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Zivé prenosy 360° videa
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cesnet = i~ O com je prednaska

" Implementacia 360° videa pre program UltraGrid
® UltraGrid

- Nastroj na zivé prenosy

- Vysoké rozlisenia a kvalita - az po 8k (7680 x 4320)

- Nizke end-to-end oneskorenie (~40ms)



ceshet Co je to 360° video?

" Zaznamenava priestor okolo kamerovej supravy na vsetky
strany

" Zaznam pomocou viacerych kamier sicasne
" Specialne techniky zobrazovania

- Uzivatel m6ze ovladat smer pohladu




cesnet = - NVIDIA VRWorks

® Kniznica na skladanie 360° videa od NVIDIE
" Problémy s kalibraciou
" Closed-source
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NVIDIA VRWorks

The VRWorks 360 video SDK is no longer in development and will cease to be
downloadable on Feb 29 2020. Support, updates and bug fixes are no longer

provided. Users who have previously downloaded the SDK can continue to use it on
supported hardware and CUDA versions.
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cesnet = - Rektilinearna projekcia

" Klasicka projekcia s ktorou sa bezne stretavame
" Nefunguje pre vysoké Sirky pohladu
" R=fxtan®6
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cesnet = i~ Projekcia rybie oko

" Sirokouhlé kamery
" R=fx6
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cesnet = - Ekvirektangularna projekcia

asto pouzivana pre 360° video
= (A/mt+ 1) X w/2
= (2¢/t + 1) x h/2
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cesnet = Ekvirektangularna projekcia

" Casto pouzivana pre 360° video
o x=Nn+1)xw/2
" y=Qe/mn+ 1) xh/2
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https /icommons.wikimedia. org/W|k|/[g|Ie Eqwrectangular projection_SW.jpg z~
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cesnet = - Skladanie 360° snimku

"g‘

" Vstup - 4 snimky s projekciou rybie oko
" Vystup - 1 snimok s ekvirektangalarnou projekciou
" Pri skladani teda potrebujeme:

1) Transformovat vspuné snimky do vyslednej projekcie

2) Snimky skombinovat do jedného
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cesnet = - Transformacia projekcie
" Pre kazdy bod vystupného snimku najst bod vo vstupnom
snimku, ktory mu prislicha

" Pouzivaju sa rovnice projekcii

" A=(x/(w/2)) xm " R=fx6
" o= (y/(h/2)) xn/2
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cesnet Skreslenie objektivu
" Rovnica projekcie popisuje idealne Sosovky
" Realne sosovky nie su idealne
" Na korekciu je mozné pouzit polyndm
Rcorrected - (aR3ideaI + bRZideaI + CRideaI + d)RideaI

{ Barrel | Pincushion
negative

(positive)

Predicted Distance
Actual Distance

Non-Distorted Image



cesnet =i Kalibracia
" Potrebujeme presné rotacie kamier a koeficienty skreslenia

" Pouzity je Panotools! model skreslenia
" Na kalibraciu mozné pouzit GUI nastroj Hugin?

sk Control Points

0.-Ojpg S 1 |v/|@ |[© [1.-lipg s 1 |v

# left x lefty | rightx| righty | Alignment Distance Zoom: | 50%

0 2421.00 61.00 2366.74 1816.56 normal 124.23

1 226429 3258 222335 184205 normal 135.25 Colest
2 240342 37043 241800 2126.00 normal 58.51 [ auto fine-tune

3 2306.44 321.44 2309.82 2138.93 normal 87.46 ante add
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cesnet R Akceleracia
" 8K video pri 50fps = ~1500 miliénov obrazovych bodov - st
" Vypocet pre kazdy obr. bod nezavisly
" Trivialne paralelizovatela uUloha
[ |

Vypocet pomocou CUDA na grafickej karte
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Vysledok transformacie

" Jednotlivé snimky su
zarovnané

® Uz staci len skombinovat




cesnet = i~ Paralaxny efekt
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" V oblasti prekrytia budu vzdy aspon i ‘ L

malé rozdiely |
" Ten isty jav preco lavym okom VA
vidime trochu nieco iné ako pravym
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cesnet = i~ Plynuly prechod

W
L b=

" Pri kombinacii chceme rozdiely zamaskovat
" Musi byt rychlo vypocitatelné na GPU
" Jednoduchy linearny prechod?

- vysledok = x * lavy + (1 - x) * pravy

" Ako zvolime sirku prechodu?
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Lavy obrazok
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Pravy obrazok
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rka
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Vel'ka
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Mala sirka
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Stredna sirka
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Multi-band blending




cesnet = - Multi-band blending

n®

" Urobit prechod pre velké a malé objekty oddelene s
réznymi Sirkami

" Malé objekty musia mat ostrejsie hrany
® Ostrejsie hrany = vyssia frekvencia
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cesnet = i~ Frekvencia

" Frekvencia = pocet periodickych opakovani za nejaku jednotku
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cesnet = i- Frekvencia

® Frekvencia = pocet periodickych opakovani za nejaku jednotku
® Pri zvuku - opakovanie v Case

27 nn



cesnet = i~ Frekvencia

" Frekvencia = pocet periodickych opakovani za nejaku jednotku
® Pri zvuku - opakovanie v Case
® Pri obraze - opakovanie v priestore
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cesnet Multi-band blending
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Multi-band blending
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Multi-band blending
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Laplacova pyramida
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Laplacova pyramida
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Laplacova pyramida
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Laplacova pyramida
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Laplacova pyramida

HE__Em W = |
36 N N BRI R e b



Laplacova pyramida

o
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cesnet = i- Laplacova pyramida
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cesnet ='i: Laplacova pyramida




cesnet = i- Laplacova pyramida
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Laplacova pyramida
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cesnet = - Multi-band blending

n®

" Vypocitame Laplacove pyramidy pre oba snimky prekryvu
" Levely pyramid miesame jednoduchym linearnym prechodom
" Rekonstrukciou z pyramidy dostavame vysledok



cesnet = i= Vysledny vykon

" NVIDIA RTX 2070

" Vstup: 4 x 4K (3840x2160)
" Vystup: 8K (7680x3840)

" 66 snimkov za sekundu

BOS s

L Stream 13 |

- Stream 14
L Stream 15
L Stream 16

L Stream 17
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cesnet o

. Zobrazovanie

Prevod vyseku 360° snimku do Standardnej projekcie
Ekvirektangularna projekcia - svetova mapa
Techniky na vykreslovanie zemegule

3D model gule

textlra mapované podla ,zemepisnej“ sirky a diZzky



cesnet = i- Zobrazovanie

" OpenGL
" Tradicne v okne, ovladanie - mys
" VR headset, ovladanie - pohyb hlavy
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cesnet = - Zobrazovanie vo VR headsete

" Komunikacia s headsetom:

- Citanie rotacie

- Posielanie vykreslenych snimkov
" Spociatku kazdy vyrobca mal svoje rozhranie
" OpenXR - Khronos



P

Da kujem za pozornost!

Zivé prenosy 360° videa
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