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VR AlLjo}E! 3ici e
Virtual Reality

Sy

of2]! eFlojlMle] VR Alujofe] Aici
MovieRenderQueue(MovieRenderPipeline)
2AE

OfOI0 = S8t iR AR
zuE

2 AY

HIZY o|HIE

= X8 (Eye Adaptation - Exposure)

si7jle} gto = sfjo} &t
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Work Experience

Senior Graphics Programmer at AmazeVR 20224 43 - $ixj
Senior Graphics Programmer at The Forge Interactive Inc. 201816 -202214 38
Technical Artist at Bluehole Inc. 201341 18 -20154 2¢
Education

University of Pennsylvania 201641 8% -2018' 58

Master of Computer Graphics and Game Technology
Yonsei University 20064 5% -20131 78

Bachelor of Science in Computer Science and Engineering

Email

jin@amazevr.com

[ e
Senior Graphics Programmer
AmazeVR

ZIEHX| ( Jin Kim) kimchistorm.3603@gmail.com
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Virtual Reality Devices




AMAZEVR

VR Video (180° or 360°)

Real-time
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[EX - Drawing Equirectangular VR Panoramas with Ruler, Compass, and Protractor]
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VR Cinematic Rendering in UE
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MovieRenderQueue (MovieRenderPipeline)
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MovieRenderQueue (MovieRenderPipeline)

d|#(Scene)
AEHEl/CIO|LIR] QERIE Hix| 2lo|El GI, 2l0|E|0]Al

AIRA

72, 210]E, OIHE, OfjL|H[0]d

Movie Render Queue

{2 M Ml 2, 2R
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AmazeVR's Cinematic Rendering Pipeline

\ 4

Time

Center Face Top Face Bottom Face Left Face
Center Face Top Face Bottom Face Left Face Right Face

Image Writing

® Face A0 WRE, 2}2}o| UH{EZI(RGBA16F)0l X%
@® 5= Face {3 £, CustomRenderPassesE 0|23} Warping
@ Warping0| 2t Z31E o|0|X| 2 A7
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Case - Aespa : Black Mamba




Case - Aespa : Black Mamba Rendered by RTX A6000(48GB)

\ 4

Center Face Top Face Bottom Face Left Face |

|
I Left Eye Center Face Top Face Bottom Face Left Face
' 72GB Right Eye w
e o o o o o e e e e o e e o e o mm mm mm ) ) e e e e o4

Image Writing

A

\ 4

290 sec

@ 1Z2| i of 290%
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® GPUHRZ| 2EO= Qls|| & WsH= Memory Page Up & Down 0] #¢!
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Amaze Distribution Rendering System
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A3y AAH (Amaze Distribution Rendering System)

2} 9l(Face) S2/E PCOIM AL

HIEZEl 2t H 0|0|X|SS Warping
o12]2 9liFlo| ot 2| EofAq

I%?— |01X] Writing

Warping & 2 =2 0|0|X|E &%l =, £|F o[0|X| A7|

AMAZEVR



ojmjo|= 2 3IC{ A|A® (Amaze Distribution Rendering System)

Left Eye

RightEye

Top
Bottom

Left
Right

AMAZEVR

Warp Left
Eye Image \\
"4
Merge Both Eyes
X
Warp Right | -/
Eye Image







Overall

Current Sequence:

Total Frames -1 af 599 (-0%)
Elapsed Time: [0:00:00]

Est. Time Remaining: Caleulating
Pipeling State: Producing Frames

Render Preview

(Low Cluadity)
AmazeVR Current Camera Cut
Steren info : Both Cut Mame: no shot (Cam_Previs) (1 of 1)
Render Mode, Standard Calor Frarme; 0 af 599 (00%)
Engine Warm Up Frames 0 of 300
<WROK ULTRA Quslitys Cut State |

122f|of| 5= = 6002||Yof| 50=
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ojHjo|= 22t 3| A|[A®H (Amaze Distribution Rendering System)

QueueManifest.utxt

Zt o Alij2l= 25 MovieRenderQueues L2l Cioket pCoj| X4

QueueManifest _Left _ Center.utxt
QueueManifest _Left _ Top.utxt
QueueManifest _ Left _ Bottom.utxt

