volume and a local fold-over when an articu- set of deformed mesh posdsdJFO0Q or learn from them.
lation bends. Volume preservation is well known in Com- An optimization process ts some parameters such as vector
puter Graphics for making deformations look more natural. correction KIJP03, matrices of in uences\WP03, or ex-

In particular, this property is essential for organic shapes (as tra joints within in the skeletonMGO03]. This enables the

in Figure 1), whose soft tissues are mostly made of water. skinning process to recreate visual effects such as bulges,
Achieving a plausible result within the standard production if they were present in the training meshes. For instance
pipeline - thus in a geometric way, with no further knowl- Wang et al. WPPOT propose a linear regression between
edge than the structure of the skeleton and its position with triangle deformations of the mesh and the joint angles in
respect to the skin surface at rest is a challenge. The goal the learning step to catch such effects. Some recent meth-
of this work is to enhance the simple and widely used SSD ods PT05 SY07, dATTS0§ automatically build the skele-
technique with adapted volume preserving, fold-over free ton, joint motion and skinning weights from the deformed
constraints, yielding natural looking animations without giv- mesh at some typical poses or from a mesh animation. The
ing up the standard pipeline. major drawback of these methods is the need for training
poses. When they cannot be captured on a real actor, cre-
ating these poses requires either tremendous effort from an
artist, or to run a complex physical simulation on a volumet-
ric version of the skin mesh. In both cases, the mesh and
its associated skeleton at rest are not suf cient, and further
human intervention is required.

Our main contributions, detailed in Sections 3 to 5, are:
a mathematical framework for restoring the volume of a
closed mesh after any deformation while using maps to con-
trol the regions where the corrections mainly take place; a
method for generating adapted correction maps, which pre-
vent the local losses of volume due to SSD artifacts; and
an extension to full characters, where the volume preser- The second family of approaches suggested improve-
vation method is applied to a set of local sub-volumes that ments of the skinning calculation itself. This includes for
are automatically extracted based on morphology. Although instance the use of a medial axBI§02], rigidity preser-
our method can be combined with user-de ned skinning vation [SZT 07], non-linear interpolation of blending ma-
weights, we also provide an automatic way to compute them. trices [Ale02] or the use of quaternion&g05]. Compared
As results show, our method corrects the main artifacts of with standard SSD, these methods can handle larger de-
SSD and achieves appealing visual results, such as plausibleformations and reduce the usual artifacts while calculation
local bulges when neighboring skin parts are in contact due time remains acceptable for interactive use. However, vol-
to extreme joint postures. ume preservation is not treated as a goal. It is worth noticing
that these methods are using the same parameters as classi-
cal skinning. Therefore, the volume correction method we
2. Related Work are presenting in this paper can be applied to any of them.

Letus rstreview the recent advances in skinning techniques

LT More recently, several impressive works promoted a bet-
which inspired our work.

ter representation of surfaces. Laplacian coordinates are for
Smooth skinning (or SSD), which links a mesh to an un- example very well suited to mesh deformati@JOLA04.
derlying animation skeleton via a set of in uence weights, Application of such representations to SSD has been ex-
is widely used for deforming organic shapes. In the pro- plored by Zhou et al.ZHS 05]. The method ensures that
duction process, many computer artists specialized in char- the volume is almost preserved thanks to a volumetric tetra-
acter setup have acquired impressive skills for painting the hedrization of the mesh. Exact global volume conservation
weights associated with each skeleton element over the char-is also performed by Huang et aH$L 06] at the expense
acter mesh. To make the resulting deformations more plau- of a large sparse matrix to be inverted at each deformation
sible, they sometimes spend hours binding internal collision step. Still, volume conservation is performed globally, or re-
volumes to the skeleton, in combination with SSD. This in- quires the use of human interaction to specify some closed
sures that the local volume of soft tissues will not shrink too  part where it has to be conserved. Therefore no local bulging
much in speci ¢ regions. In some cases, the volumes are an- effect can be observed. In contrast, we promote the idea that
imated depending on the skeleton posture, to restore bulging for being adapted to organic shapes, a volume preservation
effects. method should act locally. Moreover, we think that rather
than asking a skilled user to manually specify regions of in-

