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AbstractAbstract
W t d l th t l f b dWe propose a new stereo model that employs a surface-based
representation, where each pixel is assigned to a 3D surfaceg
(planes or B-splines). This representation enables two important(planes or B splines). This representation enables two important
contributions: (1) We formulate a higher-order prior whichcontributions: (1) We formulate a higher-order prior which
incorporates the very popular color segmentation constraint in aincorporates the very popular color segmentation constraint in a

f d i i l d (2) W l b l MDL i lisoft and principled way. (2) We use a global MDL prior to penalize
the number of surfaces.
F th d t il f d i th di fFurther details are found in the corresponding conference paper:
M. Bleyer, C. Rother, P. Kohli, “Surface Stereo with Softy , , ,
Segmentation”, CVPR 2010.Segmentation , CVPR 2010.

Surface-Based RepresentationSurface-Based Representation
- Our method assigns pixels to 3D surfaces (planes and B-g p (p

splines)p )
Our contributions (soft segmentation term and MDL prior) would most- Our contributions (soft segmentation term and MDL prior) would most 
likely not work if a disparity based representation was chosenlikely not work if a disparity-based representation was chosen.

Mapping of pixels to surfaces Surfaces implicitly define disparities

Reference image Surface map (Identical colors 
id ti l 3D f )

Disparity map
mean identical 3D surface)

Energy ModelEnergy Model
- We search an assignment of pixels to surfaces that minimizes anWe search an assignment of pixels to surfaces that minimizes an 

energy function:energy function:
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Measures pixel

Smoothness Term:
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MDL Term: Curvature Term:MDL Term:
Puts a penalty on the

Curvature Term:
Penalizes surfacePuts a penalty on the 

number of surfaces
Penalizes surface 

curvature at each pixelnumber of surfaces 
(described bellow)

curvature at each pixel
(described bellow)

Soft Segmentation TermSoft Segmentation Term

- Most top-performing methods assign whole segments to a single os op pe o g e ods ass g o e seg e s o a s g e
surface. (Typically planar models are used.)surface. (Typically planar models are used.)

Th t f h t l di it- They cannot recover from cases where a segment overlaps a disparity 
discontinuity. (Segmentation is a hard constraint.)

- We only prefer solutions that are consistent with a given segmentation- We only prefer solutions that are consistent with a given segmentation 
by assigning a lower energy (Segmentation is a soft constraint )by assigning a lower energy. (Segmentation is a soft constraint.)

M f i G d t th di iti R lt f i O ft t tiMap reference image Ground truth disparities Result of using 
segmentation as a hard

Our soft segmentation 
resultsegmentation as a hard 

constraint
result
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Construction:Construction:
W i l t ti f th l ft i- We are given a color segmentation of the left image.

- For each pixel p we generate a sub-segment Lp by intersecting aFor each pixel p, we generate a sub segment Lp by intersecting a 
square window centered on p with p’s color segment (see figuresquare window centered on p with p s color segment (see figure 
bellow)bellow).

- We give 0 penalty if all pixels within the sub-segment Lp are assigned 
to the same surface and a constant penalty, otherwise.p y

Construction of overlapping sub Soft segmentation term at work Red sub segments contain moreConstruction of overlapping  sub-
segments

Soft segmentation term at work. Red sub-segments contain more 
than one surface. A penalty is imposed for these sub-segments.segments than one surface. A penalty is imposed for these sub segments.

MDL Term
A i l l ti f th ( ll b f f ) i ft- A simple explanation of the scene (small number of surfaces) is often 
b tt th il l (l b f f )better than an unnecessarily complex one (large number of surfaces).

- We impose a penalty on the number of surfaces. (A solution consistingWe impose a penalty on the number of surfaces. (A solution consisting 
of 5 surfaces is cheaper than a solution containing 100 surfaces )of 5 surfaces is cheaper than a solution containing 100 surfaces.)

Crop of the Cones Solution without using our MDL term. The Our MDL term. The background is largely 
image background is erroneously modeled by 

li htl diff t f
modeled by a single surface.

many slightly different surfaces.

Energy OptimizationEnergy Optimization
- Fusion move approach [Lempitsky, ICCV09] enables pp [ p y ]

powerful graph cut-based optimization, despite the p g p p , p
infinite number of possible labelings (surfaces).infinite number of possible labelings (surfaces). 
C ti th “ ti l” f i- Computing the “optimal” fusion move:

W l t k hi h d li- We apply recent work on sparse higher-order cliques 
([K hli CVPR07] d [R th CVPR09]) f([Kohli, CVPR07] and [Rother, CVPR09]) for 
implementing the soft segmentation termimplementing the soft segmentation term.
Th b d l d b l i- The non-submodular pseudo-boolean energy is 
optimized via QPBOIoptimized via QPBOI.

The fusion move
- We describe 6 different ways for computing good 

proposals in the paper.

ResultsResults
- 6th rank out of6 rank out of 
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Left images with contour lines overlaidg


