Page1 CS348B Lecture 13Pat HanrahanTexture Mapping2D Texture Space Parameterization3D Object Space Model Transformation3D World Space

Projection

2D Image Space

CS348B Lecture 13Pat HanrahanBarr/Catmull-Smith FrameworknParameterization - Deformation of parameter spacenDeformation - Bending and twistingnNon-linear camera projections - Omnimax/FisheyeThe whole process may be modeled as a complicatednon-linear deformation of parameter space. Solve!!Implement an image synthesis machine as based on

Page2 CS348B Lecture 13Pat HanrahanMapping AlgorithmsForward mapping (splatting, blots, ADO)for all (u,v) (x,y) = f(u,v) image[x][y] = texture[u][v]Backward mapping (RE)for all (x,y) (u,v) = f-1

Pat HanrahanComparisonForward Mapping+Efficiently implemented in current architectures+Texture applied in object space, before shading+Forward transform may be simpler than backward-ResamplingMay leave gaps in image

Similar to ray tracing - Backward transform may be difficult to invert - Resampling

Spatially varying filter

Both routinely used in volume rendering

Page3 CS348B Lecture 13Pat HanrahanPolygonal MappingParameterization may be written as a linear mapThe transformation from texture space to image space be performed with a single 2d projective matrixThe inverse transformation from image space to texturespace is also a 2d projective matrix

P = P0 +uP1 +vP2 xyw = a b c d e f g h i uv1 (x,y,w) = P((V(M(T(u,v,1))))) = (PVMT)(u,v,1) uvw = A B C D E F G H I xyw

CS348B Lecture 13Pat HanrahanIncremental Texture Mapping Loopx = xmin;unum = A*x+B*y+C; vnum = D*x+E*y+F;

den = G*x+H*y+I;for( ; x<xmax; x++ ) {

image[x][y]=texture(unum/den,vnum/den);

unum += A;

vnum += D;

den += G; }

′x = xw = au +bv+c gu + hv+i ′y = yw = du +ev+ f

u = unumden = Ax+ By+C Gx+ Hy+ I v = vnumden = Dx+ Ey+ F

Page 4

CS348B Lecture 13Pat HanrahanHorizontal and Vertical Polygons

uvxya

x = aua − v y = 1a − v

Scan horizontally: 1 divide per scanline

CS348B Lecture 13Pat HanrahanAffine Texture Mapx = xmin; u = A*x+B*y+C;

v = D*x+E*y+F;for( ; x<xmax; x++ ) { image[x][y]=texture(u,v);

u += A;

v += D; }

u = Ax+ By+C v = Dx+ Ey+ F

A B C AParallel Projections

CS348B Lecture 13Pat HanrahanLinearly Interpolating Texture Coords

CS348B Lecture 13Pat HanrahanImplicit Texture TransformationThe Basic Idea1. Projective transformation between spaces2. Create homogeneous coordinates at vertices3. Interpolate homogeneous coordinates4. Divide through by w to get true coordinates^ PQ Q̂_T− 1TP = T^{− 1^}Q = T^{− 1 Q}_{Qw} = T^{− 1}T^{P̂}_{Qw} =^{P̂}_{Qw}

Page 6

CS348B Lecture 13Pat HanrahanGeneralized Interpolation(x,y,z,1,nx,ny,nz,r,g,b,a,u,v,...,1)(xw,yw,zw,w,nx,ny,nz,r,g,b,a,u,v,...,1)(xw/w,yw/w,zw/w,w,nx/w,ny/w,nz/w,r/w,g/w,b,a/w,u/w,v/w,....,1/w)......

Transform and ClipProject

InterpolateProjectNormal - Phong Color - Gouraud

Both already approximationsParameters affinely related

CS348B Lecture 13Pat HanrahanExplicit Texture TransformationPages from PaulThe ideaQuadrilateral-Quadrilateral MapQuadrilateral-Square MapUse for fake 3D!

Page 7

CS348B Lecture 13Pat Hanrahan

The Quadrangle

ABCDPQRA× BB× CC × DD× A_{P = (B× D)× (A× C)Q = (A× B)× (C × D)}R= (D× A)× (B× C)_{xy}w_{PQRuv�}Ł_�ł_{�=�}Ł_{� �}ł_�Ł_�ł_�1_{CS348B Lecture 13Pat Hanrahan}

Filtering

TextureImage

Texture->ImageImage->Texture

Two cases:1.Magnification / Interpolation2.Minification / Decimation / Averaging

Page 8

CS348B Lecture 13Pat HanrahanResampling ProcessDiscrete ImageContinuous ImageContinuous ImageContinuous ImageDiscrete Image

Reconstruction filterBandlimiting filter

Transformation/WarpSample

CS348B Lecture 13 Pat Hanrahan

ResamplingCan merge reconstruction, transform, filterIf magnify-> Bandlimiting subsumed by reconstruction -> Reconstruct in destination space

with transformed filter

If minify

-> Reconstruction subsumed by bandlimiting

-> Average in source space

with transformed filter

Note: 1.

Affine: Shift invariant filter 2. Perspective/Deformation: Shift varying filter

Page 9

CS348B Lecture 13Pat HanrahanFast Filtering AlgorithmsDirect convolutionTime proportional to the areaPrecompute partial convolutionsApproximate filteringnResolution sets n Mipmap �multum in parvo�

Dungan, Williams

n Summed area tables

Crow n Repeated integration filtering

Perlin, Heckbert

CS348B Lecture 13Pat HanrahanResolution SetsCATS - Coherent Access TexturesIdeal for uniform samplingof parametric surfacez

Page 10

CS348B Lecture 13Pat HanrahanMipMapsInterpolation

CS348B Lecture 13Pat HanrahanPrinciple of Texture ThriftUsing a multiresolution pyramidal representation,the amount of texture information needed by therenderer is proportional to the size of the outputimage, and not the size of the input texture data-base.

CS348B Lecture 13Pat HanrahanSummed Area Tables+

+--++--=