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 Voxel : volumetric element

* The density function[1] : 3D &7t2| 2= A 0| CHoH

Z40| OFAO|D:| A EM ohoj| &at

AR |Et.'_|-7'57+(01| CH7 | 'I'_E)O" =

s 30| 0 01 A A|e| B

S LMo g2 RLE(Run-length encoding) 2 7~'|7*

SN X

Voxel Terrain
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e Marching cube[2] : ZtZIo| EAIO| g7{o| L= ZIO 2 Z2| LS MM,
v UEIDE 2 250/H A[% LR Ei oo oDz
oI SH8ER| U2

v :LH*OH Ao 2 At Hl S7F A0 =0 UO0A
Za|00| MME N = N
v 279| WEZHS HIkSI0] H 20f| 5 S 4
H o omsiag [T EHA]
A|dotdl 2} M 370 & HEZot] S22 dHd ——
—— <\Z
N

& A

Fundamental Cases for Marching Cubes

* Pre-computation : 2f|'Z 0| C|E{0f| A 27|20 = 2| H|+E 0[] dd
SIEFRIOl= 22 M2l ALS



CHAPTER 01. Z2Atato| a2l

241 7|8t 2|2 2|

* Pros[3]:
v' Continuous 3D data : £742 5= & A[A0| Lot A= MO F A &6t=
240l g
v’ Easy to modify : &l =4 7t
v’ Very fast : GPU Voxel Terrain0j| H|5l| GS7} 2 Q35}A| 2
v

No artifacts : ij|¢|7 Q= I = IS E|B 2 O|Aret AA|Lt glitchZ| EiAd
SfA| &=
v'  Advanced terrain features : 1= =7{LI =£5E =11 seamless E{Z

S AHAAYH BHE 4 S

* Cons:
v Poor dynamic LOD : O{|¢| LO
v’ collision detection EESE 2HF | 4| HHAl 2|2 0| L7| L6l Ze2|A
¢ |

[l
0f0
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Deferred Shading

- ZEZ09l deferred shading B4l[4]

1.

ok whnN

BRDFL| TW70f| 2 Qo A H = geometry buffer(G-Buffer)0f| HIE 2!

v A|&<£M(albedo, material info.), EH £ (normal)
HMH<EM(positon)2 depth2 £ E]

SET A2o| A T2 IHAS WK SHHSH 2T

G-Buffer HIEZ A| RH AHI} ZQSIA| tonz oLtz

S CH & % QU= QAR AC| 47} S0ft

v’ MSAA EEFA RS2 FXAAAR

247} 3

212 B A Q1 4[0|HF 0] 8dll 2H, AOS Screen Space0| A A4t

2|E duE g

{retol 28 A|[Lre| £E AHE, of| o #I

Post-processing

v
v
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Deferred Shading

*  G-buffer : | 22|2} L H = F0| 11, A{&0IC} CHE BRDFARESL | fl =
1.

: encoded Diffuse color?2] Y’

: encoded Diffuse color2| Cb [half] / Cr [half]

: encoded Vertex Normal.x [half] / y [half]

: Material ID

> WO X

: encoded Normal.x
: encoded Normal.y
: Gloss(1-roughness) [half] / Fresnel[half]
v" A : Emissive or Anisotropy [half] / Skin Mask [half]
3. Depth Buffer
v'  Position
* [halfl]E interlaced, 22 B+ MEZ 2 LIF0O HAOI7HH XNZ
 Diffuse encoding[5] : YUV encoding, CIZI9| =2 Yf7|2| HSIHLCI= M X 9]
S0l & QIZE Lumas full size2 Chromat half size2 A{3&F
e Normal encoding[6] : x,y WHO 2 7 HIE{E EHGI( flaot2 = CIAEH

SSSNFNS N3G
= o

(v~ I ) I~
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 Why Physically based?
v SO A AMEQIO|OIX|E 7] |
v O}E|AEE 2|2t ZHEFSE Material Interface

