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3D Photegraphy.

Making the capture of photo-realistic 3D scene models as simple
as taking a 2D picture
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3D Photographs from 2D Images




Capturing Reality from 2D Photos & Videos

Shape Shape + Reflectance Shape + 3D Motion
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(from Shoedl et al, 2000)
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3D Shape firom One 2D Photo

In the absence of a priori shape information, one photo provides no
constraints on 3D shape
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3D Shape from Multiple 2D Photoes

Key problems
o Establishing pixel correspondences
[Determmining Vistionlity
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3D Shape from Multiple 2D Photoes

While multiple photos constrain 3D shape, they do not always
determine it uniguely




Photo-Consistent 3D Shapes
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3D Shapes

o Reguirement: shapes always occupy. a volume in space
» No additional geemetry. or topology reguirements Imposed

Discrete Case General Case

V

Discrete 3D Shape Definition General 3D Shape Definition
an arbitrary collection of voxels ~ any closed set VC R* for which

on a discrete volumetric grid every pEV is infinitesimally
near an open e-ball BC V




Photo-Consistency Theory: Objectives

» Characterize eguivalence class of photo-consistent shapes under
specific assumptions about scene radiance (e.g,. Lambertian)

* Provably compute at least one phete-consistent shape
o Establish the computed shape’s relationship to all ether 3D selutions

s |lncorporate measurement errors & Uncertainty/ Inte: framework

reconstructing objects reconstructing environments




T he Photo Hull

(Discrete Case)

Definition: Photo Hull of a volume
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The Photo Hull (General Case)

Definition: Photo Hull off a volume

== {V VC Is a photo-consistent shape}
= closure( )
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3D Photography By Space Carving

Sequence. 1 Gangoyle

16. Calibrated Images
Resolution: 768x484




3D Photography By Space Carving

Reconstructed:Gangoyle

Initial volume: 51imillion voxels
Carved volume: 215,000 surface.voxels
Computation. time: 250 mins




Troward Practical 3D Photography.

IHOW. can We
develop fiast multi-reselution| recenstruction algerithms?
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Troward Practical 3D Photography.

Cactus sequence (2 out of 27 photos)

Difficulties:

o \/eny complex surface gecmetry.

o Caliration| errars (»4-4 pixels) 7 g .E:F
- - el

ok CoW-quality/ Imeaoes "

* “Vlixed pikels & CCD color filter artifacts




Capturing Reality: Some Key Challenges

Transparency Global illumination effects




Concluding Remarks

Photo-consistency theory: features

algorithm-independent analysis ofi N-view' reconstruction
problem

global interactions between shape, visibility, reflectance &
Illuminations taken; interaccount

No restrictions on viewpoint distrbution, Scene shape

simple & efificient algoerithms with' prevable convergence
PrOpPErties

phote-realistic reconstructions




