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MATEMATIKA V ANIMOVANEM FILMU
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MATEMATIKA V ANIMOVANEM FILMU

,Je dulezité si uvédomit, ze umeélci a designéri vidi tvary a obrazy,
kdezto pocitace pracuji s Cisly a rovnicemi. K propojeni téechto dvou
svetU se vyuziva exaktni véda, kterou nazyvame matematika.”

Tony DeRose
%fsNEP -PIXAR
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FUNKCE A JEJICH GRAFY

| Linedrni funkce / Smérnicovy tvar rovnice primky

y =kx +q
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FUNKCE A JEJICH GRAFY

| Absolutni hodnota

y = |x|
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FUNKCE A JEJICH GRAFY

| Druha a treti mocnina
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FUNKCE A JEJICH GRAFY

| Pfevracena hodnota
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FUNKCE A JEJICH GRAFY

| Logaritmicka a exponencialni funkce

y = log,x
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FUNKCE A JEJICH GRAFY

| Goniometrické funkce

y =sinx
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FUNKCE A JEJICH GRAFY

| Stredova rovnice kruznice

(x —x0)* + (y —yo)* =17
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ANIMACE - MATH DANCE

https://www.youtube.com/watch?v=0eCc6A2WYfQ
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https://www.youtube.com/watch?v=oeCc6A2WYfQ

MATEMATIKA A SHADERY

| Matematicky obraz
| Zddna mesh, zadné modely, 74dny renderer, zadné globalni osvétleni.
| Matematické vyrazy definuji tvary, umisténi, barvu a svétlo, stiny, pohyb.
| ,,Batmanuv vzorec” pro dospélé (Inigo Quilez).
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https://s1135.photobucket.com/user/cabby24/media/Blender Pics 2012/shoe.png.html?src=pb

MATEMATICKY OBRAZ

" Inigo Quilez



https://www.shadertoy.com/view/4tByz3

MATEMATIKA A SHADERY
| Shader

| = pocitaCovy program, ktery je soucasti vykreslovaciho fetézce (renderingu)
| Druhy: vertex, pixel, geometry shader, ...

| Tvorba za pomoci: programovacich jazyku (GLSL pro OpenGL), grafického rozhrani (node editor v
Blenderu)

+ Buffer A =]

4 Shader Inputs

// Created by inigo quilez - iq/2017 "
// License Creative Commons Attribution-NenCommercial-ShareAlike 3.8

void mainImage( out vecd fragColor, in vec2 fragCoord
vec2 q = fragCoord / iResolution.xy
// dof
const float focus = 2.35
vecd acc = vecd (0.8
const int N = 12
for( int j=-N; j<=N; j++
for( int i=-N; i<=N: i++
vec2 off = vec2(float(i),float(]
vecd tmp = texture( iChannel®, q + off/vec2(800.0,4508.0
float depth = tmp.w
vec3 color = tmp.xyz
float coc = 8.85 + 12.8*abs(depth-focus)/depth

if( dot(off,off) ¢ (coc*coc

float w = 1.8/(coc*coc
acc += vecd(color*w,w

vec3 col = acc.xyz [ acc.u

// gamma . Q .|

col = pow( col, vec3(8.4545 |n |g0 Ul eZ

/[ color correct - it seems my laptop has a fucked up contrast/gamma seeting, so I need

I to do this for the picture to lock okey in all computers but mine... v
D compiled in 0.1 / 2.8 secs 567 / 14168 chars [s[¥] ?
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https://www.shadertoy.com/view/4tByz3

CO JE BLENDER 2.8? ¢)blender’
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CO JE MATERIAL? Ae)blender

| material - kolekce shaderu, které popisuji povrch objektu
| shader - definice za pomoci node editoru v Blenderu (SVM, GLSL)
| textura - obrazek ze souboru (image), pridava detail do shaderu a nema zadné fyzikalni vlastnosti,

| proceduralni textura — definice za pomoci matematicky vzorcl/funkci

v Principled BSDF

material
(shader, node)

editor

Sheen Tint:
Clearcoat:

Clearcoat Roughness:

® © & 0 0 o 0 & o o o o 0 o

{ =
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PIVRI'KLD CEDURALN/[CH TEXTUR ®)blender’

——— Y Hans Chiu
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https://chiuhans111.github.io/Nodevember2019/

PROCEDURALNI TEXTURA - KRUZNICE
(x—x)*+ (Y —y)*+ (z—25)% =71*

VSE TECHNICKA
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https://b3d.interplanety.org/en/creating-procedural-textures-in-blender/

