matfyz

Zaklady pocitacové grafiky
NPGROO3

© 1995-2024 Josef Pelikan
CGG MFF UK Praha

pepca@cgg.mff.cuni.cz
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Vector graphics

© 2014, Saylerman
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Vector graphics

Interactive editing

— splinesT, free-form drawing
Colors™

Vector image format”*
— SVG, PDF, EPS, DXF, Al

Transparency”

Vectorization tool

* .. inthis course
T ... in other courses
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Poster, billboard
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© 2012, Michael Barton
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Poster, billboard

LEWIS CARROLL'S

HLICE

NLWONDERLAND

© 1939, Charles Vershuuren © DaveForYou
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Digitized poster

Digital photography

Color balanceT

Raster image*
— PNG, TIFF, JPEG

J LB et KODAK Gray Scale:

Image rotationT

Poster print:

f

$8Y91Ed 041109 10/0D HVYAOM

Color conversion*
— RGB to CMYK

Digital halftoning*
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Digital painting, 2D effects

© Corel Painter, Hahin
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Digital painting tools

© Dan Ritchie (PD Particles)
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Digital painting

Interactive editing
— pens, brushes, special tools
- ,undo”

— touchpad, touchpen, digitizer
Colors*
Transparency*

Painterly effects*
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Digital photography

© 2016, DP Review
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Digital photography

Autofocus

— edge-detectiont

Colors*

— white balance

Raster image format*
- JPEG, RAW

Denoiset

HDR*

— super-bracketing
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© 2015, IT Roshni
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Digital effect

Interactive editing
— pens, brushes, tools

— ,undo”
Colors*

Raster image format*
— JPEG, PNG, TIFF

Special effect filters*T
— image enhancement, edge operators, histogram operation...

— color transforms (rebalance...)
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HDR photography

© 2015, Andrea Baldwin
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HDR photography

© 2013, Jimmy MclIntyre
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HDR photography

-~

© Conor MacNeill (TheFella)
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HDR photography

HDR acquisition*
— multiple exposure

— ,super-bracketing”
Colors*

HDR image format*
— HDR, EXR, PFM

Tone-mapping*

NPGR003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca 17792



Web design, data visualization

Data-Driven Documents
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Web design, data visualization

Days by GalnLoss
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Interactive data on web

Temperature (F)

Daily Temperatures in New York vs. San Francisco
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Modern web

HTML5T, CSS3t

— JavaScript
— templates, WordPress

Interactivity™

Data-Driven Documentst
— d3.js library

WebGL for 3Dt

— interactivity

Video, 360-degree video
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License-plate recognition

Pass #8631

© Smart Security
Camera, Inc.
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License-plate recognition

Real-time image acquisition
Plate segmentationT

Image warpingt

Glyph recognitiont

Speed measurement...?
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Sport liveon TV
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Sport liveon TV

Vector graphics*

— real-time!
Transparency*

Real-time video signal composition

— real-time video compressiont
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~Next-generation” sport TV

B

J
=
7
7
O
[ |

NPGR003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca



Augmented reality broadcasting

© The Weather Channel

©TV?2
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~Next-gen” sport TV

3D computer visiont
— camera calibration

— object recognition, segmentation

3D , extra” model*

— augmented reality

Real-time interaction?
— reporter in a studio...

Real-time video composition
— layers, transparency*

— video compressionT
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Virtual TV studio

i
\ BALANCE OF POWER

s ——————

— SENATE

m 43

SENATE INDSSe DOW  17383.84
ROBERTS* =~ [T ORMAN S&P  2012.10
40,842 49% "84 39,255 47+ NAS  4623.64

NPGR003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca 29/92



Virtual TV studio

| MORGEMN

ALESUND

©TV?2
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Green screen (,,virtual studio”)

© 2009, vr3 virtual production oHG
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Virtual TV studio

,areen-screen”

— keying in hardware

3D virtual model*

— can be dynamic (animations, additional video
channels...)

Real-time video composition

— layers, transparency*

Video compressiont

— all in real-time
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Medical data

(a) Maximum intensity projection (b) Density integration

© 2016, Jan Horacek, Jan Kolomaznik

(c) Isosurfaces (d) 1D transfer function
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Medical data

Volume data acquisitionT
— Computer Tomography

— Magnetic Resonance Imaging...

Data enhancementt
— de-noise, contrast (CUDAT, GPUT)

Segmentationt
— organs, vessels, bowels (CUDAT, GPUT)

Real-time volume renderingt
— ray-casting on GPU

Measurements...

NPGR003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca
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Scientific visualization
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Scientific visualization

Data acquisitionT

— numeric simulation

— measurements...
Visualization primitivesT
— streamlines, arrows...

Real-time renderingt
— vanilla 3D or full volume rendering (CUDAT, GPUT)

Interactiont

- ,Steering”

Measurements...
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3D printing
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3D printing

3D model editort
— CSG, triangle-mesh...

~Rendering”, rasterization

— similar to 2D rasterization*

Geometric optimization

— stiffness simulation?