QueueManifest _ Right _ Right.utxt

Zt QueueManifestoll= 1152| 7Hi2t 21XZ}3} ViewSizeE #11 U2



AMAZEVR

MoviePipelineQueueEngineSubsystem.cpp

1 ufidl UdswiaPimsald R R il Sy E TR IR T U R E AR R ArUTa T TR Taned (UMM T PiplincE e cUTATRasae [REXEDSTAT ]
24
3 #1f WITH_ABAZTT

G il DR edminler Aracebndule = slad i casicTAnsreludalees (ERndulelanepe s 1 oGet [ LoadPodule ( feaen™) ) )
5 -4
] A A a1 - aSET g T E 2ndo ok del ol oo ik et Thi] |
T
B A1 SPLIT NEWDERTHA.
] LHovacFipalinedecues pCUCICNTOGCUE - GoDaeun));
n Moy il pel ineraecutaiinks Firslinh = {ptac rentuses-Gei inhsg 3 ;
11
] WinEm Hundicnds = Rraz oo Lo -1 85T THesd e Cleg [E T 281 Jnb-shertanfifuearicn )]
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MoviePipelineQueueEngineSubsystem.cpp

i7e

i bk | aparerndule s SerSTaranimeTalaln (el vl s aralriestar smanienfigerarien]  (uisre]1 e T
172 Arazefodols—=>SetFaceToRender Int o | fddl ticmal JosForiLat tCeot pr- »he tContiforntacn (), fuint315 ArElRCIERr s flaesl7
1735 Aparchadulc sSctMalaTaceFerEvcadaptationiadtitionzloblerlertCenter wEBetConfigurationd}, (inTEia ceasws Fac
G s EFnlo]| s St Tnipel Brsg o asnivas iostddi L ipna T iobksy Ll Cepl s -sGe l Conligurationd ), FEntPsant (1, 113;

175 AdrazeFodule—=SetSplitRendering{ddditionelJobForleftConter -wRstContigurations} , truel;

] Aparirn il -sEaind ST adeie CRESEL Titea ] ddsk nia T Tt ey - sl tan Tiguratian (1, FERring[oedn [Folafr Contui™1));

b

iTE Arazchaduls. sSetdtercatameTalnlo (G301 timeal doel arloftTog - mAztCanfigucationd ;, [atntE)l B il o Bt rn T ST

3] Aracefniule- =5t Fuce foRemis s Info [had) fiosa ] Inttarla [ Top- Bt Cunl iglupatinnd b | [aininhs i R e 0
THH AnsiciFnilnle-2Sl Ba ot rbe Eyslilapia U ianfaidar lnaTinhbci LaT 1 Top-smeien D igacddden ), foiuin]a

181 Arprefodole-=>SetlutmtArssluticnlivasioniidditionsiJobForLeit Top-~0etlontigurationl ), FIntFoint{Z, 1)0;

b1 1 armzémodule =Sstiplitiendertng(addit] nnaldobleTle T Top soaotenfiguTation (), TIuz);

A3 Srwzefndul=-=Capandraledare | A tipeal dobEnpied | Tog=-=GetConlagurstion il FRLCIngiTERT (™ Lt Teg™] 1),

184

THS Arr e T e -2 Sel S br e e v Inlo [Radi T isea] dobneia MTHal T s0eien Diguralion (1, (nisiN]] L ] [
1B0 Arozeroduls-=2etFaceTaAenierInto (il tioaal JoaFoclat tBottoy-»0e Whontiguratacn (], f[uistB15 | oacebafisesmacs A1,
1HY Apazcmdiuls sSerkaiaTaceferFéeadapration{ddditianalahlerieftHottor mBetconfiguration ], (einTéll i i
18A Az eFndi === SelTuk petReng Lt denDivas pond Add st ponsd TubFer el LU bep-sGetConfigurationd ), FIntPauntiz, 113;

169 Ararchuduls - aSctdplitiendering{AdditionelJabForleftButior sBetContigurationd}, true);

TH AnsiceFnlnl e P apand E5T aMaie (Rl | Losa ] debbucla Mol lo-sMuiCen T igeratien [T, FSrring [EEAT{" Iufl Humioe"TH)

