
Free Form Deformation



Simulating Deformation 
-- various approaches

 Physics-based Simulations 
 Particle system, string system…
 Finite differences, finite element, boundary element 

methods…
 …

 …
 Free form deformation
 M-reps based deformation



Free-form deformation (FFD)
 Embed the object into a domain that is more 

easily parametrized than the object.
 Advantages: 
 You can deform arbitrary objects
 Independent of object representation



2D FFD
 2D FFD = a map from R2 to R2

 When the space deforms, defines a new 
position for every point in the new space

 Any lines or curves that lie in that space are 
altered (see the figure)

 The space deformation is easily manipulated 
by control points



Remind the “Bezier Curve”

Interpolate the two end control points, 
and approximates the other two points:
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Review: Bernstein Polynomials
 Bezier curve

 Control points P and basis functions B
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Review: B-Splines and NURBS

NURBS = Non Uniform Rational B-Splines 
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By generalizing B-splines 
using Homogeneous 
Coordinates



B-spline Curves  B-spline Surfaces
1D2D



Tensor Product Surfaces
Basis functions:  bivariate functions of u and v
(constructed as products of univariate basis functions)

A tensor product surface 

The (u,v) domain of this mapping is a square (rectangle)
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NURBS Surface Examples

Presenter
Presentation Notes
NURBS are piecewise parametric representations.The control polygon of a NURBS surface is defined by p’s and w’s. The control polygon is smoothed out by NURBS basis functions B’s. They provide high order continuity.



Parametric Solids
 Tricubic solid

 Bezier solid

 B-spline solid

 NURBS solid
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Formulation of 2D FFD



Formulation of 2D FFD (cont.)

To deform the object:
1. Generate control points 

net
2. Compute (s,t) 

coordinates of every 
sample point Q

3. Move the control points
4. Evaluate new position 

of Q using



Generalize to 3D easily



Another example and application

Presenter
Presentation Notes
Free form deformation introduced by Sederberg and Parry in 1986, has been studied extensively in the past. The basic idea of FFD is to embed the object into an initial tool space. And when the tool space is deformed by user manipulation, the underlying object is deformed as well.In Sederberg’s approach, they embed the object in a lattice of grid of some standard geometry, such as a cube or cylinder. Manipulating the nodes of the grids can cause the deformations on the space, and these deformations transform the underlying object.Coquillart extend Sederberg’s work by providing a toolkit of lattice with different sizes, resolutions, and geometries that can be positioned over the object.MacCracken perform FFD on lattices with arbitrary topology, using a subdivision algorithm to refine the lattice.Singh presented wires for interactive geometric deformation. The manipulation of wires can deform the surface of an object near the curves.Most recently Hua and Qin proposed Scalar-field FFD technique based on general flow constraints and implicit functions.So free-form deformation is independent of the object’s representations, and it can be directly applied to point samples. But of course, when we are performing FFD on the point-sampled surfaces, we need to explicitly deal with dynamic-sampling, so when the surface is stretched, we need to insert more points, or when the surface is squeezed, we need to do down-sampling.
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