- HIHX|GoRl ojrfH e Yo 2 SE(MQ B Vs
G O| A OFE|AETIZHO 2 RHASIA| YOt E

v EIh RISl Cats YTE A B 4 2le.
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PBR 7|t 2]

. EIHHQI PBRE SIBH 7| A
v' Gamma-Correct Rendering[7]
i EL|E1 A DI} H|AS
- H|MA gamma space0| A 2| shading HAI2 22X AUtE Xef

- nonlinear encodingEl ElAZ] 23 linear space® HH2}t S shading

—_ T
- Z|= =22 CHA| nonlinear encodmg
v HDR

v" HDR environment map

Intensity 0.5 Intensity 1 Intensity 1.5

Gamma Space

Linear Space vs Gamma space
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HDR(A2R10G10B10)[8]

e Dynamic Range : E3iSt 4= Q=712 2 Zfu} 22
* real-world2| Dynamic Range= 100 000: 1 =%l

1. Frame buffer of absolute luminance

v' & Aluminance space £ L/ Z/

v/ 232018 @ E HHOl [yminanceE A4 B8 Vs
2. Displayable image

v' 28 Low dynamic range (LDR)
3. Frame buffer of relative luminance

v HIEE Al & {0 Cie AFY AE

v OjAtaoz, 2157 oAk

v 7.| (@) 0-"A-IE 212"‘13(4000"’10000) %;EEH Z_'Ill__él'

- L—

« ZeAlat: A2R10G10B10, AL M| E2| AH|
v’ 2|0FAE{ZI0|A R16G16B16A16E 434

* Low-precision environment maps
v ORZI7HA| 2 2|0fAE 20| &4
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PBR

* Physically Based Rendering[9][10][11]
v Diffuse BRDF : Oren-Nayar[12]
- rough diffuse surface= AHsI= Q17| R &
- ZHHHE HEAO)| H|SH YBFHO 2 HZ BEHO|A ZH 2ESF0| A[OF BiGk
CH7tg+5 o 5ot
- EHEHE HrALOf B[S 2f2F ZA| BEAL,

H A Ol
=2 "T MO

(a) Image (b) Lambertian (c) Model

Lambert Diffuse vs Oren-Nayar Diffuse

(http://www1.cs.columbia.edu/CAVE/publications/pdfs/Oren
_SIGGRAPH94.pdf)
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PBR

* Physically Based Rendering
v" Microfacet Specular BRDF :
D (h)E(l, N)G (I, v, h)
V) = =5 T )
1. Fresnel [13]
D (h)F(l,h)G (I, v, h)

- S == )

- RARZOf HE HEALRE S 10r0f| CHoH B4
- ERIOIA HrAtEls slo| o2 AlofZlof 3 9IS,

. A QIAIZHOOE 0|A|-7|')01|k| E4H 0 12{2 EHES HO| 100%E AL,
A&; QAUAZHOE UAFZHO|A 2] HIAFZFS 2{2lo| 24 E0]| e}
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1. Fresnel(cont.)
- The shlick Approximation[13] AFE(AES| A=ksta, g4 AL
- F(v,h)=F,+(1-F,) 2 (-5.55473(v-h)-6.98316)(v-h)
- R 2 OEAE 23,

2
- f(0°) = %, n= = &E (Index of Refraction, IOR)

- QHFAO| QAH|O| F,= 0.02~0.05HHQ| 2 T2{|0] AH L
- EXo] 4L 0.5~1.082| =2 RGBZ 2 7R

Material F, (Linear) F, (sRGB) Color
Water (0,02, 0,02, 0.02) (0.15, 0.15, 0.15)
Plastic / Glass (Low) (0.03, 0.03, 0.03) (0.21, 0.21, 0.21)

Plastic High (0.05, 0.05, 0.05) (0.24, 0.24, 0.24)
Glass (high) / Ruby (0.08, 0.08, 0.08) (0.31, 0.31, 0.31)