PROCEDURALNI TEXTURA - KRUZNICE

X — Xg
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PROCEDURALNI TEXTURA - KRUZNICE

(x — xo)z
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PROCEDURALNI TEXTURA - KRUZNICE

v Texture Coordinate
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PROCEDURALNI TEXTURA - KRUZNICE
(x—x)*+ (Y —y)*+ (z—25)% =71*
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PROCEDURALNI TEXTURA - KRUZNICE
(x—x)*+ (Y —y)*+ (z—2p)%|=1*
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PROCEDURALNI TEXTURA - KRUZNICE
(x—x)*+ (Y —y)*+ (z—25)% =71*

https://b3d.interplanety.org/en/creating-procedural-textures-in-blender/
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MANDELBROTOVA MNOZINA
= 2D fraktal, Benoit B. Mandelbrot (1979)

M = {c|P*(0) # coVn — ; ¢,z € C},
kde P.(z) = z* + ¢

Priklad:
c=1 c=1
P2(0) =0 PP(0) =
PL0¥=02+1=1 P1(0) =i
P2(1)=12+1=2 PA(i) = —1+i
P3(2)=2%2+4+1=5 PP(-1+4+1i)=—i

P(5)=5%2+1=26 PYM=i)=—-1+i
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PROCEDURALNI TEXTURA - MANDELBULB

| = 3D fraktal, Daniel White a Paul Nylander (2009)

| White a Nylanderlv vzorec pro n-tou mocninu vektoru v = (33, Y, z) Vv R3

v := r"(sin(nf) cos(n¢), sin(nfd) sin(ng), cos(nf))

kde 7 = \/:cz +y2 + 22,
¢ = arctan(y/x) = arg(z + yi)
0= arctan(\/a:2 + y*/2) = arccos(z/r)

| Mandelbulbova mnozina
M={c]v—vVv"+c ;c€R3}
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https://www.blendernation.com/2018/07/24/how-to-make-mandelbulb-fractals-in-blender-eevee/

PROCEDURALNI TEXTURA - MANDELBULB
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PROCEDURALNI TEXTURA - MANDELBULB

v" := r"(sin(nfh) cos(n¢), sin(nf) sin(nep), cos(nh))
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PROCEDURALNI TEXTURA - MANDELBULB

Jonas Dichelle

https://www.youtube.com/watch?v=YtDG1 76 2k
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https://www.youtube.com/watch?v=YtDG1_76_2k

RENDEROVANI Ae)blender

AGENT 3‘.."

OPERATION BARBERSHOP

cosmoslaundromat.ong

https://www.youtube.com/watch?v=mN0zPOpADL4

https://www.youtube.com/watch?v=RJnKaAtBPhA https://www.youtube.com/watch?v=WhWc3b3KhnY
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https://www.youtube.com/watch?v=mN0zPOpADL4
https://www.youtube.com/watch?v=WhWc3b3KhnY
https://www.youtube.com/watch?v=RJnKaAtBPhA
https://www.youtube.com/watch?v=Y-rmzh0PI3c

RENDEROVANI STATE-OF-THE-ART el

Point based global illumination (Christensen 2008)

| Path-tracing renderery
" In-house Hyperion (Disney)
" In-house MoonRay V3

(DreamWorks)
Up Kung Fu Panda 2
] | n_ho use M anu ka (2009, Pixar/Disney) (2011, DreamWorks)
(Weta Digital) Path-tracing (Kajiya 1986)

= Solid Angle Arnold renderer
(Sony Pictures Imageworks,
ILM, ...)

= Blender Cycles W

Big Hero 6
(2014, Disney) (2016, DreamWorks) — v&e TECHNICKA | TTATNNOVATIONS
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SVETLO V ANIMOVANYCH FILMECH  Blue Sky

SSSSSSS

Spidni v pfevleku (2019)

Dan O'Brien
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FOTO NEBO POCITACOVA GRAFIKA?
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FOTO NEBO POCITACOVA GRAFIKA?
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PATH-TRACING Ao

‘ Pixel Samples Result
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Toward Real-Time Ray Tracing: A Survey on Hardware Acceleration and Microarchitecture Techniques, Yangdong Deng et al., ACM 2017
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PATH-TRACING (KAJIYA 1986)

Zobrazovaci rovnice a jeji reSeni za pomoci Monte Carlo metody

LO(:UJWO) — Le(xawO) + Li(aj?wi)fr(xawiawo)(wi ) n)dw’b
(2

| w, is direction of outgoing ray
| w;is direction of incoming ray

| L, is spectral radiance emitted by the source
from point x in direction w,

| L, is emitted spectral radiance from point x
in direction w,

| Qs the unit hemisphere in direction of normal
vector n with center in x, over which we integrate

| L;is spectral radiance coming inside to x in direction w,

| f{x, w, w,) is distribution function of the image

(BRDF) in point x from direction w;to direction w,,

o Diffuse The Cycles Encyclopedia Glossy
| w,; " nisangle between w; and surface normal.

