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Advanced 3D graphics for movies and 
games – Intro

Jiří Vorba, slides by Jaroslav Křivánek
Charles University in Prague  &  Render Legion, a.s.



RENDERING
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By Weta Digital
© 20th Century Fox



9From nuclear reactors to pretty pictures and attractive 3D prints  /  JAROSLAV KŘIVÁNEK

By Weta Digital
© 20th Century Fox



10Intro to computer graphics (NPGR003) - JAROSLAV KŘIVÁNEK © 2000, IL&M







13© 2015, Pixar Animation Studios, Walt Disney PicturesINTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK



14© 2007, DreamWorks Animation SKGINTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK



Games

15INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK



Realistic 3D graphics

16INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK

• 3D scene modeling
• 3DS Max, Blender, Rhino / CaptureReality

• Object appearance
• Light reflectance models, textures, wear&tear

• Animation
• Manual (character rigging, animation curves, ….)
• Physics based (rigid body, water simulation, explosions, …)
• Captured (mocap)

• Lighting & rendering
• primary light sources + global illumination 

(GI) -> light transport simulation

• Video compositing and compression
• Image display (HDR imaging)



Rendering = (forward) light simulation

17FROM NUCLEAR REACTORS TO PRETTY PICTURES AND ATTRACTIVE 3D PRINTS  /  JAROSLAV KŘIVÁNEK

3D scene Image





Light simulation
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Global illumination – GI
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Direct illumination

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK 21



• Direct illumination
• Light reflects only once on its way from 

the source to the camera

Images © PDI/Dreamworks

◼ Global illumination
❑ Global = Direct + Indirect
❑ Light transport between surfaces in 

the scene

Global illumination – GI
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Global illumination – Color bleeding

Image courtesy Michael Bunnell
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Global illumination – Caustics

Photograph Simulation using photon maps

◼ Focusing of light as it’s reflected or refracted, leading to local 
increase of intensity
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Caustics

• In 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 – Caustics

• Reflections + refractions on 
water surface

• Caustics at the bottom
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Caustics under water surface

High „concentration“ of 
photons – high light intensity Low intensity



We collaborate with…
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Weta Digital
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Other interesting (local) companies…
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Realistic image synthesis: Ingredients

• Describe the “amount of light” in space – radiometry

• Describe light interaction with surfaces – BRDF

• Describe equilibrium light distribution – rendering

equation (RE)

• Image rendering = numerical solution of the RE
• Find the equilibrium light distribution in a 3D scene

• Methods
• Finite elements (radiosity) – obsolete

• Monte Carlo (stochastic ray tracing) – prevalent



Example of our rendering research: 

Smart(er) subsurface scattering

Křivánek and d’Eon. A Zero-Variance-Based Sampling Scheme for Monte 
Carlo Subsurface Scattering, ACM SIGGRAPH Talks 2014.
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Light simulation under the surface
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• Classical random walk
• Oblivious to the boundary

• Goal
• Guide paths toward the

boundary
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• Reactor shield design
• One in a billion particles makes it through

slab
(reactor shield)

Previous work in neutron transport
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• Path stretching [Clark ’66, Ponti ‘71, Spanier ‘71]

Previous work in neutron transport
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Zero-variance random walk theory

• Zero variance random walk theory
[Kahn ‘54, Kalos and Whitlock ’08, Hoogenboom ’08, Booth ‘11] 

• [Dwivedi ‘81]
• Synergistic path stretching and angular sampling

• Solid theory, no heuristics
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Analytical radiance solution

• Case’s singular eigenfunctions 
[Case 1960, McCormick and Kuscer 1973]
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Singular eigenfunctions
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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

FROM NUCLEAR REACTORS TO PRETTY PICTURES AND ATTRACTIVE 3D PRINTS  /  JAROSLAV KŘIVÁNEK



3D printing

48FROM NUCLEAR REACTORS TO PRETTY PICTURES AND ATTRACTIVE 3D PRINTS  /  JAROSLAV KŘIVÁNEK

prosthetics auto & aero

prototyping utility items

learning fashion & art



3D printing – FDM
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© 2016, Prusa Research



3D printing
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• 3D model
• CSG, triangle-mesh, …

• STL format

• Rasterization into a volume
• “Slicer” software

• similar to 2D rasterization

• Design of support materials

• Geometric optimization
• Structural integrity, balance

• Stiffness simulation

• Appearance optimization
• Color, transparency, roughness, …



Multi-colored 3D prints
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Does the 3D printed sushi look like real sushi?
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New problem: “Realistic appearance fabrication”
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Appearance fabrication
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Some sort of
processing

?