T

8z ArazeFoduls=—=5etStereoCmeraInio] hddi t1onal JpkFocLal tLeEt - oGt Condagurationl}, dudne=il 00 ehlerme g e T
i Araredaduls aExtFaceTolerpiex Tndo (G301 tioeal JoeMarucitheft sBetContfigurationg}, (Uints)s . sawrell el BT )
THG Apw ol s-=Set BninFaceFa Dyefdapial i ongadds CionaT ok el LeT L -sGelConTigarat inn {§, fuinlB1s | T T3
185 Arazefodule-=EetlutmstAesclutionbivisioniAduational JobForLettLett-nGetiontigurotianty, FIntPoint(2, 1F];:

1498 Ararersifule -susrsplitnmdaring dadd it anaT bk ariefrie e - ot eanfigurarion ), trw})

197 Arazefoduls->CapandFoledsmes | fool ticmel JooFnrlal thel t->fatConfigucationd] , FRtring (TEETL Labt Latt™) i),
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MoviePipeline £+

MoviePipelineLinearExecutor
MoviePipelineNewProcessExecutor
MoviePipelineQueueEngineSubSystem
MoviePipelineRendering
MoviePipelineSurfaceReader

MoviePipelineCommandLine
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Case - Aespa : Black Mamba Rendered by RTX
3090(24GB) x6

Time > Memory

S Left Eye

Top Face Bot Face ( 13.1GB

Center Face Right Eye 19.6GB
Top Face Bot Face ( 13.1GB

Image Writing

A

\4

GPU HI22| 50| SHZE|0f Matmol 252 #lir{a
0.3 sec
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ojmjo|= 2 3IC{ A|A® (Amaze Distribution Rendering System)

"""""""""""""""""""""""""""""" > Web Ul

C# .Net

Warp Left
Eye Image \\
\l
Merge
Both Eyes
X
Warp Right /,’
Eye Image

C# .net apps which call Unreal Engine for Rendering
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ojmjo|= 2 3IC{ A|A® (Amaze Distribution Rendering System)

GPU H|22| EEo =2 olot M= X5} sl &

SLto] PCHCHEM W= BICiY 45
6712 PCE 7%t B o 3tl| ~ 6HH &= T4
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Determinism



2I7I2! - CPU Side AMAZEVR

FMath: :RandInit(0);
FMath: :SRandInit(0);

Random Generator

nnocac

FApp: :SetGameTime (0.0) ;
FApp: :InvalidateCurrentFrameTime() ;

GameTime

0O <1 o N~ W N

Global Frame Count GFrameCounter = 0;
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H|Z! O|HE - VFX

Determinism or DeterministicO| Z&tEl SM 2= g5t

Random/Uniform Range Xt&28 2&E2| Fixed Random Seed &4z}

Float, Int, Vector...

Noise QualityZI Bake(Low, Mid, High/™ H<, Evaluatedutra) AFS

Collision 2E0| GPUE A2 E2

=
Deterministicet Type2 AR, 25+ AuijsiH CPU HAtOZ tHA
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H|#+< OJHIE - Sample Particles from Other Emitter 2= =X
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Y OJHIE - Sample Particles from Other Emitter

2| Y AT L SN HIUCEE= =7]

oir

Mo

£ EmitteroliA &0f:= Particle 245 jelo}7| SlsH

Thread 23 &=ME & £ Q12 > 2AH0| =9 > Hofd= NIEIE
E
=

Emitteroi|#] Mg &l

AMAZEVR

S ALE

o| ID7} 2xt9| 202 WElo| C}S

B EmitterollA &0} U= ParticleE & 206lxH
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H|F2 OJHIE - Sample Particles from Other Emitter

SortBylIDs &4 37} - g4=tA| UniquelDE 0|29l LE|E EE

IE[S S 2/5H BitonicMergeSortE s35k= Compute Shader 37t

NiagaraollX B&st Index HiZS 0[8Y RWBUffer 7}
NiagaraHIsITranslator.cpp
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H|#2! O|HE - Bitonic Merge Sort

=l

288517| 71 21 HEHATL

[EX - https://en.wikipedia.org/wiki/Bitonic_sorter]
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H|F2 OJHE - Bitonic Merge Sort for Niagara