While the original SSD method was not published in lit- ence | these regions can be automatically computed from
erature, many papers addressed its artifacts in the last few o characters morphology.

years, aiming to alleviate the artist's task. Most of these
papers address the famous issue of volume shrinkage, also Lastly, some recent work was inspired from constant

known as the “collapsing elbow” effedt CFOQ, which oc- volume space deformation. Using von FunckBTE04
curs for large bending angles at joints. The improvements to divergence-free vector eld, Angelidis and SingAg07]
the original method can be classi ed into two categories: generated a SSD-like deformation which is both fold-over

C 2008 The Author(s)
Journal compilationc 2008 The Eurographics Association and Blackwell Publishig



D. Rohmer & S. Hahmann & M-P Cani / Local Volume PreservatmmSkinned Characters

free and volume preserving. The method is well suited to describes the volume crrecting deformation, whefe=
create bulges around deformed joints. However, its major (nI;:::;n{,) is the set of unitary normal vectors a(rd1)T =
limitation is the need for streamline integration at every ver- (r 1nI; ;anL).
tex, which may affect speed for larges meshes. Contrary to
this approach, we rst rely on standard SSD before applying o
a fast, local post-correction step which prevents fold-over
and restores volume. minkr kéN

subject toV(p+ rn)= V(p) .

The volume correction is expressed as the solution of a
nstrained minimization problem:

®3)
3. Locally controlled Volume Preservation Practicaly, we use the linearized expressi@)rof the con-
Preserving volume in character animation raises speci c is- straint. This is thus expressed &g n;r V(p) >gav= DV.
sues: this preservation should be local, being due to the spe-We provide in (Sectiom) an error measurement of this ap-
ci ¢ nature of muscles and to the incompressibility of fatty ~ proximation.

t|s§ues, in wh_lch deformations never propagate very far. To increase ef ciency, we derive a closed form solu-
This section introduces a general method for locally con- o for the volume correction coef cientsy as follows:
trolling the amount of volume-restorlng deformation over a \we use a Lagrange multipliér to solve equatior8. The
mesh. We rely on a correction map de ned over the mesh o inimization problem with the linearized volume con-

explicitly control the regions where the correction is to be straint is thus equivalent to solve the unconstrained min-

applied. max problem with the energy function&(r ;1) = kr k%N
I (<rn;r V(p) >gan DV). Solving this linear system for
3.1. Computing volume r¢ at a vertexk leads to the closed form analytical solution
Let S=(V;F) be a closed triangular mesh, surrounding an given by:
interior domainV denotes the set of vertices, aRiche set = DV < ni;r V(py) > , @)
of oriented triangular faces. L&t = jVj be the number of éﬂ-\‘zl < nj;r V(pg) >2
vertices of S. Its embeddirmS) maps any vertek of Sonto
a positionpy 2 RS, k= 1:::::N. It can be shown[K84, Practicaly, we compute the volume variatio and gra-

HML99,HICWO0§ that the exact expression of this oriented  dientr V before adding the volume corrections to each ver-
interior volume is given by the following trilinear functional  tex. Eq. @) can then be evaluated with a dot product evalu-
ation and a single division per vertex resulting in interactive
V=2 8 (@rza) N 1) rates.
6 iim2r Vi Vi Yk Vi
where(Xa;Ya;za) are the coordinates of vert@x. This for-
mula can be interpreted geometrically (see Figlieg).

