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Shapefrom-Texture

Shapefrom-Texture methods use texture distortion as a cue for shape
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Assumptions
A Texture is constructed of one or more repeating texture elemesteels

A Texelsare small enough to be modeled as planar patches

=»> Surface is approximated as being piecewise playﬁ(\/

A Surface ismooth
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ShapeFromTexture as Structurdrom-Motion
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Shapefrom-Texture: Structurefrom-Motion: Shapefrom-Multi-View:
n identicaltexels The same plane moving The same plane seeninn
in n frames views
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On Homography Decomposition
A 2 planes with normal vectorn;  any :
are seen from the same camera

A The rigid motion between thawvo
planes isRy1, to; and Riys, t1o

A Corresponding image points are then
related by thehomographles
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Templatefree Shapefrom-Texture Overview

A Texel detection and estimation of texture deformation
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A Computehomographiedbetweentexels

A Decomposédiomographies  Ambiguity

A 3D reconstruction fronmomographydecomposition
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Two Planes...

A Reprojectiorerror for a single point on one patc
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Two Planes... X,

A Reprojection error for a single point on one patcj
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From two Planes to n Planes

A Reprojectiorerror for a single point on one patch
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Jeads to a linear equation system
(details in the paper)
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cost function for a single point

& * Point i on patch k
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N PlanesSingle Patch Reconstruction

A Reprojectiorerror of one single patch
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N PlanesMultiple Patch Reconstruction

A Reprojectiorerror of n patches
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Scale Ambiqguity

A Incorporate term based on the rigid motion between patches into the
optimization and jointly solve for the scale ambiguity and the patch poses
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(details in the paper)
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Surface Interpolation

A Dense surface interpolation using a robust surface regression
method (e.g. approximating Thialate Splines)
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What about the ambiguity in the decomposition?

A Each homography from a reference patchatbother
patches yieldswo distinct solutions for the normal
vector of the reference patch

A Ideally (noisefree case): one of each solution yields
the samenormal vector

A Reality (noise !): one of each solution yieddsimilar
normal vector

A Idea: construct a graph of decompositions and find ﬁ\\
the solutions with a consistent normal vector as the i
shortest path through the graph
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™\ Nodes: normals fro

\\
each decomposition .
+—__ Edge weights: angle
between normals :

\ Cost ¢ = sum of angles between normals
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Synthetic Tests

A Reconstruction of a cylinder

A Noise added onto image positions

A Noise level as percentage of image size
A Evaluate angular RMSE of normals

original shape o = 0.002% o= 0.01% o=0.1%

Original shape

Reconstruction with our method
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Weighting with the Normal Graph Cost
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Patch k as reference
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Synthetic Tests

A Reconstruction of a cylinder placed at varying distances to the camera, different

noise levels
50 [ : w w

=our methods, ¢ =0...0.1
~affine to frontal view, ¢ = 0...0.1 Collins(2010)
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Synthetic Tests

A Reconstruction of a cylinder
A Noise added onto image positions

A Noise level as percentage of image size
~our method
~ ~homography to frontal view, Sturm(2000)
~affine to frontal view, Collins(2010)
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Resultsg Real Data
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Resultsg Real Data
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Conclusions

A Templatefree shape from texture method with a full
perspective camera model

A Good results if viewing conditions are perspective (texels are
not too small and surface is not too far away)

A Improvements/ future work:
I Use more sophisticated methods to compute homographies
I Use hermite surface interpolation to incorporate normal information
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