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We introduce a template-free approach to reconstructing a poorly-textured, deformable
surface. To this end, we leverage surface isometry and formulate 3D reconstruction as the
joint problem of non-rigid image registration and depth estimation. Our experiments
demonstrate that our approach yields much more accurate 3D reconstructions than state-of-
the-art techniques.

Existing NRSfM approaches have only been applied to relatively well-textured objects and 
are ill-suited to handle the challenging case of poorly-texture surfaces.
Template-based nonrigid 3D reconstruction methods all require a known 3D template of 
the surface, which, in many practical situations, is difficult, if not impossible, to obtain.
We aim to achieve the best of both worlds: We introduce an approach that does not 
require a template of the surface of interest, but can nonetheless reconstruct poorly-
textured surfaces.

Motivation

Our Approach
We formulate 3D reconstruction as the problem of jointly estimating the 2D displacement of
each mesh vertex in each frame, except for the first frame, and the depth of the vertices in all
the frames. This is expressed as an optimization problem containing an image-based energy
and shape priors.

Image-based Energy

Shape Priors

Since we aim at tackling the poorly-textured scenario, we cannot expect to be able to reliably
track feature points across the frames. Instead, we therefore exploit two sources of image
information.

Relying on image information only is known to leave many ambiguities in non-rigid shape
reconstruction. Here, we make use of three such priors: Isometry, spatial smoothness and
temporal smoothness.

Isometry. This prior encodes the fact that the distance between two neighboring 3D points
should not vary, or vary minimally, as the surface deforms. Here, we encourage this for every
edge in our mesh.

Brightness constancy. Our first image-based term relies on the intuition that the intensity
under a mesh point should remain constant as the mesh deforms.

Image Edges. We further account for the image edges, which, while sparse in the poorly-
textured case provide more reliable information.

Since this is a non-convex problem, we make use of a fusion moves strategy to optimize it,
which has proven more effective than gradient-based optimization in practice.

Temporal Smoothness. As the input is a video sequence, we model the natural intuition that
sudden changes in our parameters are unlikely to occur between neighboring frames.

Spatial Smoothness. We also rely on the intuition that the shape of the surface remains
relatively smooth as it deforms.

Fusion-moves
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Qualitative Evaluation

We have formulated reconstruction as the problem of jointly optimizing the 2D image
displacements of mesh vertices and the depth of these vertices, and have proposed a fusion
moves strategy to optimize the resulting problem. Our experiments have demonstrated the
effectiveness of our approach, and have shown that it yields much higher accuracy than
existing template-free techniques. To the best of knowledge, this constitutes the first attempt
at solving the challenging template-free and poorly-textured scenario.
Future Works. We intend to study solutions to address the case where the first frame depicts
large, complex deformations, which our current approach remains ill-suited to handle.

Vicente12: This method corresponds to the template-free approach, which leverages
isometry in an NRSfM context.
Garg13: This method relies on a total variation regularization within a dense NRSfM
framework based on the optical flow.
Chhatkuli14: This method performs template-free 3D shape reconstruction by relying on
isometry and on an infinitesimal planarity assumption.

Experimental Results

Proposal Generation
Given the current solution, we firstly update the image displacements by 2D tracking, and
then update the depths by minimizing the following equation.

Conclusion

These results clearly evidence that our approach yields much more accurate results than the
baselines. In particular, the baselines all suffer from the lack of texture and the illumination
changes, which make the feature-matching, or 2D registration, step unreliable. By contrast,
our approach that jointly performs 2D registration and 3D reconstruction essentially
regularizes the matching problem with 3D constraints, and thus yields more accurate results.
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