Appearance modeling
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Realistic rendering — Corona

© Bertrand Benoit, Pavel Stavila
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Realistic rendering

3D scene model*
3D editingt
— 3DS Max, Blender, Rhinoceros
Materials*T
— surface appearance, texturest
Lightingt
— primary light sources + global illumination (GI) simulationT

HDR results*
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Computer animation

© 1995, Pixar Animation Studios
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Computer animation

1
ik
/

© 2007, DreamWorks Animation SKG
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Computer animation

© 2007, DreamWorks
Animation SKG
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Computer animation
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Computer animation

3D scene model*
3D/animation editing™

realistic rendering*t
— off-line (CUDAT, GPUT)

— materials, textures, appearance
models

— lighting with Gl

video-compressionT

— off-line
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CGlin film - Elysium

© 2013, TriStar Pictures
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CGl in film - Star Trek into Darkness

© 2013,IL&M, Paramount Pictures
1
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CGl in film - Star Trek Beyond

.,

© 2016, Double Negative,
Paramount Pictures
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CGlin film

3D scene model*
3D/animation editingT

Photo-realistic rendering*t
~ off-line (CUDAT, GPUY)

— materials, textures, appearance + global illumination

Video-compressionT

— off-line
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VFX - The Perfect Storm

© 2000, IL&M

NPGR003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca



The Perfect Storm

Numeric ocean-water model!

— including realistic rendering of water
3D/animation editingT

Video composition and compressionT

— off-line
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VFX - The Perfect Storm

“ © 2000, IL&M
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VFX - Marvel

© Marvel Studios, Paramount Pictures, IL&M...
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VFX - Marvel

© Marvel Studios, IL&M...
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VFX - Tron Legacy

© 2010, Disney Enterprises, Inc.
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VFX - Tron Legacy

© 2010, Disney Enterprises, Inc.

“TRON: Legacy™ ® Dieney Enterprises, Inc. All Rights Reserved.
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VFX - Tron Legacy (color scheme)

© 2010, Disney Enterprises, Inc.
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VFX - Tron Legacy

Motion capture!

— incl. green-screen keying
3D scene model*
3D/animation editingT

Photo-realistic rendering*t
— off-line (CUDAT, GPUT)

— materials, textures, appearance + global illumination

Video-compressiont

— off-line
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Self-driving car

© Tesla Motors ?
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Self-driving car
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Self-driving car

Real-time camera data

Camera calibrationt

— as accurate 3D context as possible

3D computer visiont
— robust!

— real-time! (no lags)

Prediction, planning

— artificial intelligence

Actual steering
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Videogame - DayZ (Arma |l mod)

© 2013-2016 Bohemia Interactive
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Videogame - Kingdom Come: Deliverance

© 2016-2017 Warhorse Studios
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Videogame - Overwatch

© 2016, Blizzard Entertainment
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Videogame - Beat Saber
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Videogame - Euro Truck Simulator 2

6 km/h A3 Sun 14:57
1" Sun 15:01, 2 km, 4min €503.6M
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TRUCK CONFIGURATOR i Tl iy — ;. r ' Your money: €503,873,185

ENGINE ?) TRUCK ANALYSIS

Search... AT 4
D13C500 Euro 5 EEV &~ Normal Cargo

) 500 hp (368kW) Heavy Cargo
e Y 2,500 Nm at

: L 1,050-1,400 rpm Maneuverability
€17,520 =S

D13C540 Euro 5 EEV i i ; : Hills Traversal

Y 540 hp (397kW) il Uneven Terrain

T 2,600 Nm at S—

. " ] 1,050-1,450 rpm Truck Configuration
€22,680

D16G540 Euro 5 EEV Fi

Torque 3,550 Nm

Engine Power 750 hp (551kW)
540 hp (397kW)

ol 2,650 Nm at Gears Count 12
W' 1,000-1,450 rpm
€23,160 2 First Gear Ratio 1.73

D16G600 Euro 5 EEV .G/ Last Gear Ratio 0.78

600 hp (441kW) A Differential Ratio 3.08
YA, 2,800 Nm at v Lty
me 1,000-1,500 rpm it = i Effective Wheelbase 4,945 mm
€23,340 :
Retarder
D16G700 Euro 5 EEV
Axle Count
700 hp (515kW)
A 3,150 Nm at s 2771 Powered Axles
m'e 1,000-1,550 rpm

PaN

D16G750 Euro 5 EEV

750 hp (551kW)
3,550 Nm at

m 1,050-1,40Q rpm 5
K €25,560

Original price: €294,035
Additional price: €9,860

New total: €303,895

See Changes Confirm a Rotate
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Videogames

3D editing, tools

Game logict

— interaction among virtual objects
User interactiont

Real-time renderingt*

— constant FPS, textures, LoD, GPU shadersT
— scene virtualization (potentially infinite scene)...

