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Realistic 3D graphics
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Å3D scene modeling
Å3DS Max, Blender, Rhino / CaptureReality

ÅObject appearance
ÅLight reflectance models, textures, wear&tear

ÅAnimation
Å-ÁÎÕÁÌ ɉÃÈÁÒÁÃÔÅÒ ÒÉÇÇÉÎÇȟ ÁÎÉÍÁÔÉÏÎ ÃÕÒÖÅÓȟ ȣȢɊ
Å0ÈÙÓÉÃÓ ÂÁÓÅÄ ɉÒÉÇÉÄ ÂÏÄÙȟ ×ÁÔÅÒ ÓÉÍÕÌÁÔÉÏÎȟ ÅØÐÌÏÓÉÏÎÓȟ ȣɊ
ÅCaptured (mocap)

ÅLighting & rendering
Åprimary light sources + global illumination 

(GI) -> light transport simulation

ÅVideo compositing and compression
ÅImage display(HDR imaging)



Rendering = (forward) light simulation
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3D scene Image





Light simulation
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Global illumination ɀGI
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Direct illumination
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ÅDirect illumination
ÅLight reflects only once on its way from 

the source to the camera

Images © PDI/Dreamworks

Â Global illumination
Ç Global = Direct + Indirect
Ç Light transport between surfaces in 

the scene

Global illumination ɀGI
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Global illumination ɀColor bleeding

Image courtesy Michael Bunnell
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Global illumination ɀCaustics

Photograph Simulation using photon maps

Â CƻŎǳǎƛƴƎ ƻŦ ƭƛƎƘǘ ŀǎ ƛǘΩǎ ǊŜŦƭŜŎǘŜŘ ƻǊ ǊŜŦǊŀŎǘŜŘΣ ƭŜŀŘƛƴƎ ǘƻ ƭƻŎŀƭ 
increase of intensity
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Caustics

ÅIn physics or in computer vision, a caustic refers to a 

singularity of light intensity (infinite density of light 

energy)
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Global illumination ɀCaustics

ÅReflections + refractions on 
water surface
ÅCaustics at the bottom
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Caustics under water surface

High αconcentrationάof 
photons ςhigh light intensity Low intensity



7Å ÃÏÌÌÁÂÏÒÁÔÅ ×ÉÔÈȣ
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/ÔÈÅÒ ÉÎÔÅÒÅÓÔÉÎÇ ɉÌÏÃÁÌɊ ÃÏÍÐÁÎÉÅÓȣ
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Realistic image synthesis: Ingredients

Å$ÅÓÃÒÉÂÅ ÔÈÅ ȰÁÍÏÕÎÔ ÏÆ ÌÉÇÈÔȱ ÉÎ ÓÐÁÃÅɀradiometry

ÅDescribe light interaction with surfacesɀBRDF

ÅDescribe equilibrium light distribution ɀrendering

equation (RE)

ÅImage rendering= numerical solution of the RE
ÅFind the equilibriumlight distribution in a 3D scene

ÅMethods
Å Finite elements (radiosity)ɀobsolete

Å Monte Carlo (stochastic ray tracing)ɀprevalent



Example of our rendering research: 

Smart(er) subsurface scattering

KĠÉÖÜÎÅËand Äȭ%ÏÎ. A Zero-Variance-Based Sampling Scheme for Monte 
Carlo Subsurface Scattering, ACM SIGGRAPH Talks 2014.

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KřIVĆNEK





Intro to computer graphics (NPGR003) -JAROSLAV KƎIVćNEK 34



Intro to computer graphics (NPGR003) -JAROSLAV KƎIVćNEK 35



Light simulation under the surface
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ÅClassical random walk
ÅOblivious to the boundary

ÅGoal
ÅGuide paths toward the

boundary
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ÅReactor shield design
ÅOne in a billionparticles makes it through

slab
(reactor shield)

Previous work in neutron transport
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incident
radiation

transmitted
radiation
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ÅPath stretching ɍ#ÌÁÒË ȭάάȟ 0ÏÎÔÉ ȬέΧȟ SpanierȬέΧɎ

Previous work in neutron transport
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incident
radiation

transmitted
radiation
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Zero-variance random walk theory

ÅZero variance random walk theory
ɍ+ÁÈÎ ȬΫΪȟ KalosÁÎÄ 7ÈÉÔÌÏÃË ȭΦήȟ HoogenboomȭΦήȟ "ÏÏÔÈ ȬΧΧɎ 

Å[DwivediȬήΧɎ
ÅSynergistic path stretching and angular sampling

ÅSolid theory, no heuristics

40INTRO TO COMPUTER GRAPHICS (NPGR003) -W!wh{[!± YyL±#b9Y



Analytical radiance solution

Å#ÁÓÅȭÓ ÓÉÎÇÕÌÁÒ ÅÉÇÅÎÆÕÎÃÔÉÏÎÓ 
[Case 1960, McCormick and Kuscer1973]
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Use in rendering

equal-time comparison, 100 samples per pixel

our resultclassical sampling

our resultclassical sampling
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3D PRINTING & APPEARANCE FABRICATION
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3D printing
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prosthetics auto & aero

prototyping utility items

learning fashion & art



3D printing ɀFDM
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