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Dense 3D Reconstruction is a difficult problem!

* Require dense
correspondences

e Unrealistic
Assumptions on

—Pos e, Li ght I
— Scene geometry

* Extremely slow and
Tedious

“A Theory of Shape by Space Carving”, Kutulakos & Seitz in IJCV 2000



Basic ldea: Volume Intersection

* Back-project each silhouettes
* |ntersect back-projected volumes

for i = 1:NumVoxels
for j = 1:NumImages
if (voxel(i) €silhoutte(j))

Example in 3D bool = true;
. - else
o bool = false;
break;
end
end
t' N mmmEEw SLIITTTY if bool == true
D NS // \.\ YA //_ Color(i) = black;
o Y

. end

Example in 2D end



Given N calibratedviews/images,
recover the 3D scene

* Problem posed as a .
constraint satisfaction T
task EES R

A DN

* Photo-consistent shape
recovery

* Practical Algorithm to
perform * S
Carving’
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Algorithm

* |nitialize a volume V
containing the true scene

* For each voxel on current
surface

— Project it to all visible input
IEIES

— if not photo-consistent,
carve (remove) it
e Stop if no photo-consistent
voxel found




Checking Photo-consistency

* Let sensor error (accuracy of irradiance
measurement) be normally distributed with
standard deviation O,

* Let 0 be the standard deviation of colors col,,
.., (evigere col. is the projection of voxel v
in k visibleimages)

* Voxel v is photo- consistent n‘)\V s below a
threshold t




Visibility Ordering

e Basic ldea: Visit
Occluders first

* More Generally,
Plane Sweep
Algorithm

— Sweep Plane in each
of 6 principle
directions

— Consider cameras on
only one side of plane

— Repeat until
convergence




Results

Calibrated Turntable
360° rotation (21 images)



Results




Simulated Experiment
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Summary

+ Reconstruction of real objects that are non-
smooth, significant occlusions, texture-less

- lgnores illumination effects (shadows,
transparency, inter-reflection)

* Important Concept: Use of Ray Information

Coloring that pixel
indicates regions in
front of it are free