Let us denote in the following: the mesh vertices after de-
formation by the(3N)-vectorp with pT = (p1;:::;pl) 2
R3N and the vertices of the rest pose jpyComputing the
volumesV(p) andV(p) for the rest pose and the deformed
shape (after application of the SSD method) respectively, the

global volume variatioris given byDV = V(p)  V(p). Figure 2: a) The volume of a closed triangular mesh is com-
puted by summing up the (signed) volumes of the prisms

spanned by the mesh triangles and their projections onto the
(xy) plane. b) Left: A constant radius cylinder has been de-
formed. Right: Naive volume-restoring generates a general
in ation (most visible at the extremities). The center region
stays arti cially shrunken.

Let us now assume that the deformed shape has been

cases wheré&uk is small enough, the non-linear volume
functional can be linearized by using the following rst or-
der approximation:

V(p+u)" V(p)+ < ur V(p) >ran @

where<;> rav denotes the dot product RSN The result of the global volume correction presented
above is shown in Figur2 b). As expected, applying a uni-
form volume correction based o8)(only results in gen-
eral in ation of the mesh. In case of skinned characters, this
In order to make the correction dependant on the local would not improve the shape after a loss of volume near a

3.2. Efciently correcting volume

shape of the surface, we constrain the vectdo be nor- joint. A mechanism, presented next, is therefore needed to
mal to the deformed surface. Therefore, we are looking for control the way volume-restoring displacement is distributed
a set of scalar values = (rq;:::;rn) such thatu = rn over the mesh during the process.
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3.3. Taking a correction map into account

In order to get local volume corrections, let us introduce a
local correction mag Thesegvalues aréN positive weights
(9)i2 1Ny de ned to localize in a more accurate way the
volume correction.

Used in @), the norm is now de ned akr k2 = 5?:1@-
The resulting modi cation of the closed form solution is:

& < N V(px) >
é'j\‘:lgj < nj;r V(py) >2

2
Tk

rg= DV

®)

The use of local maps does not affect the ef ciency of
computationsg being a prede ned constant value. Note
that, in order to preserve the smoothness of the shape after
volume correction, the variations in the correction map have
to be suf ciently smooth.

The next section presents two automatic methods to com-
pute adapted local correction maps enhancing the realism of
skinned characters.

4. Generating Volume Correction Maps for SSD

Although the correction mag controlling the distribution

of volume-restoring displacements could directly be painted
onto the surface by user interaction, providing an automatic
method for generating it saves time and effort. This section
explores method for computing correction maps adapted to
smooth skinning. We build on the a priori knowledge on the

regions where the loss of volume occurs in SSD and thus
should be corrected, to generate these maps. Let us briey
review the SSD method.

4.1. Smooth skinning (SSD)

Let's consider a triangulated surfaeof N vertices de n-

4.2. First correction map: Rubber effect

To compensate the local loss of volume due to the collaps-
ing elbow effect, the correction should be concentrated near

joints. A rst idea is to compute our correction map from

the skinning weightsvy;: mesh parts corresponding to joints
are regions where no skinning weight value is predominant
over the others. On the opposite, regions in uenced by a sin-
gle bone will undergo very little deformation so almost no
volume correction should be applied (see Figgi(a) ). The
gamma correction map can therefore be de ned at a vertex
peasg = (1 maxwg)®, wherea is a tilting parameter.

Figure3 (b) shows the result of this approach: the defor-
mation is now located near the joint. However, due to the ra-
dial nature of our volume corrections, it results on a plastic-
looking deformation, as if the object was made of rubber.
Although this visual effect can be useful to animate such a
material, these results are not acceptable for organic shapes,
which are the main target of skinning techniques.

