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Accurate IBR

o Is there a “photograph” that gives us all the
information we need to view a scene correctly from
any viewpoint?

+ What dimension is the “image?”
» How can we represent the “image?”

o Answers

« Plenoptic Function

« Light Field

* Lumigraph

» Layered Depth Image

&P Images as a Collection ofRays
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Animageis asubset of therays seen from a given pant
- this "space” of rays oocupies two dmensions
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¥ Where to Begin?
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v'Pinhole camera model

e Defines a mapping from
image points torays

inspace

‘@D I\/Iappng from Rays to Paints

L _
997" 9095‘ g9 i %m0l e g, GREET lqc

v Simple Derivation

WV, 0p 1

P=| u 1:_._. o \3]

’(_-\'
{39 Corres pondence

3” T ;ap}k %0 ,gh'ﬂ o, Y !_‘EL{O.,.-.-...‘_

G +0,R% =C +1,P5,
LPE =0 -0, +4,FF,
L =BC -C 1+ 1BE5,
LR =LPC -G PRS,

A Y=l ((I_(:}""p! A%
—

2, Hy,




L’ ResuIUng_Warpl [gFundlon
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v A perturbed planar warp ...
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Image Warping
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a Warping allows us to replace
geometric detail with textures
« Textures created from )
photographs -
* Mapped to coarse planar model * C
o Warping problems
« Warping incorrect for non-planes
+ Depth warping creates “holes”
o Image warping alone not
enough to correctly
reconstruct arbitrary scene

*@9 Warping in Action
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.. but that is not sufficent
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v Projed the desired center-of-prgedion onto the
reference image
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v Drawing towerd the prajeded point guarantees an
ocdusion competible ordering
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v Orderingis consistent with

a peinter's algorithm

v Independent of the

scene's contents

v Easily generalized to

other viewing s urfaces

v No auxiliary information =

required




“@D Panoramic Cameras
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v Warping equation can be easily adapted
v Visibility algorithm works
+ Nonlinear mapping fundions
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v Cylindrical camera

. Construcing Panoramas

e Lo Y R B L R

v ||'T1c% are related w
a projedive transforms
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v Optimization problem
o maximize narmdized aordation
e minimizesumof squared errar
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More General Case

a Constant radiance
« time is fixed

‘@" Initial Guesses and Constraints
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v Sumof angles is 2n
e comstrans focal length

v Skewof camerais near 0

v Asped ratio nesr 1

a Constant radiance
* time is fixed

a 5D
+ 3D position
» 2D direction




All Rays

a Plenoptic Function
« all possible images

Image

o What is an image?

~

SN

o All rays through a point
» Panorama?

Line
a Infinite line
o 4D
« 2D direction
2D position
Image
o 2D

« position of rays has been fixed
+ direction remains

Image

o Image plane

o 2D
* position

Image

o Image plane

o 2D
* position




Object

o Light leaving towards “eye”

u2D
* just dual of image

Object

o All light leaving object

Object

04D
2D position
« 2D direction

Object

o All images -
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Lumigraph / Lightfield

o Outside conveprak
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Lumigraph

o Inside convex space -

Stuff
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Lumigraph
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* organize
 capture
* render

Lumigraph - Organization

o 2D position
o 2D direction

.

Lumigraph - Organization

=

o 2 plane parameterization

o 2D position
o 2D position
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Lumigraph - Organization

o 2D position
o 2D position
t
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o 2 plane parameterization




Lumigraph - Organization

o Hold s,t constant
o Letu,v vary
o An image

Lightfield rnization
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Lumigraph - Organization
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a Discretization

« higher res near object D
- if diffuse Lt’ i

* lower res away
« captures directions

« captures texture )

.....

~
N

s,t

N
N\

Lumigraph - Capture
a Idea 1 \’

* Move camera carefully

N/

over s,t plane .__:"”. )
* Gantry 4
« see Lightfield paper
N
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Stanford Gantry

ari gantry

Lumigraph - Capture

o ldea 2
* Move camera anywhere

* Rebinning
« see Lumigraph paper




Lumigraph - Rendering

/

o For each output pixel
» determine s,t,u,v

* either
« find closest discrete RGB
« interpolate near values

Lumigraph - Rendering

o For each output pixel
» determine s,t,u,v

* either
« use closest discrete RGB
« interpolate near values S u

Lumigraph - Rendering

u Nearest
* closest s
* closestu
e draw it

UBlend 16 nearest
quadrilinear S u
interpolation

Lumigraph - Rendering

a Depth Correction
* closest s
* intersection with “object’,
» bestu
* closestu

Lumigraph - Rendering

o Depth Correction
 quadralinear interpolation
* new “closest”
* like focus

Lumigraph - Rendering

o Fast s,t,u,v finding
* scanline interpolate
« texture mapping
» shear warp




Lumigraph - Rendering

o Fast s,t,u,v finding
* scanline interpolate\
* texture mapping
 shear warp sl,ul

s2,u2 _|_

Lumigraph - Rendering

o Fast s,t,u,v finding
« scanline interpolate
\ » texture mapping
* shear warp

Lumigraph - Rendering

o Fast s,t,u,v finding
« scanline interpolate 1,

« texture mapping =
« shear warp \

Lightfield - Examples

Lumigraph - Example

Lightfield Video
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3D Representations

o Image is 2D
o Lumigraph is 4D

o What happened to 3D?
» 3D Lumigraph subset
» Concentric mosaics

3D Lumigraph

™ ~
a One row of s,t plane N
* i.e., hold t constant
\\\\ iy
~
S,t N u,v

3D Lumigraph

o One row of s,t plane
* i.e., hold t constant
« thus s,u,v
* a “row of images”

Concentric Mosaics

o Replace “row” with “circle” of images

Concentric Mosaics

Concentric Mosaics

a From above ] \/ »
N A
IV,
< "
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Concentric Mosaics

o From above

Concentric Mosaics

o Panorama

2.5D Representations

o Image is 2D

o Lumigraph is 4D

o 3D
» 3D Lumigraph subset
» Concentric mosaics

0 2.5D
» Layered Depth Images
» View Dependent Surfaces

Layered Depth Image

25D?

Layered Depth Image

Layered Depth Image
o Rendering from LDI
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oo
\\

* Incremental in LDI X and Y
« Guaranteed to be in back-to-front order

Layered Depth Image
o Rendering from LDI
—
\

* Incremental in LDI X and Y
* Guaranteed to be in back-to-front order
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Layered Depth Image

o Rendering from LDI
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« Incremental in LDI X and Y
* Guaranteed to be in back-to-front order

Layered Depth Image

View Dependent Surfaces

View Dependent Surfaces

Modeling and Rendering Architecture from Photographs
oo

. Taybor. and Mk |98

Facade Quicktime

Summary

o 5D: Plenoptic Function (Ray)
o 4D: Lumigraph / Lightfield

o 3D: Lumigraph Subset

o 3D: Concentric Mosaics

o 2.5D: Layered Depth Image

o 2.5D: View Dependent Models
o 2D: Image
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Plenoptic Cameras

Thanks

o Peter-Pike Sloan (Lumigraph)
o Jonathan Shade (Lightfield, LDI)

o Marc Levoy, Stanford University
* Michaelangelo data set

14



