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IntroductionIntroduction

W OW O RR E M A R K SE M A R K S::
vO ur goal is to i m ple m e nt “adaptive” texture maps O ur goal is to i m ple m e nt “adaptive” texture maps 

with offwith off--thethe--shelf graphics hardware.shelf graphics hardware.
vT his research is about an application of T his research is about an application of 

progra m m a ble graphics hardware,                                 progra m m a ble graphics hardware,                                 
not a suggestion for new graphics hardware.not a suggestion for new graphics hardware.

T



Martin Kraus and Thomas Martin Kraus and Thomas ErtlErtl, Adaptive Texture Maps, Adaptive Texture Maps

Graphics Hardware 2002 Graphics Hardware 2002 • SaarbrückenSaarbrücken • September 1September 1--2, 20022, 2002

IntroductionIntroduction
W OW O PP R O B L E M SR O B L E M S O FO F HH A R D W A R EA R D W A R E-- AA SSISTEDSSISTED TT E X T U R EE X T U R E
MM A P PI N GA P PI N G::
vTexture data must be specified on unifor m grids.Texture data must be specified on unifor m grids.

o W e restrict ourselves to the mapping from texture W e restrict ourselves to the mapping from texture 
coordinates to texture data.coordinates to texture data.

vLi mited texture me m ory:Li mited texture me m ory:
o Usually enough for 2d texture data,Usually enough for 2d texture data,
o Hardly enough for 3d texture data,Hardly enough for 3d texture data,
o Usually not enough for 4d texture data.Usually not enough for 4d texture data.
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IntroductionIntroduction
W OW O MM A I NA I N PP A R T SA R T S O FO F TT HISHIS TT A L KA L K::
vA d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions

o Adaptivity Adaptivity and Requirementsand Requirements
o Data Representation, Sa m pling, and GenerationData Representation, Sa m pling, and Generation

vA p plications in 3 and 4 DimensionsA p plications in 3 and 4 Dimensions
o V olu m e RenderingV olu m e Rendering
o Light Field RenderingLight Field Rendering
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A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W O W O KKI N D S OF I N D S OF AA D A P TI VITY A N D D A P TI VITY A N D CC O M P R E S SI O NO M P R E S SI O N::
vA d a ptive do m ain                                                 A d a ptive do m ain                                                 

of texture data                                                 of texture data                                                 
((losslesslossless co m pression).co m pression).

vLocally adaptive                                                Locally adaptive                                                
resolution of                                                   resolution of                                                   
texture data                                                    texture data                                                    
((lossylossy co m pression).co m pression).
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A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W OW O RR E Q UIRE M E N T SE Q UIRE M E N T S::
vFast rando m access toFast rando m access to

texture data.texture data.
Progra m m a ble texturing                                       Progra m m a ble texturing                                       
allows us to decode allows us to decode 
texture data ontexture data on--thethe--fly.fly.

vT w oT w o--level data representation.level data representation.
Because the ATI Because the ATI Radeon Radeon 8500 is limited 8500 is limited 
to one level of dependent texture reads.to one level of dependent texture reads.

T
texture coordinates

per-pixel 
operations

decoded texel

encoded
texture map



Martin Kraus and Thomas Martin Kraus and Thomas ErtlErtl, Adaptive Texture Maps, Adaptive Texture Maps

Graphics Hardware 2002 Graphics Hardware 2002 • SaarbrückenSaarbrücken • September 1September 1--2, 20022, 2002

A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W O W O LL E V E L S OF T H E E V E L S OF T H E DD A T A A T A RR EPRESE N T A TI O N:EPRESE N T A TI O N:

vIndex data (upper level): Index data (upper level): 
o Each cell/Each cell/texeltexel of a coarse gridof a coarse grid

corresponds to one data block.corresponds to one data block.
o Each cell/Each cell/texeltexel specifies                                      specifies                                      

coordinates and scaling factorscoordinates and scaling factors
of the corresponding data block. of the corresponding data block. 

vPacked data (lower level):Packed data (lower level):
o All data blocks packed into oneAll data blocks packed into one

uniform grid/texture.                       uniform grid/texture.                       
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A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W O W O SS TEPS OF TEPS OF SS A M P LI N G A M P LI N G AA D A P TIVE D A P TIVE TTE X T U R E S:E X T U R E S:

vRead index data and                                             Read index data and                                             
calculate coordinates                                           calculate coordinates                                           
for the second step.for the second step.

vRead and interpolate                                            Read and interpolate                                            
actual texture data                                             actual texture data                                             
fro m packed data.fro m packed data.

