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Overview

1. Deferred Rendering Approach

2. Light Propagation Volumes (Real-time Global Illumination)
3. Screen Space Sub-Surface Scattering

4. Water Rendering



Deferred Rendering Approach

¢ Previous Work
Forward Rendering
» Single Pass
» Multi Pass
Deferred Rendering
» Deferred Shading
» Light Pre-pass Rendering

» Inferred Rendering



Deferred Rendering Approach

¢ Forward Rendering

Single Pass

For each object
- Objecto]] &= = 2= LightS B ShaderZ Render

» Shader Combination Explosion
» 2 E Shadow Map2 Memorydll & X|3sl0F &
» HO|X| = HO| gt 3 e AL

Multi Pass

For each light
- For each object
- Frame buffer0f| Lighting +%

 —

» Pass 2F=0] 2|t Vertex Shader, Texture filtering S

» HO|X| M= WO et SE 2ot AL



Deferred Rendering Approach

¢ Deferred Shading

For each object

- G-Buffer0] Geometry & Material & =5 Render

For each light

- G-Buffer& & Z3l0{ Lighting & Shading &, Frame Bufferd| +=

» Pros
» B2 29 Lightdl thg 7ts
» Cons
» Transparent X 2| 27}
» MSAA X 2|7t L2 F
» Materialof| &|<2fO| L=
» 2HEl G-Buffer St

» Material 7(0|| L& Shader S &% 57}



Deferred Rendering Approach

¢ Light Pre-pass Rendering

For each object

- G-Buffer0] Geometry & Material & =5 Render

For each light

- G-Buffer§ & X3t Lighting =™, Light Accumulation Buffer0l| +=

For each object (2"d Pass)
- Light Accumulation Buffer§ & Z3}l0{ Material Shading 2=

» Pros
» 2 £9 Lightdl tH S 7ts
» MSAACHE 7ts
» Material &|2F0| 1 S

» G-BufferZl ZIH& - MRTE 275X ES



Deferred Rendering Approach

¢ Light Pre-pass Rendering Cont'd
» Cons
» Transparent X 2| 27}
» 2 PassOf| 2= £ &

» Skinning/Tessellation & & Al 4= &7}

» GPU d8S50| S7tt+= Bottleneck@ = & &
» Specular ¢ 4H0| &7 =gt
» Of =0 22| AF2E|= Specular ModelO| 22 HESHX| Ao B E FAJ?

» Blinn-Phong, Cook-Torrance, ...
» Light Rendering Al MRTE 0| &3t aliiZ 7ts
» Diffuse(RTO) + Specular(RT1)

» Light Rendering®| F&0| S}



Deferred Rendering Approach

¢ Inferred Rendering

Light Pre-pass Renderingol L8
Xoll &= G-Buffer 2 Light Accumulation Buffer AFHE
DSF(Discontinuity Sensitive Filtering)= Upsampling

» Pros

>

>

>

B2 £9 Lightol ti 8 7ts
MSAA Ui 8 7ts
Material | 2F0| €1 &
G-BufferZt 7tH =
Transparent X 2| 7}s
» HEHE £9 Layer(EFH =
» MBEHo|2Z FF0| oA
Light Rendering0| 7t &

» Screen ResolutionZ £ 2 28 75

oot

4)2 2 7t
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Deferred Rendering Approach

¢ Inferred Rendering Cont'd

» Cons

>

>

>

ond PassOf| 2= =t

Specular & A0 2™ &HEt
High Frequency & =7}
DSF FilterZ} Ol & =

o



Deferred Rendering Approach

¢ Our Work
Motivation
» CtSH Material?] 80| ZR&
» Light Pre-pass®| 2 pass= FH
» Skinning/Tessellation0| H&=H £&0| 45 57t

Hybrid Deferred Rendering
» Deferred Shading + Light Pre-pass Rendering

» OIS =2 Object 2 General Material (Terrain, LI%, E, &, ...

» Deferred Shading2 & &
. £ 9| Object =2 Special Material (Skin, Hair, Glossy, ...)
» Light Pre-pass Rendering2 = &

» How?



