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16 Relaxing

01 EKTORP three-saat sofs

*749

with a view
Put a rocking chair in front of your favourite window
and experience how relaxing itis to get away from it
all by just coming homa, Life is in full swing outside,
but you feel totally calm.

® Seatcushicns flled wih high resiience foam
de comfortable support far your body when
e wbhen you rise, Cower: S53% linen, 475,

VISR TEy DX UBY, Neacm, Usane naturs!

02 New FABRIKOR glass-door cabinet $399 The shelves in the cabinet are
adjustable - makes it easy to adjust the height to suit what you want to stere.
May be completed with DIODER > lighting strip. Powder coated steel and

Desigrmr: Nios Karlgson, W57xD47, H150cm. Light gresn

tempered glas
T02.42294
03 VARMDO rocking-chair $169 Wooden furniture that is suitable for both
indoorand cutdoor use. Sald pne, Designar: Niee Karisson, WHSxD 74,
HLO6cm. 2ack (102.052.59
04 BJORNLOKA rug, flatwowen $199 The durabie, soil-resstant
makes TS rug perfect in your [iving recm ar under your dining

pal surface

ble, The rug is

machine-woven, User surface: 1005 pure new wool W70« 2
Beige/black 402.260.05

05 HEMNES coffee table $229 Staned, clear acguered sold pne. Designer
Carina Bengs. L90xWol, H46om. Grey-brown 402.579.5L

Uom

03 VARMDO
rocking-chair 3399

04 BIORNLOKA rug,
fAatwoven

A
Show products (3)
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© 2015, Pixar Animation Studios, Walt Disney Pictures






Realistic 3D graphics i oy S

* 3D scene modeling
* 3DS Max, Blender, Rhino [ CaptureReality

* Object appearance
 Lightreflectance 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
(Gl) -> light transport simulation
* Video compositing and compression

* Image display (HDR imaging)

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK 15



O'. ) Computer

:'é ‘e~ . Graphics

o I . Charles

‘. ’ --.p University
.o .o°'

Rendering = (forward) light simulation

3D scene
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mental ray:
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Light simulation
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Global illumination - Gl

Direct illumination & =
direct +

S — indirect

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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Global illumination - Gl

* Direct illumination
* Light reflects only once on its way from
the source to the camera

m Global illumination
0 Global = Direct + Indirect

o Light transport between surfaces in
the scene

Images © PDI/Dreamworks INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK 21



Global illumination — Color bleeding

Image courtesy Michael Bunnell
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Global illumination — Caustics

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

Photograph Simulation using photon maps

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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Caustics

* In physics orin computer vision, a caustic refers to a
singularity of light intensity (infinite density of light
energy)

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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Global illumination — Caustics

* Reflections + refractions on
water surface
e Caustics at the bottom
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Caustics under water surface

High ,concentration” of \
photons — high light intensity Low intensity




We collaborate with...

®rixars
RenderMan

@ALT’;@'SN

ANIMATION STUDIOS
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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

e Methods

* Finite elements (radiosity) — obsolete
* Monte Carlo (stochastic ray tracing) — prevalent




Example of our rendering research:

Smart(er) subsurface scattering

Krivanek 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

* Classical random walk
* Oblivious to the boundary

 Goal

* Guide paths toward the
boundary

36
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Previous work in neutron transport

* Reactor shield design
* Onein a billion particles makes it through

transmitted
radiation

slab
(reactor shield)

incident
radiation

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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Previous work in neutron transport

* Path stretching [Clark ‘66, Ponti ‘71, Spanier ‘71]

transmitted
radiation

Sho'-t st

\ip

incident
radiation
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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

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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Analytical radiance solution

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

Singular eigenfunctions  x, s 2.

/

A 1 l/
' —x/v —x/
(o) = [ v e dv + gy (v, pr)e
7/ -—1
o transient terms asymptotic terms




Use in rendering

equal-time comparison, 100 samples per pixel

our result

classical sampling e our result
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ANIMATION STUDIOS
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3D PRINTING & APPEARANCE FABRICATION
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3D printing

learning fashion & art
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3D printing — FDM
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© 2016, Prusa Research
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3D printing

* 3D model
* CSQ, triangle-mesh, ...
e STL format
* Rasterization into a volume
e “Slicer” software
e similar to 2D rasterization
* Design of support materials
* Geometric optimization
* Structural integrity, balance
» Stiffness simulation

* Appearance optimization

* Color, transparency, roughness, ...

47



Stratasys | szso

Stratasys J750 full color
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Does the 3D printed sushi look like real sushi?