T
(s,t)(s,t)

(s’,t’)(s’,t’)
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A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W O W O PP ASSES OF A ASSES OF A FF R A G M E N T R A G M E N T SS H A D E R H A D E R PP R O G R A M:R O G R A M:T

texture coordinates,texture coordinates,
constants, primary constants, primary 
and secondary colorand secondary color

arithmeticsarithmetics
(dep.) sa m pling and routing(dep.) sa m pling and routing

arithmeticsarithmetics
sa m pling and routingsa m pling and routing

registersregisters
temporarytemporary

fragment colorfragment color

1st pass1st pass

2nd pass2nd pass
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A d a ptive Texture Maps in 2 DimensionsA d a ptive Texture Maps in 2 Dimensions
W O W O SS TEPS OF TEPS OF GG E N E R A TI N G E N E R A TI N G AA D A P TIVE D A P TIVE TTE X T U R E S:E X T U R E S:

vSeparate Separate downsa m pling downsa m pling of each data block:of each data block:
o D o w n s a m pling D o w n s a m pling is repeated for each data block until is repeated for each data block until 

so m e error threshold is reached.so m e error threshold is reached.
o Scale factors are stored in index data.Scale factors are stored in index data.
o Special treatment of block boundaries (cont. Special treatment of block boundaries (cont. interpolinterpol.!).!)

vPacking of Packing of downsa m pled downsa m pled data blocks:data blocks:
o Si m ple, nonSi m ple, non--optimal packing algorith m is sufficient.optimal packing algorith m is sufficient.
o Coordinates of packed blocks are stored in index data.Coordinates of packed blocks are stored in index data.
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Second Part of the TalkSecond Part of the Talk
W O W O AA PPLICATIO N S PPLICATIO N S ( V( V A RI A N T S)A RI A N T S)::
vV olu m e Rendering (3 D Texture Maps)V olu m e Rendering (3 D Texture Maps)

(Data fro m the Stanford volu m e data archive.)(Data fro m the Stanford volu m e data archive.)
vLight Field Rendering (4D Texture Maps)Light Field Rendering (4D Texture Maps)

(( Data fro m the Standford light fields archiveData fro m the Standford light fields archive.).)
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A p plication: V olu m e RenderingA p plication: V olu m e Rendering
W O W O KKI N D S OF I N D S OF TTE X T U R EE X T U R E--BB A S E D  A S E D  VV O L U M E O L U M E 
RR E N D E RI N GE N D E RI N G::

objectobject--aligned                   aligned                   viewplaneviewplane--alignedaligned
(2d textures)                      (3d textures)(2d textures)                      (3d textures)
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A p plication: V olu m e RenderingA p plication: V olu m e Rendering
W O W O II N T E R N A L N T E R N A L 3 D3 D TT E X T U R E E X T U R E MM A P S A P S FF O R                                                              O R                                                              
AA D A P TIVE D A P TIVE 3 D3 D TT E X T U R E E X T U R E MM A P SA P S::

index data: 32index data: 3233 cells            packed data: 25 6cells            packed data: 25 633 voxelsvoxels
(32(32 33 cellscells × 1 61 6 33 voxelsvoxels/cell = 5 1 2/cell = 5 1 2 33 voxelsvoxels))
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A p plication: V olu m e RenderingA p plication: V olu m e Rendering
W O W O KKI N D S OF I N D S OF AA R T I F A C T SR T I F A C T S::
vSa m pling error in data set. Sa m pling error in data set. 
vDiscontinuous boundaries                                        Discontinuous boundaries                                        

