Goal of surface deformation

We want to modify the coordinates

No modification of the connectivity
Topological changes = complex
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Physically based approach ? Non physically based approaches

+ Deform as wanted the geometry

+ Goal oriented

+ Only deal with what is seen

- Potentially introduce non realistic deformations
=> geometrical constraints

Express physical equations on
volume elements
= PDE on tetrahedrons
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Apply initial conditions
(forces, speed, parameters) on
the volumetric mesh
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Solve the equations using
numerical approaches:
Inversion of large sparse matrices

We wait ...

Ilterate with different parameters




Mesh deformation

Surface animation / deformation

= find f such that
(y[}teyrl:-” - ayn) = f(XD,Xl,. i

We draw the mesh formed by (¥, ¥1, - - -
with the original connectivity

How to choose f 7

Rigid deformations

The parameter of a rigid transformation can vary in space

f:peR’—»y=M(p)p

ex. Translation depending of position

Deformation functions

Few functions are known
f:xeR—»yeR’

We take f as a linear/affine map
f=M

Isometry

Translations
Rotations
Symetries

y =Mx & |det(M)| = 1

Scaling
Yy = diag(Sla S92, 83) X

Rigid deformations

eX. Varying angle of rotation

. z
Vi, ¥;=R (n? ) X;
’ZIIIELI{

for(k=0;k<N; k++)
{

Veg = — mesh.get yertexik);
double angle = x[0] * PI * time;

Matrix R = Matrix::rotation(Vec(1l,0,0),angle);

mesh.set vertex(k,R*x):;




Rigid deformations

ex. Varying angle of rotation

Rotation matrix

Should not forget the rotation center

q = R(p — po)

Or in its matrix form

Rotation matrix
Every rotation can be parameterized by an axe and an angle

n. sin(¢) + nzn, (1 — cos(g)) cos( @) + -u";['l — cos(d)) —ng sin(¢) + nyn.(1 — cos(¢))
—ny, sin(¢) + n.n.(1 —cos(g)) n,sin(g)+ nyn-(1 — cos(d)) cos{@) + n.n.(1 — cos(@))

cos(¢) + n2(1 — cos(g)) Nefy(1 — cos(¢)) — nzsin(¢)  ny,sin(g) + nan.(1 — cos(¢))
R(n,¢) =

To apply a rotation:
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Rigid transformations

- Non local transformation
- Complex to manipulate if axe/angle vary in space

=> We use mainly constant rigid transformation
=> Make them artificially piecewise local

Vi, y; = M(e(7)) x

— | : for all undeformed set

(1) : mesh segmentation






