FROM NUCLEAR REACTORS TO PRETTY PICTURES AND ATTRACTIVE 3D PRINTS / JAROSLAV KRIVANEK
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Example of our 3D printing research:

SCATTERING-AWARE TEXTRURE REPRODUCTION IN
3D PRINTING




Textured 3D prints
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Translucency blurs textures

Ta rge

s N e N
&tﬁf{;\w DY,
R |

W

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK 56



Lt Computer
.. Graphics
e Charles
@ University

Precorrection for optical aberrations

original simulated observation

simulated observation
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3D print is not just a flat image
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Iterative precorrection process

Targe
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Appearance fabrication
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Appearance fabrication

Our
iterative
precorrection

> Visual match -
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More results

Default print
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More results

Target Default print Our result
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What's next?
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Student brnenskeho VUT navrhl a
vyrobil protetické oko na 3D tiskarneé

o 8 018

Jiz dlouha |éta pracuji protetici na tom, aby umélé oci, které slouZzi jako nahrady pfi zrakovych postiZzenich,
vypadaly co nejrealisti¢téji. Strojné vyrabéné o¢ni nahrady jsou stale velkou vyzvou. Zrakové postiZzeny
student VUT v Brné, Ondrej Vocilka, letos prisel s revoluénim napadem vyrobit o¢ni protézu pomoci 3D
tisku. A u MCAE Systems naSel tu nejvhodnéj3i 3D tiskarnu - Stratasys J750 s technologii PolyJet.

[I5KU Na Dazl modaelu

2017. Timto posty

dale zalito cirym akrylatem, a

yroba jadra ocni nahrady byla realizovana na 3D tiskarné Stratasys J750 s technologii aditivn

;]

ato tiskérna je diky svym m

https://www.mcae.cz/cs/student-brnenskeho-vut-navrhl-vyrobil-proteticke-oko-3d-tiskarne/

INTRO TO COMPUTER GRAPHICS (NPGR003) - JAROSLAV KRIVANEK
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What's next?
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Khronos Prague Meetup

Tuesday, October 9, 2018

ocr Let's talk about 3D graphics development
vol.4

Hosted by Ondfej Smrz
’ From Khronos Prague Meetup

Public group

uh<an.
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* CGB = Computer graphics beer

* Roughly once a monthina pubin Prague

* CGBBQ = Computer graphics barbeque

* Once ayearin May
* CG seminar
* HiVisComp
* Every winter (includes sking), gathering of computer graphics
enthusiasts from Czech Republic, Slovakia and elsewhere
* http://www.hiviscomp.cz/

* CESCG

e Student research
* Slovakia, Austria, Czech rep., Hungary, DE, FR, apod.

* http://www.hiviscomp.cz/

INTRO TO COMPUTER GRAPHICS (NPGR003 ) - JAROSLAV KRIVANEK
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Different approaches to rendering

* Phenomenological
* Traditional, "old” computer graphics
* E.g. Phong shading model, colors between o and 1, etc.

* Physically-based
* Based on a proper mathematical formulation
* Rendering algorithms = numerical methods for solving the
rendering equation
» Radiance values between o 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)

Light wave

distance >

. = wave length

E = amplitude of
electric field

M = amplitude of
magnetic field

Image: Wikipedia




Light

* Frequency of oscillations => wavelength => perceived
color

< Increasing Frequency (v)

|(|)2“ ul)22 1(')2" 10'% 10'¢ 10" 102 10" 10 10° 10° 10° 10" v (Hz)
Y rays X rays uv IR Microwave |FM AM Long radio waves
Radlio waves

1 | 1 |
(O R 1) L [} U () 10°%

-

'R | 1 | | 1
7070 1074 10 10° 10° 10% 10° 108 7 (m)

8 ) (il ) ]
400 500 600 700

Increasing Wavelength () in nm —=

Image: Wikipedia




Various kinds of optics

* Geometry (ray) optics
* Most useful for rendering
* Describes bulk, macroscopic effects of light
* Itis 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

RAAAAY

ANVANYANYAN ANVANYANYAN
vV UV V _ V UV VvV VvV VvV VvV Vv
ANVANYANYAN JANVANYANYANYA
vV UV VvV UV UV vV VvV VvV
Constructive Destructive

e Causes iridescence (structural coloration)

Img: Wikipedia



ridescence

* Thin-film interference
* Color changes with the observation angle

//en.wikipedia.org/wiki/lridescence

http

Img




Iridescence — Structural coloration

* Biological tissues can have layers causing

interferences
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Iridescence — Structural coloration
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— Structural coloration

Iridescence
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Polarization

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

direction of travel

* Unpolarized light — many waves W|th‘d|fferent polarization

* More in the "Predictive
rendering” class

|

2

Elliptical




Polarization
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* Specular reflections are pola
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