Foragna warning(disable: 4008

5 Finclude “fEngine/Public/Piatiorm.ush”

5]

T

B

9 #Finclude " /Enguime/PrivateComnon. ush"

18 vinclude " fEngdimef/Privais/Definitions. osf™
i1

1* #f FORCE_TO_OE_DETERMINISTIC
1% winl ReadInstanceCowrkOff=el

14 wint WritalnstarcaCoontiffset;

16 AWBuffercuini> RWInstanceCouils:

17 AMBuffor<ints> Asriginallndex Table;

15 RMBuffer<int> PWIndexTableForJorting;
|

A1 HWBuf Fercint> AWlndexio%arted index iabl e;
22 mwBuffar<int> PWCounterBuffer;

23 Mbuffer=int> MWiTiginal I0ToIndexTable;



H|F2 OJHE - Bitonic Merge Sort for Niagara

d

EHREEEEEREDR

[™]
& in

EF
- |
E 1
&
&1
led
A

5

ool TsPowerdiTwo(inl numbec)
i

TRTUTT mMinder = @ &k (numoer & (munber - 1)y == @

int CetleastirpaterPowailiTee{inT nuabar)
i

nimbeg==;

MuRbey |= fumnier >» 1

mmber |= nunber > 2;

numbes |= nunber > &

nunber |= numnber == 8;

fuEber |= funber == 16:

rmmbeor++;

LELuin funber

AMAZEVR
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H|F€ OJHE - Bitonic Merge Sort for Niagara

& [resthoesd={1, 1, 111

&8 wnld InltCoumbari=ffersCodulnt Eid = SV orousTl, wint G714 ;oW OrcepThraadiD, ulat DiTd = S _DispatchTascAIT)
57 |

il BeCounterBzffer(n] = MlaTERERT

61 EeCountarBsTfer[1] = 0]

R ®Comterisffer[Z] = B;

9%  ErousterBufTer (3] = W3

54 |

i%

58 ESrlaflnu SORTIRO TRHERD COUNT 1833

80 [ruevthoeads {(SORTING TERERD_COUMT, 1, 111

55 yoid LnitSorting@elTacaCofulnt 00l © 9V _Orousll, wint 0714 | 5 OesepThrsadIlh, ulst O0Ld - 90 DigpatchTRrecding
o

Bl uint Thrusaflll = [Tid;

a1 o
If [ThruadID w= 2E2354)

i1 i

-] LT A

&7 1

(]

B et BetPreslde;
M Inteclockefadd (EWCaantarSufferln], -1, RetSrevids];

T2 SriginallvdusTable[ThrsadlD] « EalPrevids;
™ WIndexTohieForSaTiing [Thereedlll] = BotPrevids;
Ty L ndenToSertedindunTablal ThraadIDE = 13
Bartclgina L INToladdeTahl e Thredd1l] - -83



H|F2 OJHE - Bitonic Merge Sort for Niagara

Th
k|
Hy
821
iy
B3
B4
A5
HE
B?
BE
i
‘88
91
a2
Ha
94
14
=0
a7
|
oy
1848
181
a2
183
R4
185

prespshareil wint Farticlebount ;

Tnumthreads (508 LG | REESD_CRONT, 1, 1X]

Joid BitonicMergeSortCajuint. Gid -

[

£ {aTid == a)

. He

Partinistount = AWTnstancefounts [MmteTnsTancatounTOfTeRt]

CroupdororyEarrioreitharoupsync|];
int Soquencelongth = 8;

if §1lsPowecOETwol (Zac)Particlelounty)

e

Zoquencolongth = GotloactEreaterPowerdf Twod 1ot PartacleCout);

=

Saquancelangth = (inclParticlatount;
T

DovwiceMoroTyEarricre thEroupsyncl) ;

it Thraadim = OTid;

¥ @roupll, wnt 0724 - S GrougThrcadiD, uint D7id

AMAZEVR

¥ DispatchThraadID)



