Page1 CS348B Lecture 2Pat HanrahanRendering Systems IssuesDesign goalsnComplexity nDiversitynFastnHigh fidelity; no computational artifacts

n Geometric shapes n Visibility subsystem n Shading subsystem n Window and 2D graphics systems

CS348B Lecture 2Pat HanrahanGeometric PrimitivesModelingRenderingIntermediate

Fractals, Spheres, Patches, PolygonsMicropolygons, Blots, Spans, SamplesPixels

Page2 CS348B Lecture 2Pat HanrahanGeometric MethodsSimple object-oriented architecturesnBounds (culling)nTransform (modeling and viewing)nSurface normals (shading)nSurface parameterization (texturing)

Rasterization/intersection (visibility) n Conversion n Miscellanous: create, load, save, ...

CS348B Lecture 2Pat HanrahanHidden/Visible Surface AlgorithmsVariationsnObject space vs. image spaceContinuous vs. discretenObject order vs. image order

Sorting time

Sort first vs. sort last

Page3 CS348B Lecture 2Pat HanrahanObject Space AlgorithmsRobert�s Algorithmfor each polygon construct shadow volumefor each edgeclip edge to shadow volumesWeiler-Atherton Algorithmsort polygons front to back

S = Union(P,S)

CS348B Lecture 2Pat HanrahanSort-first vs. Sort-lastPainter�s Algorithm (Schumacher �69)sort polygons back to frontfor each polygon Pfor each pixel S in P image[S.x,S.y].c = S.cZ-buffer Algorithm (Catmull �74)for each polygon Pfor each pixel S in P

Page4 CS348B Lecture 2Pat HanrahanObject vs. Image OrderRay Casting (Appel �68, Goldstein&Nagel �71)for each pixel S in the imagefor each polygon P zmin = +huge if polygon.inside(S.x,S.y,&z,&c) if z < zmin then S.c = cZ-buffer Algorithm (Catmull �74)

image[S.x,S.y].z = S.z

image[S.x,S.y].c = S.c

SSS: �ZB and RT algorithms are hopelessly inefficient�

CS348B Lecture 2Pat HanrahanCurrent Graphics Pipeline

Transform

Shade

Clip/Cull

Project

Sample

Hide

Page5 CS348B Lecture 2Pat HanrahanLightingIllumination and reflection calculationsnNormalsnCoordinate systemsLighting calculationsare derived fromlaws of physicsmust be done in cs

Transform

Shade

Project

PPNCS348B Lecture 2Pat HanrahanTransformation of NormalsNormals remain perpendicular to tangentsRotations special case!

N•V = 0 ′N • ′V = 0

Page 6

CS348B Lecture 2Pat HanrahanShadingEfficient display of curved surfacesInterpolationFlat shadingFill interior with constant colorDetermine polygon color by lighting calculation

bgnpolygon;

c3f;

v3f; v3f; v3f;

endpolygon; n Gouraud shading n Phong shading

CS348B Lecture 2Pat HanrahanGouraud ShadingInterpolatenLinearly in screen space to fill interiornInterpolate color, depth, texture, ...

bgnpolygon;

c3f;v3f; c3f;v3f;

c3f;v3f;

endpolygon;

CS348B Lecture 2Pat HanrahanGouraud Shading

r^1r^2r3r3_{CS348B Lecture 2Pat HanrahanPhong ShadingThree Ideas!1. Interpolate normals2. Compute lighting once per pixel3. Phong reflection formula}

LNELR_{R•L( )s}N

Page 8

CS348B Lecture 2Pat HanrahanScanline Algorithms1. For each polygon vertexBucket sort by y value

CS348B Lecture 2Pat HanrahanScanline Algorithms2. For each scan-line maintain active edge listFor each vertex in this scan-line bucketif upper vertex then insert 2 edgesif lower vertex then delete 2 edgesif monotone vertex then replace edge Sort active edge list by x

Page 9

CS348B Lecture 2Pat HanrahanScanline AlgorithmsReduce 3D hidden surface to 2D hidden edgexzy

CS348B Lecture 2Pat Hanrahan2D Hidden Edge Algorithms1. Scan-line z-buffer2. Painter�s algorithmZ sort spansfor each span paint span3. X-sort

X sort spans

for x=xmin to xmax

if edge at x

if left then insert span, z-sort

if right then remove span, z-sort paint pixel

Page 10

CS348B Lecture 2Pat HanrahanComparisonsZ-Buffer and Scanline+Exploit spatial coherence Incremental sorting: bubble sortIncremental computation: new x,y,z,c...Scanline + Raster scan order; refresh processor + Deferred shading +

Write-only algorithm + Easy to modify to do transparency

Z-buffer + Unlimited complexity + Diverse set of primitives

CS348B Lecture 2Pat HanrahanReyes AlgorithmAdaptive subdivision of higher level primitivesLane-Carpenter

Flat?

SplitPrimitivesPolygonsYesNo

Page 11

CS348B Lecture 2Pat HanrahanBucket VersionConserve memory!sort(primitive) bound = primitive->bound(); if( inside(bound,view) ) bucket[bound->min] = primitive;render()

for each bucket

for each primitive in bucket

if( primitive->flat() )

draw(primitive->polygon()); else

sort(primitive->split());

CS348B Lecture 2Pat HanrahanGrid VersionEfficient shading of small primitives

Diceable?

Split

PrimitivesGridsYesNo

ShadeMicropolygons