Figure 3: a) Representation of the dependencies of vertices
to the two bones in the example of the deformed cylinder. b)
Example of an SSD deformed cylinder with correction map
based on skinning weights. Note the rubber effect due to ra-
dial deformations uniformly applied near joints.

ing the rest pose of the shape and an associated skeleton

composed of a hierarchy of local framesbAneis the seg-
ment linking two consecutive joints. The SSD algorithm cal-
culates the deformed position of a vertpk 2 R3 of S.
k2 [1;N] as a linear combination of the frames position and
orientation
b
Pk=a Wi TiTi “Pg., (6)
i=1
whereb is the number of frames.;Tis the transformation
matrix of the framd, andT; is the transformation matrix of
the same frame at rest. Tei)i=[ 1,5 are called “skinning

weights”. They satisfyv; 0 anda P: 1 Wi

As a basic example, a cylinder is used all over this section
to illustrate the behavior of standard SSD and the results we
get using correction maps. The cylinder has a skeleton com-
posed of two bones connected by one joint. A loss of volume
of about 11% can be measured for a 3fnt when using
classical SSD (see Figugyleft)).

4.3. Correction map for an organic behavior

Figure 4: Deformed cylinder with non-centered skeleton.
Left: classical SSD. Right: Cylinder after volume correction.
The red color encodes the correction intensity.

In the case of real organic shapes, esh compression due
to the articulation of the skeleton results in a bulging behav-
ior for the fatty tissues located between joints, with the effect
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being greater near them (look at your hand with your ngers weights, we found out that a very simple geometric consid-
bent). Moreover, skeletons of organic shapes are usually not eration, coherent with the observations on organic shapes we
centered, as underlined by Aujay et #HLDO7]. One can already made, gives suf cient results. Here is its outline:

note that these natural bulges occur in the regions which are First, skinning weights are automatically de ned using the
the further away from the skeleton, while regions located just minimum distancelys from vertexk to the segment de ning
over bones deform almost rigidly. the bones rather than distance to joint as ustalThe skin-

a
Let us consider from now on a non-centered skeleton in NiNg weights are expressed bi; = (lj*‘i , Wherelj is the
the cylinder example. We are looking for a correction map bone length and > 0.
which corrects volume by deforming regions far away from Since this simple computation depends on Euclidean dis-
the skeleton in priority, and thus will not act uniformly all  tance rather than on structure (so that the skin over one nger
around a joint. This new correction map can be de ned for would be in uenced by the skeleton of the neighboring n-
instance by gers), we set an in uence weight value back to zero when the
b ray between the vertex and the bone, along which the closest
a=(1 miaXWki)a msindks , @) distance was computed, crosses the mesh. (see Buie

wheredys is the distance of the vertéxto the bones. a and

b are tilting parameters.

Figure 4 depicts a result of this method. The result clearly
shows the bulging effect due to the dependence of the cor-
rection map on the distance from the skeleton. The rubber
effect is eliminated while the location of the correction re-
mains close to the joint.

>. Extension to Full Characters Figure 5: When computing skinning weights, we avoid in u-

The method we have just de ned captures the way organic €nce of skin parts which are geometrically close, but which
shapes deform (the deformed cylinder in Figdraow be- belong to separated parts. Left: Ray-Tracing and intersec-
haves like a nger), but is not yet applicable to a full charac- tion detection is one possibility. Right: Test of normal direc-
ter: If we keep a global computation of volume variations, tion compared to the ray is another possibility.

two opposite local variations could annihilate themselves
and therefore remain uncorrected; moreover, it would be im-
possible to apply the correction locally, in the right region,

since the volume computation would only output a single
variation value.

order to avoid ray-tracing and intersection detection, we use
a simple approximation by comparing the dot product be-
tween this ray and the surface normal. If the angle between
these two directions is too small, the ray escapes the body
We therefore propose an automatic way to segment an or- domain®. A heuristic is used for parts that cannot be reached
ganic shape into a set of regions corresponding to the main from bones along rays which stay inside the body (such as
muscle and fatty tissue areas, in which volume will be com- the horn of a goat for which all weights would be zero): in
puted and locally corrected. We also use the regions to pre- this case, we consider this part of the mesh as a rigid part,
vent skin fold-over between neighboring parts of the mesh. and thus set to one the skinning weight associated with the
Before explaining how these regions and their volume are closest bone.
computed, let us give some attention to the way adequate In a last step, the skinning weights are normalized to one.
skinning weights can be set in case they were not already