Deferred Rendering Approach

¢ Hybrid Deferred Rendering

For each object
- G-Buffer0i Geometry %! Material & 25 Render
- G-Buffer0l Deferred IDE 7|5 (e.g. General = 0, Special > 0)
For each light
-  G-Buffer& & Z35t0{ Lighting &=, Light Accumulatlon Buffer0l| +%
- Deferred IDZ} 00| ™ Deferred Shading &+
- Deferred IDZ7} O C} 3™ Light Pre-pass TOH
Screen Space Pass to Accumulation Buffer
- Deferred IDZ} 00| ™ Ambient + Light Accumulation 22} £
- Deferred ID7} OE.Ct 3™ Ambient ==
For each object (2"? Pass) with Special Materlal
- Light Accumulation BufferE & Z35t0{ Special Material Shading &



Deferred Rendering Approach

¢ Hybrid Deferred Rendering Cont'd

» Pros
» =2 9 Lightdl S 7ts
» Material A 20| 2=
» S EXQI 2nd Pass * 2
» CHFE2 General Material, 2 52| Special Material
» General Material2 Specular Odﬁol =g
» General Material2 4UHC =2 52 HES XX e

» O3] 709 LightZt & & 7t

of r

(=
» Cons

» Transparent X 2| =7}

» MSAA XMeE|Zt 2=

» G-BufferZl FHZ



Deferred Rendering Approach

¢ Hybrid Deferred Rendering Cont'd
» 3702| Render Target2 ALE
» Light Map == Emissive & & Al Accumulation Buffer 7} AE
» 2702| FP16 Buffer0fl View-space Normal2| X/Y X &
» Spherical Coordinates& & 3510 Packing % Z Reconstruct

» Native Depth Buffer =&
» O|F 2&S ?Idll Linear DepthZ Resolve

G-Buffer R8 G8 B8 A8

RTO Diffuse R Diffuse G Diffuse B Deferred ID
RT1 Normal X (FP16) Normal Y (FP16)
RT2 Specular R Specular G Specular B Specular Power

RT3(Optional)  Accumulation R Accumulation G Accumulation B Accumulation A

Depth/Stencil Depth Stencil

Hybrid Deferred Rendering G-Buffer Layout



Deferred Rendering Approach

¢ Light Pre-pass VS Hybrid Deferred Rendering Performance

Comparison Test

System 1

» Intel Core2 Quad Q9500
» Radeon HD5770 1G
» GeForce GTX460 1G

System 2

» Intel Core2 Duo E6750
» Radeon HD5850 1G

Test Scene

1024 X 768 @ 32BPP
64 Point Lights

1 Directional Light With/Without Shadow Map (1024)
Object With 1 General and 1 Special Material

100 / 200 / 500 / 1000 / 2000 Objects




Deferred Rendering Approach

FPS
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Deferred Rendering Approach

FPS
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Deferred Rendering Approach

Objects
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Deferred Rendering Approach

FPS
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Deferred Rendering Approach

FPS
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Deferred Rendering Approach

Objects

100

200

500

1000

2000

- O

FPS
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Radeon HD5850 Without Shadow Map
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Deferred Rendering Approach

Scene 1

Scene 2

Scene 3

Scene 4

Scene 5

Scene 6

o
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Deferred Rendering Approach

FPS
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Light Propagation Volumes

¢ Real-time Global Illumination
» Anton KaplanyanOi| 2|sli A| 2+ (Crytek) [2009]
» CryENGINE 3(Crysis 2)0 & & &
» Reflective Shadow MapOfl 7| &t
» Color(Diffuse * Albedo), Normal, DepthZE ‘:‘

» VPL(Virtual Point Light)2] 72 & & "t’g”
» Spherical HarmonicsOfl 2| &+ & 1} ”“"“‘“”

» 2Md Band77tX| & & (4 Coefficients) Spherical Harmonics




Light Propagation Volumes

¢ Overview

Reflective Shadow Map 44/

!

Radiance Injection

|

Radiance Propagation

|

Scene Lighting

Color, Normal, Depth

VPLO| %3t+= LPVO|| SH Coefficients2 #HZ U +H

QIE Cell22| Radiance ™}

G-BufferES &rZ3510] Render

§9 - @

@ )

@%@@@

Radiance Propagation



Light Propagation Volumes

¢ Cascaded Light Propagation Volumes B

» Cascaded Shadow Mapl} | A} =

AV

» SILIQ| LPVEE e ¥oo| 20| olHE N

» 3XHA GridO|E 2 O(N3)Q S& =

» 2Ol MUE LPVE AIB

» Bd0l= 2t480| 2 LPVE ArE

» SX 27H2| CascadeS =& Cascaded LPV
» Cascade?t Ol N X| ot HEO| Cia Hd

» LPV PropagationOi|A{2| 2X}QIX| &0l

» RSM(Reflective Shadow Map)2 Cascade OFCt A 445l OF &



Light Propagation Volumes

Without LPV



Light Propagation Volumes
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Light Propagation Volumes

With LPV And SSAO



Light Propagation Volumes

Without LPV Light Only



Light Propagation Volumes
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Light Propagation Volumes

With LPV And SSAO Light Only



Light Propagation Volumes

Without LPV



Light Propagation Volumes

With LPV



Light Propagation Volumes

With LPV And SSAO



Light Propagation Volumes

Without LPV Light Only



Light Propagation Volumes

With LPV Light Only



Light Propagation Volumes

With LPV Light Only



Light Propagation Volumes

LPV 0 Iteration (Injection Only)



Light Propagation Volumes

LPV 2 Iterations



Light Propagation Volumes

LPV 4 Iterations



Light Propagation Volumes

LPV 6 Iterations



Light Propagation Volumes

LPV 8 Iterations



Screen Space Sub-Surface Scattering

¢ Why?

