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The Non-Rigid Structure from Motion (NRSFM) problem:
given corresponding 2D points in multiple images of a nonrigid object, the goal is to recover the object’s 3D shape
and pose in each image.

General approach: for each observed 2D shape in W, the
reconstructed 3D shape is the output of a non-linear mapping
(
) of a point ct in an h-dimensional shape space (h = 2).
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Standard approach: low-rank matrix factorization, with 3D
shapes modeled within a low-dimensional linear space;
non-linear deformations weaken the low-rank constraint,
increasing the number of basis shapes in the linear model.
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Learned Models: shape spaces and non-linear mappings,

Kernel NRSFM: using the kernel trick, our new model
complements the low-rank constraint by capturing nonlinear relationships in the coefficients of the standard model;
our model is flexible and can use different kernel functions.
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The Kernel Trick in NR-SFM:
2. NRSFM
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Matrix Factorization: a linear space with K basis shapes
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Use generalized inner products given by a kernel function,
e.g.,
Problem: low-rank constraint is lost because K is full rank!
Solution: consider a subset of basis shapes,
.
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Quantitative Evaluation: normalized reconstruction errors,

The Low-Rank Kernel Trick:
The non-unique factorization of W is then obtained with

The 3D shape reconstructed for the tth image is
Low-rank constraint: with K basis shapes,
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The Artificial Slinky Toy:

in a more compact shape space!

Kernel Shape Trajectory Approach (KSTA):
``
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1 degree of freedom:

Compact representation X of smooth shape deformation [1]:
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