Diamond (0.17, 0.17, 0.17) (0.45, 0.45, 0.45) -
Iron (0.56, 0.57, 0.58) (0.77, 0.78, 0.78)

Copper (0.95, 0.64, 0.54) (0.98, 0.82, 0.76)

Gold (1.00, 0.71, 0.29) (1.00, 0.86, 0.57)

Aluminium (0.91, 0.92, 0.92) (0.96, 0.96, 0.97)
Silver (0.95, 0.93, 0.88) (0.98, 0.97, 0.95)
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PBR

2. Normal Distribution Function
_D(h) F(l,h) G (I, v, h)
AR e e | oy
- NDF=OO|ZIO|EQS| 7|t Y A
- Trowbridge-Reitz (GGX)[15] A2
_ o :
- D(h) = T ((n-h)2 (az —1)+ 1)2 Blinn-Phong
- ais roughness GGX vs Blinn-Phong

3. Geometric Shadowing
_D(h)F(l,h)G(l, v, h)
- Hv == (V)
- MicrofacetO| A €& out-going beam = = El (masking), &€ &£ incoming
beam Ei*.%'(self—shadowmg)
- Cook-Torrance[16][17] A&

- Gcet(l, v, h) =min( 1, 2(n(-vh')(hr; V)

-h)(n -
masking )' Z(n(v )Igr)] ) (Gshadowing))

(G
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SH Lighting

* Point Lights / Spot Lights / Gl Virtual Point Lights(VPLs) ot HIH

e Spherical Harmonics[18]= 0| &2510{ 2}0|& HAL A= ofet

e SH AH|£2F A &5tH L=(Low memory consumption)

e 2Z}(second order), 47} SH 71|—.—(coefficient) *r, g, b2 * % Size RT
 Diffuse Lighting0j| 3AI2 A|&olH 22, 0|2 2|/Hs 2|4 22 AR
o Z2IE| LA} mass light direction@. 2 specular AN 77}A]|!

e Full size 2H HAMELCI= 87|, MZH 20| 22

. GIVPLR} HE|7}H ZHof| A

Original

$ 00002
* OO0Veww
* O OB EIKN

SH projection of functions with increasing orders of approximation
(http://silviojemma.com/public/papers/lighting/spherical-harmonic-lighting.pdf)
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Effects of Global lllumination Approximation

* Directional Light Source2 FE{ CPUN|A{ ray-casting
o WAE|= BHO| HALE VPLs |4
v’ W2} B position(a), normal(b) A&t
« Shadow Map =l A| Shadowmap Space?| Diffuse(albedo) Color =H]|
* Screen SpaceOj|A{ Diffuse Color * shadowgf A& (c)
* SH LightingO{|A] (a), (b), (c)2fS.E Lighting 4t

Effects of Gl Approximation
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Effects of Global lllumination Approximation
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Effects of Global lllumination Approximation
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Rendering Huge World

o ZAZAIEFAA HE Z7|(SA)
: 34.816km x 31.744km (xRIH 7+ 24 CHEF 1,420,800)
. HUHOIM To| 42 RS A4H UL 23| Y2
« 1 O]E2AH off&7?
v" use View Relative Position
matModelVRP. 41 -= viewPos.x;

matModelVRP._42 -= viewPos.y;
matModelVRP._43 -= viewPos.z;

P W | w240}
matViewOrigin .
loc : float3::Zero
lookAt : viewDirection

Up : float3:: UnitY

giC
MR 4 A0} S

AHO|QE HE

HiO|Z A&

matModelVRP * matViewOrigin * matProj
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Z| 4=t

Instancing
v B= geometry= instancing@ & =l
Rendering Order
v" instancing |O|E] -1 A| AR = THA| ARl = M4 H|O|E 2 A
v’ texture HIQIES vertex buffer HFQIE HL} 7%'7-"!
Command Buffer
v' Dx119] deferred context/li'd
v' graphics commands= command buffer0 2|22 =
v" render threadOf| A play backSt= 2 Al
v ZA2A18F DX9, DX110j|Al &+, OpenGL ES(2HIY), ZE0| A E AR =
Vertex Texture Fetch(VTF)
v' Fl|2lE{ GPU Skinning, €& instancing datalf| &-&