H|F2 OJHE - Bitonic Merge Sort for Niagara

111
11z
113
115

P ]
EFal
k)
R
17

125

13

i
e
143
Tidak

145

1144

sfils (o> R}

AMAZEVR

Fop £inl Lrcphivdin = o) Loodordes o [Bagiorselongils = S0R0IHD (RHEAD VTARD LD SUHCJML RS DTAMIE Y, erbeiplindged

|
Aol Dviei Hweadll = Ll Tlussd0  Looplades = SOHTLSE 1T

LRD_DTIMI

bir ElTaricindss = (Cuemerr Hhors s @1 e 21 000 =
Loz Lafwiwralaa g = (fibmichaee & 2 = Of;

lir romi afes’ = jourrantibeesdol ood)os 2 o8 )|

Lo Eadoidinkes = Cupiinll bolanlon 5.0
1A e = Eauindas & Haredn| ey
1t TreleE Tagpek = i

1F [ Trhazerding)
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cl Mg Tabdwoe Dy Lorg, | Indeshl v PRlvdex Tad sl ve ez Lol TimlkeL] ]

it temn — FdTrdexTehlsForizriina | Tndecl j
FHLdwaTezd sl uSzsiang | Irdusi | = Melrelas TebilaToa Do Lol Trewcdd 1
ELydup b uaSee Ll linkeas] = Lpmp;

i [T rdracTablesarfortbegITndeed] < T reTaat eForiarring [Frd k]
1

it [y = ERLEI LG s rorsar g Darakon®]
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H|F2 OJHE - Bitonic Merge Sort for Niagara
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H|F2 OJHIE - Sample Particles from Other Emitter

L 11

] 11 (ERecuir=sPersistenti= && |TranclatzonStapes|1]. hOPertisiPackici=lpiste]

o7 [

BE &1 Fonck Tl 5 DerFsIHIE

L E] R T

i i

ki § hlsldurput Feteied: (Print I {TERT{ "\ Thtlpdat e oM orSaodi@, o¥olid -7 EsParticlies IDLIndex @ 1, WriccIpded] in™l, &
B 1

= Else

L Fmlir - v

e Misldatput += FREreng=:PrantlcTEXT O LV Upal v ieT T4 bwalid 7 SsPartici=s, M, Trisy =1; Wri IH'.rllIrl:-:'.-‘l__ iCon=lpstHe
o i

™

b | HTimu it b= 1ER LN (Bl ] hed w1 o™

i)

B8 §iT FPOACE_TOD_=E_DETEMSIHISTIC

H1 18 hpesulrcsrerslstantins S {fronslacionStopes[il-Brartialrarticiclpdare G hHSoroeyIns)

e T

A3 HizlboAput += TEETOYELE ERRDCip )l Indexiahl=| ketteIndex] = 10k = CortéackEnans + TEXTE "Pacticles CnygeeXD; in™ )

Hi WiATOatpul 4= TEETETSES LI RN Imlns TablerocSar Ling Tt r i belndea] = (ind ] "5+ fonteeilars & TEET [Pardic] e, Uniguetin be™]
BG ¥

BE- #aridit Eoll O LS5 NETERTRT

Hr

151 for Cinld3 Daissel Dadey = 8, IniCousier = 0, Fleatlounter = 8, PEliCounla) = ) DutaSet ndes = Ded e (dr idee, Hunf ] o+
B3 i

o ponst THisgmzzbaczSetZl DotaSctID - RoadDataSctIDs [DatasSctIndsxa]l;

ul 1=ndE LAE Gyl Rl aga v awa el i iagarabaiiahlus = nataberiaifahla [l raserRed tialiarssar en] 1,

as o {sunel FHysgrrabacishiss War o Wisgazaiurahlss]

LE] L

0 const podl ShrifeTosl 8l - ITmnslotlanStages[i]-bfactiaiParticlobpdete || TranslationStaans[i]  ferfarticlobkitxiout
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NiagaraDataSet
NiagaraDataSetCompiledData
NiagaraEmitter
NiagaraEmitterinstance
NiagaraScript

NiagaraSystem
NiagaraGpuComputeDispatch
NiagaraRendererProperties
NiagaraHIsITranslator
NiagaraShader
NiagaraEmitterinstanceShader

+ NiagaraBitonicMergeSortShader
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=32 - Eye Adaptaion (Exposure)
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Rendering Pipeline
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Rendering Pipeline Rendering Pipeline for faces not the main, 1/16 smaller
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Limitation and Future Works
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