- Note that our method results in almost rigid deformation
de ned by an artist.

of skin parts which are close to the skeleton, such as the back
of the elephant, since the in uence of the closest bone will

5.1. Skinning weights

Very often, the only input we have for a character is a skin ¥ \which is done because the local frames of the skeleton higrarch
mesh. An automatic method such a84{LD07] can then be are typically positioned at joints, although they de ne freme of
used to extract an adapted animation skeleton. In such a casea given bone.
we also use an automatic method for generating skinning Z Note that it can happen that ray-shooting does not give ti# ri
weights. association due to very complex geometry such as a skin which
. would be heavily wrinkled at rest. In such cases, the aninvadorid
Although any of the previous methods, such as those haye to paint more appropriate skinning weights, or the laterd
based on geodesic distanc®ITGO03] or on heat equa- have to be computed on a simpli ed version of the skin mesh. As it
tion [CBDPOY could be used for generating skinning is, our method gave satisfactory results in all the examplegsted.
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be highly dominant. In contrast, parts which are evenly far mesh. Let's callg® the correction map associated to the re-
from many bones, such as the belly, have evenly distributed gions. In order to avoid discontinuities, tig values should
in uences: more volume will be lost in those parts using the smoothly decrease to zero in the neighborhood of the bound-
SSD method, but this is also where the volume-correcting aries. Therefore the non-smoothness of the boundary of a
displacements will mostly take place. given region does not imply an irregular correction. Ef. (

is modi ed to take into account the distance to the boundary

. 1
5.2. Computing local volumes (characterized by 3)

Once skinning weights have been de ned, the character is E= 2(maxmaxwyi;0) }) mind b . ®
segmented into regions where the volume is to be locally i " 2 s
preserved. We use these as a Voronoi-like de nition of re- £qr each segmerstthe nal correction magnitudey of its

gions: they are set to be the parts of the mesh for which a \articesk 2 sis computed usings) whereDV is remplaced
given skeleton element has the maximal skinning weight as by DVs.

seen in Figurd (b) and6 (a). Itis required that the volume |, aqdition to improving results, the local volume preser-
difference in one part doe_s not in uence the correction in 440 method speeds up computations: If the volume vari-
other parts, therefore the different segments do not overlap. aiion DVs = 0, no other calculation is needed for the sec-
For each region, the local variation of volurdés is now tionss. Therefore, if only some parts of a complex shape are
estimated. As the segmented regions are not closed (the par-@nimated, the correction process automatically focusses on
titions being just de ned over the mesh), the variation of those parts.
volume is only estimated. Regions of the deformed shape
and rest pose are compared to their image after being trans-
formed into a local frame given by the inverse of the trans-
formation matrix T (see 6)) of the bone of main in uence. The SSD method does not garantee that the deformed mesh
Then the local signed volume difference of every pair of will not auto-intersect when an articulation bends a lot. Fur-
triangles (pi; pj;pk) and (p;;p;;Pk) between rest and de- ther bene t of our automatic segmentation method is to be
formed pose is calculated by considering the prism spanned able to automatically detect and prevent such fold-overs: in-

5.4. Preventing Fold-overs

by these two triangles as shown in Fig8érg). Since quadri- stead of auto-intersections, the skin vertices of a region are
lateral faces of the prism are generally not planar, we pro- constrained to stay on a contact surface with their neighbor-
ceed following BKO3], by splitting them into 4 subtrian- ing region, resulting in more local compression, which will

gles at their centroid. This guarantees that neighboring faces be automatically corrected by an extra volume preservation
share a common edge. Finally, the small signed volume vari- step. More precisely, the idea is to recompute the bone of
ations are summed up on the entire region. main in uence for a vertex at each deformation step using
the weight computation method in sectibri: If the bone
of main in uence is not, at the deformed pose, the one as-
sociated to this vertex during segmentation, a fold over is
detected. This verte is then translated back to the contact
surface.IThe direction of translatiogs, for the vertexka is

given bypy, Is.k,, wheresa is the original segment linked to
ka andlgy, is the closest point fromy, on the bonesa. The
displacement is iterated such that

Pi ! = P+ Dt
until ka reaches the border of its original region (see Fig-
ure7). In order to speed up calculation, this computation is
only done at vertices inside a bending joint.