CHAPTER 01. Z2Atato| a2l

z| 43}

 Crop Mode
v 3190 Fpte| SE2 UIat AICR, Q) Bt 2 A E HLt

* Upscaling
v A 2} S A EHLCF 22 AJO|R 2
A2 = Bicubic Upsizing[19]

Bicubic upsizing &

Bicubic upsizing
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CHAPTER 02. {|%! Of|C|E], AHAHA

21|14 0j|CEq Fro

OIE|AEQ} eH Heot &=ME SILIY 7|5 7}
. Z4QIR7}HER HER B0l 8 4 QU
v’ pre-computation 2 Z|ASt
0{2{ HO| SA|0]| 2HO| 7FSolA|
v YE OO E RGE, ERE (R, LEHE LIF 5)
212 TR = LIR0] 2|H| M 22|, B ZA|0f] et
v’ 2l0|H / ¥H|0|E H|O|E| LI50] SA| 21
- DR EERQUS HEA S0 201 = M| F YO0 7Sl
v hightmapQ 25 E| S §|0|E{ importing
v gl QHAIE 72 HYX|
v 18wz
v’ decalvolume 7| &
«  Z|CHgt AtSst
v Y4|H]| §|O|E{, &= O|O|E], LOD, road decal, ivy vine
o ZRAGI=2|AATIOIH T ER]
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Decal Volume Igc o=
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g‘ in ALt

=3} 7| -

LOD, navigation, collision data

v 8|8 Ol = JIiZ, E A gl0] G|0[E 4-d
road decal : A[J0]| ZA| Of|C{E{ 0| A] 44
ivy vine : A, A= L 2& 2t Af5 dd
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Time of Day (Weather System)

« 24A| 2ZE Eehol= 2070 OIS (R[F, EE) AL B2 gf 24
scattering parameters v

sun / moong| &faf »

ambient colors

fog parameters

sea parameters

wind parameters

cloud parameters

color grading parameters

rain, snow parameters

AN NI N N NN Y NN

H-2A8t Black Desert Online Timelapse



- A= AEN, HIE : bone transform
« 2 :texture uvtransform
« 3|0 Z2! : vertex transform
« CH7| B £ : vertex morphing
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FHEIE] A, OFRA FHA S 2}

SES EN

Depth of Field(DOF) &k / ZHA X4

Field of View(FOV) *&

HEE ZH : Look-Up Table (LUT)E 0| &5t Color Grading
Post process Effects : H|Y|&!, 'z0|X, &8
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3|0fAER 25

Z O AMIZ0| 1L, OFSLHR B}
ﬂ%?LAAJOHmo“

7|E SN2 ALY B, 45 84
gEBtgMOE 27|

Remaster after »

Depth of Field ON

Glare ON

H2AH] 2|0tAEE
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00|12 3|0tAE 2

T A=

 HDRI|M
v Floatl6 RT
v Tone mapping, Glare (YEBIS)

 PBRZ{M
v" HDR Environment Map Filtering
=  pre-computed -> runtime
v" Fresnel, Metallic 7§

TR &
;e e C\Q\

Final Optimized Version

Runtime Environment Map Filtering[20]
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* Post-process(Motion Blur, Depth of Field, Glare Effects &)
v YEBIS(Post Processing Effects Middleware)

=

Depth of Field Effects ==

$ Y EBIS postprocessing Optical Effects
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FA=S e|o0fAEF

* SH Lighting -> Full-size Lighting

 AO

v HBAO
 AA

v' Temporal AA
* SSR

v’ Stochastic Screen Space Reflections + Screen Space Ray Tracing
* Scattering

v" Outdoor Light Scattering by Egor Yusov
* Volumetric Cloud
* Indoor Gl

v Voxel Cone Tracing
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