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ICVSS 2010, Reading group Homework

Selected paper: Towards high-resolution large-scale multi-view stereo

We conduct this homework by deeply analysing the suggested paper first. The results of this analysis are

shown in the following graph which shows up all the cited papers in a logical order. We use square boxes
to idenitify main concepts, right open boxes to add notes and rounded boxes to identify paper titles and

years. Using this notation the tree grows from left to right.

Notice that papers signed with a numbers within square braces are those cited directly from the original paper.

[5]1 2008 - Using multiple hypotheses to improve depth- maps for multi-view stereo
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most accurate method (middlebury evaluation) but can not handle large scenes
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image dataset
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[42] 2008 - On benchmarking camera calibration and multi-view stereo for high resolution \mager%

[9]1 2007 - Accurate, dense, and robust multi- view stereopsis

— Approach |

Generation of dense point cloud

minimum s-t cut based optimization of mesh

take visibility into account

mesh accurate enough to be

refined (mesh is start point for a gradient descent)

— original method in four steps

[18] 2006 - Poisson surface reconstruction
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each point memorize images from which is triangulated
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[24] 2007 - Efficient multi-view reconstruction of large-scale scenes using interest points, delaunay triangulation and graph cuts)
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2006 - SDG cut: 3D reconstruc- tion of non-lambertian objects using graph cuts on surface distance grid X

2004 - What energy functions can be minimized via graph cuts?

2005 - Energy minimization via graph cuts: Settling what is possible

2004 - An experimental comparison of min-cut/max-flow algorithms for energy minimization in vision
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1962 - [book] - Flows in Networks
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2006 - SURF: speeded up robust features

X 2005 - A performance evaluation of local descriptors X

1999 - Object recognition from local scale-invariant features
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1999 - Surface reconstruction by Voronoi filtering

1998 - [book] - Algorithmic Geometry, chapter Voronoi diagrams: Euclidian metric, Delaunay complexes
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2 - reprojection can be computed on GPUs

3 - weight energy contribute by surface viewing in image

[19] and [32]

Right surface representation

level sets, which is prohibitive for computational and memory issues
--> use a deformable triangular mesh
itial mesh (produced with points cloud) has the right topology
--> no needs for topology changes (as in [31], [51]
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[51] 2007 - Transformesh: a topology-adaptive mesh-based approach to surface evolution

[31] 2007 - Delaunay deformable models: Topology-adaptive meshes based on the restricted delaunay triangulation

Right discretization

Y

Most of methods rely on an 'optimize then discretize' approach [7],[19],[13],[17],[28],[32]:

1 - energy functional on a continuous infinite-dimensional representation

2 - analytically compute the gradient
3 - the obtained minimization flow is discretized

Y

2 - use of standard non-convex optimization tools

In contrast use a 'discretize then optimize' approach, well-known in mesh processing, seldom in computer vision [6],[37]:
1 - energy function depending on a discrete finite-dimensional surface representation (triangle mesh)

Y

Energy (E) is function of the mesh.

Velocity field -> partial derivatives of E with respect to vertex positions.

Result:
1 - No need for consistent discretization of differential quantities.

2 - More faithful to the data: integrals over facets around vertices instead of

pointwise (noise-sensitive) dependency in case of late discretization

The right regularization
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The new E is no longer self-ragularizing -> complemented with a discrete analog of the thin-plate energy [20]
This term penalizes strong bending, not large surface area -> no classical shrinking bias in gradient flow.
Moreover it redistributes vertices along the surface and discourages degenerate triangles.
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Mixing photo-consistency and regularization

T

Balance between data attachement and smoothing terms is a crucial issue in variational methods -> out of the scope of this work.
Thus a specific strategy is adopted, which allows to conduct experiments without adjusting parameters to each dataset.
1 - Regularization more important where photo-consistency is less reliable (textureless) regions -> contribution

of each camera pair is weighted by a reliability factor (local variance vased)

2 - The two terms of the energy function are homogenized

[37] 2005 - Active Polyhedron: Surface Evolution Theory Applied to Deformable Meshes

[20] 1998 - Interactive Multi-Resolution Modeling on Arbitrary Meshes

use SIFT descriptors and detector —){ [29] 2004 - Distinctive image features from scale-invariant keypoints. ) ;(
—| 2) delaunay triangulation =~
—| 3) delaunay thetraedra labeling I > inside/outside object to minimize energy (complimentary photo-consistency)
» take visibility into account: ray from point to camera enforced
[l to intersect output surface as few times as possible
> support for infinite thetraedra allows open meshes, useful in outdoor scenes
—| 4) surface extraction I—)l set of triangles between inside and outside thetraedra
e improvements
—| 1) point cloud from images I > increase number of points (extract DOG)
— Harris point
et Regular grids
matching criterion to counterbalance high number of false matches, . : .
> 9 use a robust photo-consistencgy critetion (NCCs) —)( [48] 2003 - Multi-resolution real-time stereo on commodity graphics hardware )
> with regular grids boils down to a multiple-hypotesis plane sweeping algorithm
NCCs and plane sweep easily implementable on GPU
—| 2) delaunay triangulation I
3) delaunay thetraedra labeli I » original energy isvvery effective to filter outlayers,
) unay @ ng | [l but for high densisty points cloud become useless
replace with surface quality test used with range scans reconstruction
ﬁ - penalize facets —)( [25] 2009 - Robust and efficient surface reconstruction from range data )
- s-t cut on discrete visibility and surface,
—| 4) surface extraction |
b—1 Variational optimization that photo-refines mesh |
Mesh has to be refined with full image data, with variational multi-view stereo vision
pioneered idea in [19]
Mesh used as the initial condition of gradient descent energy function,
very unlikelyto get trapped in local minimum
Replace orginal energy [19] with repojection error [32]
) advantages: ‘[
Right summation 1 - reproject images using exact surface geometry -> essential for accurate reconstruction r\

2006 - Oriented visibility for multiview reconstruction. )

Adaptive mesh resolution
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Automatic adjusting of mesh resolution:

- A triangular facet is subdivided if there exists one camera pair such that the visible facet
projection exceeds a user-defined number of pixels in both images (e.g. 16 pixels).
- A classical one-to-four triangle subdicision scheme is used.

Results
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- All experiments conducted with the same parameters.
- The photo-consistency h is NCC-based
- NCC estimations and image reprojections performed on GPU
- Execution time of the pipeline about 15-19 minutes (3GHz CPU, GeForce 8800 GTX GPU)

3 | - State of the art results on Middlebury challenge
[ - Large scale scenes experiments

Original data sets

Dense multi-view stereo data sets I

; 2003 - Dealing with texture-less regions and specular highlights: A progressive space carving scheme using a novel photo-consistency measure)