Once this step has resulted in at least one translated vertex,
Figure 6: a) Example of segmentation. The different col- another volume preservation step is applied to this region
ors separate regions where local volumes are computed. b) (see Figurel0).
Prism used for the local volume computation.

6. Results and Discussion

Our method has been tested on animal models such as
an elephant and a giraffe toy. In the giraffe case, the
Once a local volume variation is computed, the correction mesh, the skeleton, skinning weights and motion examples
has to be localized on the corresponding part of the skin were de ned by an artist. For the elephant example, the

5.3. Correcting local volumes
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Figure 7: Method to avoid self-intersection. Vertexik de-
tected in the region linked to the green bone while its original
region was the red onealis thus translated along,s, until

it reaches border of its associated region.

Figure 8: Results for the organic effect. First line: Clas-
sical SSD. Second line: Our organic effect, the left picture
illustrates thegintensity in red (note that gamma values are
shown for each local region).

skeleton was extracted from the mesh using Aujay's algo-
rithm [AHLDO7], and our method for computing skinning
weights was used.

Figure8 and9 compare the rubber and the organic effects
on the giraffe model for an unrealistic bent of the neck. As
expected, the giraffe on FiguBelooks-like the real rubber
giraffe we used as a model. Our experiments, also shown in
the joint video, included bending the elephant into extreme
poses (see Figurg). Improvement can be noticed in the
belly region due to its large compression, but also in trunk
and legs parts.

Finally, the fold-over free effect is illustrated by the exam-
ple of the hand in FigurelO. The nger is bent until self-
intersection occurs when no prevention over fold-over is ap-
plied.

¢ 2008 The Author(s)
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Figure 9: lllustration of the rubber effect. a) & b) Deforma-
tion with classical SSD. @rmap for the rubber effect. d) &
e) Our rubbery effect. f) Real rubber giraffe toy with bent
neck.

Figure 10: lllustration of the fold-over free application. a)
Original mesh. b) Bended nger with classical skinning. c)
Simple volume restauration (self-intersection at the junc-
tion) d) Fold-over free effect, self-intersections are prevented
and the bulge effect is increased.

Performance : Although our algorithm is fully imple-
mented on CPU, the volume deformation was calculated at
interactive rate for all our examples. Talleshows some
speed calculation for the different models

Limitations

Our results have shown that the correction of volume gives
a more plausible visual appearance to deformed characters.
The process is almost exact for small deformations (due to
the linearization) in the case where only a single interior do-
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model cylinder | giraffe | elephant
Number of vertices 256 1677 5720
FPS(classical skinning) 35 27 23
FPS(volume correction) 30 19 16

Table 1: Performances in frames per second.

main is de ned. However, when segmentation is used, the

model cylinder| cylinder| cylinder| elephant giraffe
10 50 90

error 0.2 4 11 18 10

before

correction

(%)

error after| 0:05 1.5 4:9 9 3

correction

(%)

Table 2: Relative error in the case of the cylinder (256 ver-
tices) before anf after correction for varying angles.

variations of the volume are only approximated due to the
calculation performed on a local region with no well de ned
boundary. The variations are still well approximated if the
surface in ates; however if twisting or blending in the local
referential occurs, the error increases (see Taple
Reapplying the correction vector from a step to the next one
could be a solution to start with a better guess. We can also
consider to corred¥l times a variatiorRy .