VEB TECHNICKA
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PATH-TRACING (KAJIYA 1986)

Zobrazovaci rovnice:

Lo(x,w,) = Le(x,w,) +f Li(x,w;i) fr(x, wi, wo)(w; - n)dw;

Co je problematického na této rovnici?

VSB TECHNICKA
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PATH-TRACING (KAJIYA 1986) e ST

Zobrazovaci rovnice:

—

LO(:CJWO) — Le(xawo) +/ L’i(xawi)f?“(xawiawo)(wi ) n)dw%
{2

Redukce Sumu v obraze vyZzaduje vysoky pocet samplu
a tim i dlouhy cas vypoctu.

SB TECHNICKA MMOVATIONS
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PATH-TRACING (KAJIYA 1986)

Zobrazovaci rovnice:

LO(:UJWO) — Le(xawi)) + Li($awi)fr(xawiaw0)(wi ) n)dw%
(2

1 sample 100 sampl
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SHREKUV ZAKON @

| Mooreuv zakon IDREAMWORKS
PocCet tranzistoru, které mohou byt umistény na integrovany obvod se pfi
zachovani stejné ceny zhruba kazdych 18 mésict zdvojnasobi.

VEB TECHNICKA
||||| UNIVERZITA
https://www.intel.com/content/dam/doc/case-study/high-performance-computing-xeon-5600-dreamworks-animation-case-study.pdf IS TRAVA



SHREKUV ZAKON

| Mooreuv zakon
PocCet tranzistoru, které mohou byt umistény na integrovany obvod se pfi
zachovani stejné ceny zhruba kazdych 18 mésict zdvojnasobi.

| Shrekliv zakon
PocCet renderovacich procesorovych hodin potrebnych k dokonceni
projektu se zdvojnasobi ve srovnani s mnozstvim casu potrebného na
predchozim projektu.

nre
nre

nvh nh UM

nre

Shre

< 1(2001)
< 2 (2004)
< 3 (2007)

k Forever 3D (2010)

IDREAMWORKS

5 milionu procesorovych hodin

10 mi
20 mi
50 mi

ionU procesorovyc
ionu procesorovyc

ionU procesorovyc

https://www.intel.com/content/dam/doc/case-study/high-performance-computing-xeon-5600-dreamworks-animation-case-study.pdf
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https://www.intel.com/content/dam/doc/case-study/high-performance-computing-xeon-5600-dreamworks-animation-case-study.pdf

SUPERPOCITANI (HPC)

| Big Hero 6
199 miliénu jadro hodin

| 1 osobni PC se 4 jadry
200Mhod / 4 cores = 50Mhod =
2.1Mdni = 5707 let

| Superpocitac s 1000 PC se 48 jadry
200Mhod / 48000 cores = 6 mésicu

Big Hero 6
(2014, Disney)

VSEB
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HPC NA VSB-TUO

| Anselm | Salomon
= 209 nodes = 1008 nodes
= 2xIntel Xeon E5-2665, 2.4 GHz, 8 cores = 2x Intel Xeon E5-2680v3, 2.5 GHz, 12 cores
(Sandy Bridge) (Haswell) w. 128GB
" 64GB = |nfiniBand FDR56 / 7D Enhanced hypercube
= [nfiniBand FDR56 / 7D Enhanced hypercube = 576 nodes w/o accelerator
= 180 nodes w/o accelerator = 432 nodes with 2x Intel Xeon Phi 7120P, 61
= 4 nodes with MIC accelerator (1x Intel Xeon Phi cores, 16 GB RAM
5110P)
= 23 nodes with NVIDIA Kepler K20 | NVIDIA® DGX-2 SERVER
= 16 Tesla™ V100 32 GB GPUs

| Barbora * 512 GBof GPUHBM2

= 192 nodes w/o an accelerator

= 8 nodes with 4x NVIDIA Tesla V100

=  2x Intel Xeon Cascade Lake, 2.6 GHz, 18 cores
= 192GB

= |nfiniBand HDR 200Gb/s (100Gb/s per node)
= 30 GB/s LUSTRE storage
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