Agents, Al playerst
Multiplayer

— LAN layer, lag compensation...
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Virtual reality - ,Cave”

© 2011, Land Rover
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Augmented reality - ,Smart glasses”

© Google, Stormy's Media Mountain
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DISTANCE
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© 2016, Epson (Moverio BT 300)
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Augmented reality — military
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© 2016, ARA
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Augmented reality — phone

© 2012, JP
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Augmented reality - tablet

© RE'FLEKT GmbH

l
\
\
\

s i

NPGRO003 2024
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Augmented reality — HoloLens

i

i

T
"I.!u‘ . ‘ ‘

© 2016 Microsoft
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Augmented reality — HoloLens

*Vriges| Heg RUSSELL WILS

© 2016 Microsoft
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Augmented reality

Virtual 3D scene*

3D positionT
— computer vision (,inside-out tracking”...)

— accelerometers, gyroscopes, magnetometers

Real-time rendering*t
— GPU, shaderst

— no lags can be tolerated!

Interactivity™

— computer visiont (hand gestures), discrete controllers...
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Prednaska

Zaklady pocitacoveé grafiky
NPGR 003

Zimni semestr 2/2 Z, Zk
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Obsah a forma

Zaklady 2D i 3D grafiky
— navazuji na ni
» Fotorealisticka grafika (NPGR004) v LS
» Realtime grafika na GPU (NPGRO19) v LS

2/2Z, Zk
— prednaskai cvi¢eni jednou tydné
— cvic¢eni — ukazky a ulohy v C#
— komplexni hodnoceni pisemné zkousky dohromady s vysledky
zapoctovych uloh
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Struény plan prednasky 2D

Rastrova a vektorova grafika (2)

— rastrovy obraz, pruhlednost, HDR grafika, operace s rastrovymi
obrazky, vektorovy format SVG

Barvy, jejich vnimani a zobrazovani (2)
— barevné vidéni, barevné prostory (RGB, CMYK, HSV), zobrazovani
barev, pulténovani a rozptylovani
Kédovani rastrovych obrazku (1)
— kédovani, grafické formaty (JPEG+JFIF, GIF, PNG...)

Rastrové kresleni (1)

— kresleni usecek, kfivek, vyplhovani, ofezavani...
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Struény plan prednasky 3D

Matematika pro 3D grafiku (1)

— linearni transformace, homogenni souradnice, projekce

Reprezentace 3D scén (1)

— vyctové, objemové a povrchové reprezentace, hierarchie
Uvod do OpenGL (1+lab)

Zaklady animace (1)

— rotace, trajektorie, interpolacni krivky

Zobrazovani 3D scén, stinovani, viditelnost (2)

— priklady algoritmu na viditelnost, zaklady stinovani a renderingu,
vrhani a sledovani paprsku (ray-tracing)

NPGRO003 2024 © Josef Pelikan, https://cgg.mff.cuni.cz/~pepca 86/92



Literatura (CZ)

moderni

pocitacova

grafika

Jifi Zara, Bedtich Benes, Jifi Sochor, Petr Felkel:
Moderni pocitacovad grafika, 2. vydani,
Computer Press, 2005, ISBN: 80-251-0454-0
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Literatura (US) aundameltas

S. Marschner, P. Shirley: Fundamentals of
Computer Graphics, 4" edition, A K Peters /
CRC Press, 2015

J. Foley, A. van Dam, S. Feiner, J. Hughes:
Computer Graphics, Principles and Practice,
2" edition in C, Addison-Wesley, 1995
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Predpoklady

Zakladni kurs programovani

— algoritmy, datové struktury

Zaklady programovani v jazyku C#
— nejsou potreba detaily jazyka ani knihovny
— na cvic¢enich budete mit pripraveny navody pro vasi praci

- budete moci pouzivat Al asistenty

Zakladni kurs matematické analyzy a linearni algebry
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Uzitecné adresy

Aktualni informace na WWW

— https://cgg.mff.cuni.cz/prednasky.cz.php
— https://cgg.mff.cuni.cz/~pepca/

— https://cgg.mff.cuni.cz/~pepca/lectures/npgr003.current.cz.php

Podpora pro cviceni
— https://github.com/pepcape/NPGR003-24/

Facebook CGG
— https://www.facebook.com/CGGMFF
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02,

Dalsi vhodné grafické predméty (ZS)

Seminar z pocitac¢ové grafiky a vidéni: 0/2, NPGR005

Introduction to Colour Science: 2/0, NPGR025 (Alexander
Wilkie)

Geometrické modelovani: 2/2, NPGR021 (Zbynék Sir)

Digitalni zpracovani obrazu: 3/0, NPGR002 (Jan Flusser, UTIA
AV CR)

3D pocitacové vidéni: 2/2, NPGR0O0O1 (Vaclav Hlavac, CIIRC)

Strojové uceni v pocitacovém videéni: 2/2, NPGR035 (Elena
Sikudova)
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Doporuceni pro nadsence

TN
\(V/‘
Konference HiVisComp HiVisComp

— kazdorocné v zimé (s lyzovanim), setkavaji se tam pocitacovi
grafici a fanousci pfibuznych obort z CR, Slovenska, Némecka,
Rakouska...

— https://www.hiviscomp.cz/

Studentska konference CESCG C ES
— prezentuji se studentské prispévky a projekty
— Slovensko, Rakousko, CR, Némecko, Francie...

— https://www.cescg.org/
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