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Goal: 3D reconstruction of non-rigid surfaces from point correspondences

 This is an inherently ambiguous problem.

 Additional priors or assumptions are needed to better constrain the solution.

Inextensibility constraints: 

 The prior we consider is inextensibility (preservation of geodesic 

distances).

 Applicable in a variety of scenarios, e.g. inextensible materials (paper and 

non-stretchable fabric) and articulated objects.

 Since our method performs pointwise 3D reconstruction  we do not have 

access to the geodesic distance between points. Instead we rely on the 

Euclidean distance as an approximation. 

Properties of the method: 

 Applicable to two tasks so far considered separately: template based 

reconstruction and non-rigid structure from motion.

 Performs template-free reconstruction for as few as two images.

 Can be seen as enforcing local rigidity, but unlike [1] does not require post-

processing stitching.

 For both orthographic and calibrated perspective cameras.

Orthographic projection Perspective projection

Median PWRE
 Our result Competitors [3]

Orthographic 0.77 -

Perspective 1.80    >2  (pointwise methods)
1.5 (surface method)

Experiments

Experiments with synthetic data: 

 1000 randomly generated paper sheets, following the same procedure of previous publications [3].

 The template is a flat 2D surface.

 Our method outperforms other point-wise methods which have a median point wise reconstruction 

error (PWRE) greater than 2 (results reported in [3]).
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Template-free reconstruction of a small collection of images

Template based reconstruction from a single image

Sequence Number of frames Number of points
Error (RMSE)

Ours [1]

Flag 50 540 1.79 2.13

Wind 1000 17 0.73 1.7 

Jacky (face) 1000 43 3.85 4.7

Reconstruction of temporal sequences (with ground truth)

Results comparable to the of state-of-the art in both template based reconstruction [3] 
and non-rigid structure from motion [1].

Overview

Template based reconstruction from a single image

Distances between 
neighbour points are inferred 
jointly with the depth

Template free reconstruction from multiple images

Problem formulation

The goal is to recover the depth 
of the corresponding 3D point

The 3D distance between 
neighbour points is known

Energy formulation

Energy formulation

?
?

Optimization

The 3D distance between neighbouring 
points is unknown, but is expected to 
be the same in all the frames

Inextensible 
deformation

Geodesic distance is preserved

Euclidean distance is a good approximation for nearby points

Input: 

 Two or more images with point correspondences, or

 One image + correspondences to a known 3D template shape.

Fusion moves

 We use fusion moves [2], a discrete optimization technique, to optimize both energy functions.

 A fusion move “fuses” two given solutions (or proposals) into a new one that has smaller energy 

than both proposals.

 We use fusion moves iteratively by fusing several proposals.
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Two proposals
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Solve corresponding binary 
problem using graph cuts
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Final solution is a “fusion” of the two 
proposals with lower energy than 

either of them

Proposal generation:

 We generate proposals based on a current solution.

 Initial solution: depths are initialized to a constant value and distances to the maximum of the 

2D distances. 

 Two different strategies to generate proposals: gradient descent and greedy region growing.

The neighbourhood system is defined based 
on the distance between the 2D projections 
(nearby points are neighbours)

Greedy region growing:

Randomly select a 
pair of points

Fix the depth of those points 
to the current solution

Update depth of neighbours, based on 
fixed depths and current distances

Final proposal obtained 
with region growing
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