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RadiosityRadiosity

COS 526, Fall 2010COS 526, Fall 2010

RadiosityRadiosity

OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Rendering EquationRendering Equation

Radiosity EquationRadiosity Equation

Assume everything Assume everything 
is Lambertianis Lambertian

Convert toConvert to
RadiositiesRadiosities

Radiosity ApproximationRadiosity Approximation

wherewhere

Discretize surfacesDiscretize surfaces
into elementsinto elements
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System of EquationsSystem of Equations IntuitionIntuition

OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Form FactorForm Factor

•• Fraction of energy leaving element i Fraction of energy leaving element i 

that arrives at element jthat arrives at element j

Form Factor IntuitionForm Factor Intuition

Projection toProjection to
hemispherehemisphere

Projection Projection 
to diskto disk

Divide byDivide by
area of diskarea of disk

Computing Form FactorsComputing Form Factors

Cohen &Cohen &
WallaceWallace
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Computing Form FactorsComputing Form Factors

Cohen &Cohen &
WallaceWallace

Analytic Form FactorsAnalytic Form Factors

•• Derive equation for projected areaDerive equation for projected area

–– Possible only for simple casesPossible only for simple cases

Partial visibility is problematicPartial visibility is problematic

Computing Form FactorsComputing Form Factors

Cohen &Cohen &
WallaceWallace

HemicubeHemicube

•• Compute form factor with imageCompute form factor with image--space precision space precision 

–– Render scene from centroid of ARender scene from centroid of Aii

–– Use zUse z--buffer to determine visibility of other surfacesbuffer to determine visibility of other surfaces

–– Count “pixels” to determine projected areasCount “pixels” to determine projected areas

Regular sampling Regular sampling 
leads to aliasing artifactsleads to aliasing artifacts

Approximating AApproximating Aii with with 
point leads to errorspoint leads to errors

Computing Form FactorsComputing Form Factors

Cohen &Cohen &
WallaceWallace

Monte Carlo SamplingMonte Carlo Sampling

•• Compute form factor by random samplingCompute form factor by random sampling

–– Select random points on elementsSelect random points on elements

–– Intersect line segment to evaluate VIntersect line segment to evaluate Vijij

–– Evaluate FEvaluate Fijij by Monte Carlo integrationby Monte Carlo integration
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OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Selecting a Basis FunctionSelecting a Basis Function

•• Store radiosity function on surface meshStore radiosity function on surface mesh

–– PiecewisePiecewise--constant, piecewiseconstant, piecewise--linear, wavelets, etc.linear, wavelets, etc.

Cohen &Cohen &
WallaceWallace

OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Solving the System of EquationsSolving the System of Equations

•• Challenges:Challenges:

–– Size of matrixSize of matrix

–– Cost of computing form factorsCost of computing form factors

–– Computational complexityComputational complexity

Solving the System of EquationsSolving the System of Equations

•• Solution methods:Solution methods:

–– Invert the matrix Invert the matrix –– O(nO(n33))

–– Iterative methods Iterative methods –– O(nO(n22))

–– Hierarchical methods Hierarchical methods –– O(n)O(n)

GaussGauss--Seidel IterationSeidel Iteration
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GaussGauss--Seidel IterationSeidel Iteration

•• Iteratively relax rows of linear systemIteratively relax rows of linear system

•• Effectiveness depends on sparsity of matrixEffectiveness depends on sparsity of matrix

GaussGauss--Seidel IterationSeidel Iteration

•• Interpretation: gather radiosity to elementsInterpretation: gather radiosity to elements

Progressive RadiosityProgressive Radiosity Progressive RadiosityProgressive Radiosity

•• Iteratively shoot “unshot” radiosity from elementsIteratively shoot “unshot” radiosity from elements

•• Select shooters in order of unshot radiositySelect shooters in order of unshot radiosity

Progressive RadiosityProgressive Radiosity

•• Adaptive refinementAdaptive refinement

YeapYeap

Progressive RadiosityProgressive Radiosity
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Progressive RadiosityProgressive Radiosity OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Surface Meshing GoalsSurface Meshing Goals

•• Store radiosity across surfaceStore radiosity across surface

–– Represents function wellRepresents function well

–– Few elementsFew elements

–– Few visible artifactsFew visible artifacts

Cohen & WallaceCohen & Wallace

Artifacts of Bad Surface Meshing Artifacts of Bad Surface Meshing 

Cohen & WallaceCohen & Wallace

Error ImageError Image

Cohen & WallaceCohen & Wallace

Error ImageError Image

Cohen & WallaceCohen & Wallace
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Adaptive MeshingAdaptive Meshing

•• Refine mesh in areas of high residualRefine mesh in areas of high residual

YeapYeap

Adaptive MeshingAdaptive Meshing

Uniform meshUniform mesh Adaptive meshAdaptive mesh

Cohen & WallaceCohen & Wallace

Error ComparisonError Comparison

Cohen &Cohen &
WallaceWallace UniformUniform AdaptiveAdaptive

Adaptive MeshingAdaptive Meshing

Adaptive MeshingAdaptive Meshing Adaptive MeshingAdaptive Meshing

BaumBaum
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Discontinuity MeshingDiscontinuity Meshing

•• Capture discontinuities in radiosity across a Capture discontinuities in radiosity across a 

surface with explicit mesh boundariessurface with explicit mesh boundaries

LischinskiLischinski

Discontinuity MeshingDiscontinuity Meshing

•• Capture discontinuities in radiosity across a Capture discontinuities in radiosity across a 

surface with explicit mesh boundariessurface with explicit mesh boundaries

Discontinuity MeshDiscontinuity Mesh

LischinskiLischinski

Hierarchical RadiosityHierarchical Radiosity

•• Estimate errors, refine elements if too largeEstimate errors, refine elements if too large

Cohen &Cohen &
WallaceWallace

Hierarchical RadiosityHierarchical Radiosity

Hierarchical RadiosityHierarchical Radiosity Hierarchical RadiosityHierarchical Radiosity
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Hierarchical RadiosityHierarchical Radiosity OverviewOverview

•• Radiosity equationRadiosity equation

•• Solution methodsSolution methods

–– Computing form factorsComputing form factors

–– Selecting basis functions for radiositiesSelecting basis functions for radiosities

–– Solving linear system of equationsSolving linear system of equations

–– Meshing surfaces into elementsMeshing surfaces into elements

–– Rendering images Rendering images 

Displaying RadiosityDisplaying Radiosity

•• Usually, simple interpolation (Gouraud shading)Usually, simple interpolation (Gouraud shading)

•• Can also try to preserve discontinuities…Can also try to preserve discontinuities…

computedcomputed displayeddisplayed

Cohen &Cohen &
WallaceWallace

ExtensionsExtensions

•• NonNon--diffuse environmentsdiffuse environments
–– Directional radiosity functionsDirectional radiosity functions

–– Extended form factorsExtended form factors

–– Multipass methodsMultipass methods

•• Participating mediaParticipating media
–– Path integrals in form factorsPath integrals in form factors

•• Dynamic scenesDynamic scenes
–– Incremental updatesIncremental updates

•• Parallel solversParallel solvers
–– DecompositionDecomposition

–– SchedulingScheduling


