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Global Illumination 

Light sources illuminate a surface directly 

 

 

 

 

 

 

This has been our assumption so far 
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Global Illumination 

Light bounces multiple times 

ïIlluminates the environment indirectly 
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Global Illumination 

Direct lighting: 

 

 

 

Indirect lighting: 

 

 

 

 

Combination is called global illumination 
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Indirect Lighting 

Indirect lighting is essential for realism 

ïOtherwise shadows would be pitch black 

ïAdds subtle (but important) effects 
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Indirect Lighting 

Games approximate the indirect lighting 

ïVery crude 

 

Common (easy) approximations 

ïSingle ambient term added to all lighting 

ïPrecalculate (indirect) lighting 

ïAdd ambient light sources 
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Indirect Lighting 

Very difficult problem 
ïEverything can light everything 
ÅSolution depends on itself 

 

Main subject of this and next two lectures 
ïThis lecture: ray based methods 

ïNext lecture: methods based on finite elements 

ïThird lecture: approximations 

Path Tracing and Photon Mapping 7 



Advanced Graphics 2012-2013 Advanced Graphics 2012-2013 

RAY TRACING 
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Ray tracing 

Path tracing 

Variance reduction 

Photon mapping 

Subsurface scattering 
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Ray Casting 

Visibility test 

ïWhat is the nearest intersection for a ray? 

 

 

 

Important component of ray tracing techniques 

ïGenerally most expensive part 
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Rasterization 

Rasterization (+ depth testing) is also a visibility test 
ïReverse question: at which pixels is this object visible? 
ÅCan also be answered using ray casting 

 

ï4ÈÅ ȰÒÁÙÓȱ ÉÎ ÒÁÓÔÅÒÉÚÁÔÉÏÎ ÁÒÅ coherent 
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Ray Tracing 

Uses ray casting for primary visibility 

 

Calculate direct lighting 
ïCast shadow rays for shadow 

 

Additional rays for reflection  

and refraction 

 

Path Tracing and Photon Mapping 11 



Advanced Graphics 2012-2013 

Ray Tracing 

How to add additional effects 
ïPenumbra 

ïAnti-aliasing 

ïMotion blur 

ïDepth of field 

ïGlossy specular reflections 

 

Requires integral 
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Distributed Ray Tracing 

Multiple samples per pixel 
ïDistribute  samples over the integration area 

ïAverage the results 

 

Integrate over all domains simultaneously 

 

Need a lot of samples 
~100 (depends on the situation) 
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Distributed Ray Tracing 

Global illumination 

ïIntegration over incoming light from all directions 

ÅIncludes direct and indirect light 

ÅIndirect light can be specular, glossy or diffuse 
reflections 
ïDepends on the material 
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Distributed Ray Tracing 
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Perfect 
Specular 

Glossy Diffuse 
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Distributed Ray Tracing 

Distributed Ray Tracing does 

ïDirect light 

ïSpecular indirect light 

ïGlossy indirect light 

 

Can we do diffuse indirect light? 

ïExtremely slow 
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Indirect Diffuse Lighting 

Problems 

ïIntegrate over a large area 

ïRecurses for every sample 

 

Extremely computationally demanding 

ïRay recursion normally ended at diffuse samples 
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Indirect Diffuse Lighting 

Two main strategies to overcome this obstacle 

 

Smart stochastic integration 

ïPath Tracing 

 

Caching 

ïPhoton Mapping 
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PATH TRACING 
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Ray tracing 

Path tracing 

Variance reduction 

Photon mapping 

Subsurface scattering 
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Rendering Equation 

Capture global illumination in an equation 
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ὒ ὼȟ‫ ὒ ὼȟ‫ Ὢὼȟȟ‫ὒ ‫

 

ὼȟ‫ Ä‫  

ὼ position 
outgoing light angle ‫ 
incoming light angle  ‫ 
 
ὒ outgoing light 
ὒ emitted light 
ὒ incoming light 

Ὢ light reflectance function 
ɱ hemisphere  
 (all incoming light directions) 
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Path Tracing 

Stochastic integration 
 
The incoming light directions are chosen randomly 
ïAveraging over infinitely many samples results in the 

correct result 
ÅI.e. the expected value is the correct result 
ÅCalled Monte Carlo integration 

 
 
 
How many samples should we take? 
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Path Tracing 

Recursion forms a tree 
ïWhen taking three samples: 
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Χetc 

Computation cost: 

Contribution to result: 

low high 

high low 
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Path Tracing 

Take one sample 
ïRecursion forms a path 

 
 

 
Horrible approximation of the integral 
ïBut the expected value is still correct 

 
Average many paths 
ïResults in the expected value! 
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Unbiased 

The expected value must be correct 

ïTo guarantee the correct integration of the 
rendering equation 

 

The samples must be chosen truly randomly 

ïAvoid introducing bias 
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Path Tracing 

Approximate the rendering equation integral by 
taking one random sample recursively 

 

 

Average many paths to obtain the correct value 
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Recursion 

The rendering equation is infinitely recursive 
ïHow do we terminate? 

 

Terminating after ὼ recursions introduces bias 
ïWhat if the light always needs ὼ+1 recursions to reach 

an emissive surface? 
 

Terminate after a random number of recursions 
ïEverything can be reached theoretically 
ï3ÔÉÌÌ ÂÉÁÓÅÄȣ 
ÅLight reached after several recursions has a disadvantage 
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Russian Roulette 

Longer paths are disadvantaged 
ïCorrect by adding more weight (proportionally) 

 

Continue to the next sample with probability ὴ 
ïTermination chance is ρ ὴ 
ïWhen termination fails, add weight of  ϳ 

 
 

 
This Monte Carlo termination strategy is called Russian Roulette 
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Overview 

ïCreate initial ray 

 

ïTraceRay() 
ÅFind ray intersection 

ÅIf Russian Roulette succeeds 
ïReturn emission ὒ 

ÅGenerate random reflected ray in direction ‫ 

ÅCalculate factor of reflected light Ὢ 
ï(Based on albedo and reflectance function) 

ÅReturn emission ὒ +  *  TraceRay() 
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(Transform this to a non-recursive function for the assignment.) 
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Details 

When creating a random ray, normalize over the 
sampling surface 
ïUniform distribution samples over the hemisphere 
ÅProbability ὴ  is multiplied with ϳ  

 

Conserve energy 
ïFor Lambertian shading: divide Ὢ by “ 

ïCancels out the “ above 
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VARIANCE REDUCTION 
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Ray tracing 

Path tracing 

Variance reduction 

Photon mapping 

Subsurface scattering 
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Variance 

Path tracing is a stochastic process 
ïExpected value (i.e. mean) is the correct result 

ïVariance is the spread of the samples 
ÅMore spread equals more noise 

 

Noise is reduced by averaging samples 

ïWith a factor ὔ 

ÅDoubling the samples only yields ς ρȢτ times less 
noise 

 

 Path Tracing and Photon Mapping 31 



Advanced Graphics 2012-2013 

Noise Demo 

Path Tracing and Photon Mapping 32 


