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Deformation is the process of interactively transforming the surface J IN M\< y |

of a model in response to some control mechanism. Itis commonly / A ‘ ‘ ( A
used for model editing and animation. Typically, mesh deformation ( { ¢ 4/ \[
techniques require global knowledge of the model structure (such \ \ N < A L

as a skeleton) and are quite time consuming. We propose a new “* = - - O '
approach for 3D mesh deformation based on a small number of (@ (b) (c)

user-specifiectontrol vertices Given the positions of the control Figure 1: Examples of model editing) source model (4884 faces):
vertices, our method computes the positions of the rest of the py\yaiking camel - moderate deformation (9 control vertices, 3 sec);

vertices, in a manner that best preserves the shape parameters Qf) qancing camel - extreme deformation (18 control vertices, 12
the source model. As demonstrated by Figure 1, we generate nat-sec). Computations were done on P4 2.4 Ghz computer.

ural looking deformations in seconds with minimal user interaction.

2 Algorithm We use this redundancy to facilitate the deformation process, gener-
ating models which closely preserve the shape of the input models,

. ) . i ] N subject to deformation.
The basic idea behind our algorithm is to describe the position of

each vertex with respect to its neighbors in the mesh, rather thanDeformation: Given user prescribed positions for a set of control
with respect to a global coordinate system. We would like the de- Verticesv, the positions of the rest of the vertices are computed by
scription to be invariant under rigid transformations in order to be iterating the following scheme:

able to move, bend or rotate parts of the model, such as limbs. One
representation, describing a vertex with respect to its neighbors was
introduced by Alexa [2001]. However, it is not invariant under ro-
tation. Our representation is based on a set of angles and lengths
relating a vertex to its immediate neighbors.

1. For each vertey, if v is not inV;, update the position of
using the shape description in Equations 1 and 2.

2. For each control vertexin V¢, compute the height offsets
and update the positions of the neighbor vertices:

m
Representation: Let v be a mesh vertex in 3D and let, vo, ...,V vi=V + nl Z\hi.
be its neighboring vertices. We define the projection plane m;<

This sets the distance betweeand the projection plane to
the average of thi; values.

using the normal at, n = (n,ny,n), andd = —y™ n-vi. We 3. Repeat until convergence.

define the projections afandv; to P asv' andV] respectively. The The shape preservation metrics that we use focus on angles. How-
description of the vertex with respect to the neighbors consists of: a ever, under deformation, the angles are sometimes preserved at the
set of anglesy between the projected edggs,v/) and(V, v/, ;); expense of stretch. To account for stretch we use a simple strat-
a set of angleg; betwe_enn and the edgesv,vi); and, a set of  ggy of scaling the edge weights by M In addition to better
projected edge lengthis= ||V — v{]|. length preservation, the use of a stretch component during vertex
Reconstruction: Given those values we can uniquely define the Placement drastically speeds up the convergence of the reconstruc-

P = nyx+nyy+nzz+d

vertex position given the neighbor vertices. We dentegrom tion procedure.
Vi using the reproduction property of the mean value coordinates 3 C lusi
[Floater 2003]: onclusions
m
V= izlw'\/i’ @ We introduce a new, robust method for mesh deformation based
- on a local shape representation, which is invariant under rigid
where the barycentric weights, are derived fromy; andl;. To transformations. The sole input from the user consists of a number
derive the position of givenV, we calculate a set of offsets along of control vertices defining the deformation. Given the input,
hy = ||V — V|| cot(Bi) + (vi — V) - n. Finally we obtairv by offsetting our method provides natural deformations that include scaling,
V' by the average dfi alongn as follows: bending, and rotation of mesh parts, providing an effective tool for
model editing and character animation.
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