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IntroductionIntroduction to IBRto IBR

Image Based RenderingImage Based Rendering
Uses real or synthetic images in the rendering Uses real or synthetic images in the rendering 
processprocess
It is often somewhere between computer It is often somewhere between computer 
vision and computer graphicsvision and computer graphics
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IntroductionIntroduction to IBRto IBR

Rendering complexity is Rendering complexity is not dependentnot dependent on on 
geometric complexitygeometric complexity

Often there is no geometry at allOften there is no geometry at all

Note thatNote that
Usage of textures is image based renderingUsage of textures is image based rendering
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Computer GraphicsComputer Graphics

modelsynthetic camera

ray

image
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Computer VisionComputer Vision

real scene
real cameras

model
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Computer Graphics and Vision Computer Graphics and Vision 
CombinedCombined

real scenereal camerasmodelsynthetic
camera

image

21/12/200521/12/2005
Image Based Virtual RealityImage Based Virtual Reality

Ladislav Ladislav ČČmolmolííkk 88

Computer Vision FailsComputer Vision Fails

real scenereal camerasmodelsynthetic
camera

image
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Computer Graphics FailsComputer Graphics Fails

real scenereal camerasmodelsynthetic
camera

image
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Image Based RenderingImage Based Rendering

real scenereal cameras

model + images

synthetic
camera

image
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PlenopticPlenoptic FunctionFunction

Introduced by Introduced by AdelsonAdelson and Bergen [1]and Bergen [1]
PlenusPlenus = full, = full, OpticOptic = vision= vision
Function in 7DFunction in 7D
Theoretically continuous, in praxis is discreteTheoretically continuous, in praxis is discrete

( )tzyxPp ,,,,,, λφθ=
21/12/200521/12/2005
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PPlenopticlenoptic FunctionFunction

x, y, z x, y, z –– coordinates coordinates 
in 3D spacein 3D space
ΘΘ –– azimuthazimuth
ΦΦ –– elevation angleelevation angle
λλ –– wavelengthwavelength
t t -- time  time  

( )tzyxPp ,,,,,, λφθ=

x, y, zx, y, z

ΘΘΘ

ΦΦΦ
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PlenopticPlenoptic FunctionFunction

Ray (5D)Ray (5D)
Time is fixedTime is fixed
Wavelength is fixedWavelength is fixed
Position (3D)Position (3D)
Direction (2D)Direction (2D)
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PenopticPenoptic FunctionFunction

All rays through a point (2D for simplicity)All rays through a point (2D for simplicity)
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PlenopticPlenoptic FunctionFunction

All RaysAll Rays
Too complexToo complex
Too hardToo hard
Data structureData structure
to arrange raysto arrange rays
is neededis needed
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WhereWhere IIs s thethe ImageImage??

All rays through a point (2D for simplicity)All rays through a point (2D for simplicity)
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WhereWhere IIs s thethe ImageImage??

Intersections with image planeIntersections with image plane
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How Is the Image CreatedHow Is the Image Created??

Light towards a camera (2D for simplicity)Light towards a camera (2D for simplicity)

object
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PanoramicPanoramic ImagImaginging

Panoramic imagePanoramic image
2D 2D plenopticplenoptic function (function (ΘΘ, , ΦΦ))

Panoramic videoPanoramic video
Panoramic image + timePanoramic image + time
Panoramic image + positionPanoramic image + position

PlenopticPlenoptic modeling [2]modeling [2]
Interpolation of panoramic imagesInterpolation of panoramic images
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PanoramicPanoramic ImagImageses

Panorama is 2D Panorama is 2D plenopticplenoptic functionfunction
FullFull
PartialPartial

Position is constantPosition is constant
Only azimuth and elevation angles Only azimuth and elevation angles 
changeschanges
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PanoramicPanoramic ImagImageess TypesTypes

FullFull 2D 2D plenopticplenoptic functionfunction

Equirectangular Cubical
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PanoramicPanoramic ImagImageess TypesTypes

PPartialartial 2D 2D plenopticplenoptic
functionfunction

Cylindrical

Little planet
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Use of Panoramic ImagesUse of Panoramic Images

QuickTimeQuickTime
VRML 97 & X3DVRML 97 & X3D

Does Does notnot support spherical and cylindrical support spherical and cylindrical 
panoramaspanoramas
Supports only cubical panoramasSupports only cubical panoramas
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PanoramicPanoramic VideoVideo

One frame is panoramic imageOne frame is panoramic image
Time in video represents:Time in video represents:

Time (3D Time (3D plenopticplenoptic function)function)
Position (3D Position (3D plenopticplenoptic function)function)

Time in video
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Use of Use of PanoramicPanoramic VideoVideo

Security Security –– panoramic cameraspanoramic cameras
Virtual realityVirtual reality

Dynamic panoramas (e.g. sky)Dynamic panoramas (e.g. sky)

Image Based Virtual RealityImage Based Virtual Reality
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PanoramicPanoramic VideoVideo DemoDemo
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Layered Depth Images Layered Depth Images (LDI)(LDI)
LDI is 2.5D LDI is 2.5D plenopticplenoptic functionfunction
Introduced by J. Shade at al. in [3]Introduced by J. Shade at al. in [3]

object

object
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Layered Depth Images CapturingLayered Depth Images Capturing

Synthetic scenesSynthetic scenes
Depth sprites from Depth sprites from 
various anglesvarious angles
Modified rayModified ray--tracertracer
Modified zModified z--bufferbuffer

Real scenesReal scenes
Plenty of photographs from nearby viewsPlenty of photographs from nearby views
Positions and directions of cameraPositions and directions of camera

The position of camera is part of LDI The position of camera is part of LDI 
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Layered Depth Images RenderingLayered Depth Images Rendering

SplatingSplating
Pixel size is estimated from distancePixel size is estimated from distance
Pixels outside of view are clippedPixels outside of view are clipped

novel view
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Use of Layered Depth ImagesUse of Layered Depth Images

LODLOD
Between polygons and Between polygons and 
billboardsbillboards

Image Based Virtual Image Based Virtual 
RealityReality

camera

polygons

LDI

billboards

environment map
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Layered Depth Images Layered Depth Images DemoDemo
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Concentric mosaicConcentric mosaic

Concentric mosaic is 3D Concentric mosaic is 3D plenopticplenoptic functionfunction
IntroducedIntroduced by H.by H.--Y. Y. ShumShum andand L.L.--W. W. HeHe in in [4][4]

ray

radius

angle

from top from side

vertical elevation angle
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Concentric Mosaic CapturingConcentric Mosaic Capturing

C0 Ck Cn… …
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Concentric Mosaic RenderingConcentric Mosaic Rendering

Rendering of a novel Rendering of a novel 
viewview

Interpolation from near Interpolation from near 
samples is possiblesamples is possible

Perspective correction Perspective correction 
of interpolated slices is of interpolated slices is 
needed needed 
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Concentric Mosaic DemoConcentric Mosaic Demo
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LightLightffieldield / / LumigraphLumigraph

LightfieldLightfield / / LumigraphLumigraph is 4D is 4D plenopticplenoptic
functionfunction
LightfieldLightfield introducedintroduced by M. by M. LevoyLevoy atat alal. . [5][5]
LumigraphLumigraph introduced by S. J. introduced by S. J. GortlerGortler at at 
al. [6]al. [6]
Papers published in the same year and are Papers published in the same year and are 
very similar very similar 
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LightfieldLightfield / / LumigraphLumigraph

All light leaving object (4D)All light leaving object (4D)
2D position (in 2D plane)2D position (in 2D plane)
2D direction2D direction

object
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LightLightffieldield / / LumigraphLumigraph

4D organization4D organization
6 6 uvuv planes on cubeplanes on cube

ray
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LightfieldLightfield / / LumigraphLumigraph CapturingCapturing

Synthetic scenesSynthetic scenes
Rendered images from Rendered images from 
uvuv grid for all 6 planes grid for all 6 planes 
of cube of cube 
Direction of camera Direction of camera 
points to centre of the points to centre of the 
cubecube

Real scenesReal scenes
Photographs with the Photographs with the 
same propertiessame properties
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LightfieldLightfield / / LumigraphLumigraph RenderingRendering

Possible to Possible to 
render by render by 
rayray--tracer tracer 

Interpolation Interpolation 
from nearest from nearest 
16 samples16 samples

ray

u

v

s

t

21/12/200521/12/2005
Image Based Virtual RealityImage Based Virtual Reality

Ladislav Ladislav ČČmolmolííkk 4141

LightfieldLightfield / / LumigraphLumigraph DemoDemo
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ConclusionConclusion

Image based rendering does not depend Image based rendering does not depend 
on geometrical complexityon geometrical complexity
The size of data files is quite bigThe size of data files is quite big
Nowadays used in praxis only panoramic Nowadays used in praxis only panoramic 
images images ((and concentric mosaicsand concentric mosaics))
No support No support from VRML (X3D) viewersfrom VRML (X3D) viewers
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