Also, our correction depends on the connectivity of the
mesh via the computation of V(P) on a triangulated sur-
face. This dependence could however be limited by using a
ring operator to compute the gradient valld}SB0Z.

The described fold-over free method is mainly oriented
to deal with self intersections due to the neighboring of two
bones and the associated esh.

For the provided example of the hand, 4 to 7 displacement
steps were needed to treat the fold-over with a small dis-

placement xed to 1/26'| of the nger width. The com-
plete hand counted 8636 vertices. The fold-over detection
ran over the four ngers leading to the weights-recalculation
for 760 vertices. With the given deformation, a correction
was needed for 95 vertices and was followed by a volume
correction for two segments. This extra consideration was
slowing down our algorithm by a factor of 25% and ran at 9
fps.

However, for complex geometry, two regions of the esh as-

thogonal esh width has to be larger thBsin order to guar-
antee the convergence of the algorithm. This cross-section
width could be taken into account to apply a larger displace-
ment where the section is large and an exact contact is not
needed. Moreover, combined with the knowledge of the dis-
tance to the associated bone, this small displacement could
also be automatically adjusted to be larger in regions located
far from the bone.

The assumption that more skin bulging happens in places
farther from the bone may not always hold when the bones-
graph becomes complex inside the body. Parameters can still
be set-up in the algorithm to take into account some physio-
logical a-priori. For instance, in the elephant case, belly de-
formation is principally function of the distance to the spine,
thus the deformation should probably not be in uenced by
legs bones. In such a case, when esh-dependencies are
known, the correction weights can integrate this constraint
in explicitly de ning the set of bones to take into account
for a given region. As show in g11, the distance termdyg
associated to the belly region iB)(only takes into account
distance to the spine.

Figure 11: Example of weight distribution in a complex
case. The bulging in the belly parts depends on the distance
to the spine. To give nicer results, the distances to the bones
of the legs are not taken into account.

7. Conclusion and future work

We have presented a volume correction method that pre-
serves the volume of a character to a constant value during
deformations, while acting as a correction step for standard
SSD skinning, and thus enabling us to use the standard pro-
duction pipeline. The input is a skin mesh and an associ-
ated animation skeleton. If not available, skinning weights
can be automatically computed. Our method rst applies
a pre-computation stage in which the model is segmented
into local correction maps distributing the strength of vol-

sociated to the same bone could intersect each other, and inume restoring displacements. Then, at each animation step,

this case our solution for preventing fold-overs would fail.
The displacement iteration could also be more-robust and
speeded-up. First of all, the current implementation of this
method with a constant displacem@®stimplies that the or-

a closed-form solution to the volume restoration problem
computes displacements of the vertices along their normal.
Our method does not only correct the most obvious arti-
fact of SSD (collapsing elbow) - but also generates adequate
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local bulges due to the local preservation of the main sub- [JT05]

volumes of esh.

JAMES D. L., TwigG C. D.: Skinning mesh animations.
Trans. on Graph. 243 (2005).

The method is directly usable on preexisting models. In [KIP02] KRy P., AMESD. L., Pal D. K.: EigenSkin: Real time

applications where a realistic character needs to be designed,
it saves a lot of time compared to the usual set up process,
since there is no longer need for binding in uence shapes [KZ05]
to the skeleton. In real-time applications, our method can

replace the popular blend shapes, thus greatly reducing the
amount of user input. Lastly, our plausible guess for skinning [LCAO05]
weights enables to couple the method with an automatic ex-
traction method of the animation skeleton, and thus use it

when only a skin mesh is provided.

Future work includes providing a more ef cient imple-

mentation based on GPU. Although our test has been per-
formed on the most classical, standard SSD method, our vol-
ume constraint method acts as a post-correction layer. There-
fore any other better deformation method based on skinning

weight such as{Z05] is suitable. Combining our work with
the dynamic skinning method df CA05] could also be very
interesting since the addition of dynamic vibration of the
esh region would further enhance realism.
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