Expanding the horizons of image-based modeling and renderingMarc LevoyComputer Science DepartmentStanford University

� 1997 Marc Levoy

Geometry-based versusimage-based renderinggeometryimagesreal-time interactive flythrough of sceneconceptual worldreal world

offlinerenderingimageanalysis

real-timerenderingimage-basedrendering

modelconstructionimageacquisition

� 1997 Marc LevoyIBR: a definition�The study of image-based modelingand rendering is the study ofsampled representations of geometry.�

� 1997 Marc LevoySampled representationsof geometry¥classic representations—textures, sprites, shadow maps, reflectance maps, range images, disparity maps, optic flow fields, panoramas, movie maps, density volumes, epipolar volumes, etc.¥recent additions—arrays of images, light fields / Lumigraphs, inconsistent arrays of range images, hierarchical image caches, etc.

� 1997 Marc LevoySo what�s new?increasing memory and CPU speeds�greater dimensionality and size�algorithms that operate without geometry

� 1997 Marc LevoyWhere are the boundariesof this paradigm?1. What other sample representations

are possible?2. What operations

are possible on image-based representations?3. What new applications

exist for these techniques?

� 1997 Marc LevoyGame #1: increase the dimensionality2D rgbtexture2D rgbzrange image2.5D rgbazlayered depth images4D rgblight field / Lumigraph4D rgbzarray of range images4.5D rgbazlayered light fields

� 1997 Marc LevoyGame #2: replace the quantity represented4D rgblight field / Lumigraph{u, v, s, t}5D rgbplenoptic function{x, y, z} · {q, j}6D rfree-space BRDF field{u, v, s, t} · {qi, ji } 7D r

BRDF volume

{x, y, z} · {

i , qr , j r }

� 1997 Marc LevoyOther quantities¥opacity¥importance¥vector irradiance¥geometric transformations

� 1997 Marc LevoyGame #3: make a taxonomy¥Operation: changing the viewpointclassic ray tracing ( W h i

, 1 9 8 0 ) ray t r a c i n g + rad i an ce i n p o l a ti o n ( T e l l e r e t a l . , 1 9 ?(requires 4.5D r z)light field/ m i g r ap h ( L e v o y & H a n r a h a n , 1 6 ; G o r tl er e t a l. , 1 9 9 6 ) geometry-basedimage-basedradiancereflectance

� 1997 Marc LevoyOther operations¥Changing the illumination¥Changing the reflectance¥Changing the shape

o bjref lo bjradL F+zref lL F+zradL Fref lL Fradi

+ z r a d i m r e f l i m r a d objrefl3Dpaintlig

0LFbuild0re n de r 0 0 0 objradinverselig

ild0LFbuild0 r e n d e r 0 0 L F+zrefloccup-

aint?LFlighting ? dr o p z 0 LF vi e w 0 0 0 L F+zrad

gridLFinverselightin g ? 1 0 d r op z 0 LF vi e w fromLF?0find zfromLF?0LFpaint ? 0 ph o t e r e o 0 LF vi e w 0 L Frad0shapefromLF?0find ref l 1 0 0 0 L F v i e w im+zrefl000000zpai

m+zrad000000pickrefl10dropz

imrefl0

fromshading0paint

imrad00000000pickre

� 1997 Marc Levoy

infooutput

input

forwardmethodsinversemethods

� 1997 Marc LevoyWill IBR take over the world?¥Yes—simple, brute force—universal meta-primitive—geometry is implicit—independent of scene complexity—multiresolution is trivial—hardware acceleration¥No—

discards structure of model — rasterized geometry —

- Jim Kajiya, 1991