Visual match

Target



Example of our 3D printing research:

SCATTERING-AWARE TEXTRURE REPRODUCTION IN 
3D PRINTING
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Textured 3D prints
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Translucency blurs textures

59INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK

Target Default print



Precorrection for optical aberrations
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3D print is not just a flat image 
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Iterative precorrection process
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Target



Appearance fabrication
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Some sort of
processing

?

Visual match

Target



Appearance fabrication

64INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK

Our
iterative

precorrection

Visual match

Target



More results
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Target Default print Our result



More results
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Target Default print Our result



What’s next?
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https://www.mcae.cz/cs/student-brnenskeho-vut-navrhl-vyrobil-proteticke-oko-3d-tiskarne/



What’s next?

68INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KŘIVÁNEK





CGG BBQ









Khronos Prague Meetup
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Events
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• CGB = Computer graphics beer
• Roughly once a month in a pub in Prague

• CGBBQ = Computer graphics barbeque
• Once a year in May

• CG seminar
• HiVisComp

• Every winter (includes sking), gathering of computer graphics 
enthusiasts from Czech Republic, Slovakia and elsewhere

• http://www.hiviscomp.cz/

• CESCG
• Student research
• Slovakia, Austria, Czech rep., Hungary, DE, FR, apod.

• http://www.hiviscomp.cz/

http://www.hiviscomp.cz/
http://www.hiviscomp.cz/
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Light



Different approaches to rendering

• Phenomenological
• Traditional, “old” computer graphics

• E.g. Phong shading model, colors between 0 and 1, etc.

• Physically-based
• Based on a proper mathematical formulation

• Rendering algorithms = numerical methods for solving the 

rendering equation

• Radiance values between 0 and infinity



Mathematical model

• Image synthesis (rendering) = light transport simulation

• We need a mathematical model for light

• Formulation of the model = choice of level of detail

• No need to model the behavior of every single photon

• Need simplifying assumptions



Light

• EM radiation (an EM wave propagating through 

space)

Image:  Wikipedia



Light

• Frequency of oscillations => wavelength => perceived 

color

Image:  Wikipedia



Various kinds of optics

• Geometry (ray) optics
• Most useful for rendering

• Describes bulk, macroscopic effects of light

• It is not a complete theory (Does not describe all observed 

phenomena, such as diffraction, interference etc.)

• Wave optics (light = E-M wave)
• Important when describing interaction of light with objects of 

size on par with the light wavelength

• Interference (soap bubbles), diffraction, dispersion

• Quantum optics (light = photons)
• Necessary to describe interaction of light with atoms



Effects of the wave nature of light

• Interference

• Causes iridescence (structural coloration)

Img:  Wikipedia

Constructive Destructive



Iridescence

• Thin-film interference

• Color changes with the observation angle
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Iridescence – Structural coloration

Im
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• Biological tissues can have layers causing 

interferences



Iridescence – Structural coloration
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Iridescence – Structural coloration

Im
g:

  h
tt

p
:/

/e
n

.w
ik

ip
e

d
ia

.o
rg

/w
ik

i/
Ir

id
e

sc
en

ce



Polarization

• Preferential orientation of the E-M waves with respect to the 

direction of travel

• Unpolarized light – many waves with different polarization

• More in the “Predictive 

rendering” class 



Polarization

• Skylight is partially polarized

• Specular reflections are polarized
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Thank you!

cgg.mff.cuni.cz/~jaroslav