between data blocks                                             between data blocks                                             
because of fixedbecause of fixed--point                                                           point                                                           
arith m etics arith m etics in frag m e nt                                                     in frag m e nt                                                     
shader shader progra ms.progra ms.
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A p plication: V olu m e RenderingA p plication: V olu m e Rendering
W O W O SS TEPS T O TEPS T O VV E C T O R E C T O R QQ U A N TIZ A TI O NU A N TIZ A TI O N::
vUse few (25 6 ), tiny data blocks (2Use few (25 6 ), tiny data blocks (233 voxelsvoxels).).
vUse nearestUse nearest--neighbor interpolation in packed data.neighbor interpolation in packed data.

(See “Texture Compression” in E U R O G R A P HICS 2002, Tutorial T4.)(See “Texture Compression” in E U R O G R A P HICS 2002, Tutorial T4.)
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A p plication: Light Field RenderingA p plication: Light Field Rendering
W O W O PP AIRS OF AIRS OF CC O O R DI N A T E SO O R DI N A T E S::

((LevoyLevoy, , HanrahanHanrahan: Light Field Rendering, SI G G R A P H ‘96.): Light Field Rendering, SI G G R A P H ‘96.)
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A p plication: Light Field RenderingA p plication: Light Field Rendering
W OW O--LL E V E L E V E L DD A T A A T A RR EPRESE N A TI O NEPRESE N A TI O N::
vEach data block covers several values of s and t, Each data block covers several values of s and t, 

one value of u and all values of v.one value of u and all values of v.

index data               one data block index data               one data block 
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A p plication: Light Field RenderingA p plication: Light Field Rendering
W O W O TT RILI N E A R RILI N E A R II N T E R P O L A TI O N S N T E R P O L A TI O N S FF O R O R OO N E N E 
QQ U A D RILINE A R U A D RILINE A R II N T E R P O L A TI O NN T E R P O L A TI O N::
vTrilinear Trilinear interpolation of L(floor(u), v, s, t).interpolation of L(floor(u), v, s, t).
vTrilinear Trilinear interpolation of L(ceiling(u), v, s, t).interpolation of L(ceiling(u), v, s, t).
vLinear interpolation of results with weights                    Linear interpolation of results with weights                    

ceiling(u) ceiling(u) -- u and u u and u -- floor(u) gives L(u, v, s, t).floor(u) gives L(u, v, s, t).
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A p plication: Light Field RenderingA p plication: Light Field Rendering
W O W O EE X A M P L E SX A M P L E S::T
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C o n clusionsC o n clusions
W O W O QQ U E S TI O N SU E S TI O N S::
vH o w useful are adaptive texture maps?H o w useful are adaptive texture maps?

o Depends very much on the texture data.Depends very much on the texture data.
o Very useful for data with strongly varying resolution.Very useful for data with strongly varying resolution.
o Also useful for data with large e m pty regions.Also useful for data with large e m pty regions.
o Vector Vector quantizationquantization is useful for volu m e rendering.is useful for volu m e rendering.

vShould they be imple m e nted in hardware?Should they be imple m e nted in hardware?
o N o, because progra m m a ble graphics hardware will soon N o, because progra m m a ble graphics hardware will soon 

be good enough.be good enough.
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Future WorkFuture Work
W O W O AA R E A SR E A S::
vExploiting new graphics hardware:Exploiting new graphics hardware:

o FloatingFloating--point precision, point precision, 
o C o m bination with other perC o m bination with other per--pixel computations,pixel computations,
o Deeper hierarchies with more dependent texture reads.Deeper hierarchies with more dependent texture reads.

vExploring more fields of application:Exploring more fields of application:
o N or m al maps, environment maps, shadow maps, …N or m al maps, environment maps, shadow maps, …
o BRDFsBRDFs, multi, multi--dimensional transfer functions, …dimensional transfer functions, …
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W O W O MM O R E O R E TT HI N G S T O HI N G S T O SS A YA Y::
vThank you!Thank you!
vA n y questions?A n y questions?

T