>

>

AMESl =2 0| §

BRDF(Bidirectional Radiance Distribution Function)2 2 = I|5} At2t2 HES S

H=2
HA 3

= DdEt=r st

BSSRDF(Bidirectional Surface Scattering Reflectance Distribution Function)

» Subsurface Scattering

BRDF

r
N
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w
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r
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Thin Oily Layer >
Epidermis ——»

AN o7

Dermis ————»

Layers of Skin



Screen Space Sub-Surface Scattering

¢ Previous Work

Texture-space Diffusion

» The Matrix Reloaded (Borshukov and Lewis [2003]), Eugene d'Eon et al. [2007]
» 2= SSSAHE 2E Do 7ZHE XME|sHOoF &
» Real-time0f| 8 &35t7[0f| H&otX| &
» Convolution Kernel 2i =2 = QI8 Artifact 24
» Texture SpaceZ QI&t B4
Screen Space SSS

» SSS7t A EE RYES Masking £ Post ProcessZ A 2

» James Jimenez et al. [2009]

» Screen Space BlurZ QIst ATl &l gk

o

[2010]
|

ol 2

[IE

» Morten S. Mikkelsen (Naughty Dog Inc.)

» Cross Birateral Filter 2 235104 &l 0l 2X



Screen Space Sub-Surface Scattering

¢ Our Work

Post-Scatter Texturing

» Hybrid Deferred Rendering®| Light Accumulation Buffer§ &&
» Pre-Scatter Texturing 2 & A| Diffuse Map2| Detail0| S71 &
Gaussian Convolution S8 & S8t Blur Sample Z| & &

» 6 Pass Blur ( X/Y * 3), 8 Pass for high quality
(f®g)®h=1f®(g®h)

O-f®g = G? +O'§
Stencil BufferE 0| 88t [ & &}
» Skin Mask RenderingA| Stencil Buffer0ll Reference Value 7|5

» Blur PassO| A Stencil Test &t 5}



Screen Space Sub-Surface Scattering

@

Light Layer 1 Layer 2 Layer 3

¢ Overview

Mask

Normal

Blend X 4

Final Image

Depth

Albedo Specular



Screen Space Sub-Surface Scattering

Without SSSSS



Screen Space Sub-Surface Scattering

With SSSSS



Screen Space Sub-Surface Scattering

Without SSSSS



Screen Space Sub-Surface Scattering

With SSSSS



Screen Space Sub-Surface Scattering

Without SSSSS Light Only



Screen Space Sub-Surface Scattering

With SSSSS Light Only



Screen Space Sub-Surface Scattering

¢ 3D head scan from Infinite-Realities

>

>

>

http://www.ir-ltd.net/infinite-3d-head-scan-released

Scan by Lee Perry-Smith, thanks very much
17684 polygons
Diffuse/Normal/Displacement Map size 4096x4096

Tessellation & & (PN Triangle)


http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released
http://www.ir-ltd.net/infinite-3d-head-scan-released

Water Rendering

¢ Used Techniques
Radial Grid
Vertex Displacement
Reflection
Refraction
Refraction Caustics

Scattering




Water Rendering

¢ Radial Grid

» Camera =2l9|

» Camerall X, YZ

» Frustum2} &
A
T

»  Frustumz}

» GPU Friendly

SRR
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Water Rendering

Radial Grid



Water Rendering

¢ Vertex Displacement
» Vertex ShaderO| Al Vertex Texture FetchE AtE
» 4~5%H HEO| Sampling2 2 E2 = US 4 US
» Displacement Map - Z=(52l) Displacement

» Normal Map — XY= (54) Displacement



Water Rendering
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Water Rendering

¢ Reflection
» Mirror Rendering2 = Reflection Image ‘8-
» Normal Map0ll 7|2+t Disturbance & &
» Fresnel Term
» Schlick's approximation: R(4) = RO + (1 — R0)(1 — cos 6)5
» Reflection2} Refractiong =&t

outColor = lerp(Refraction, Reflection, fresnel_term)



Water Rendering

Uniform Disturbance Reflection



Water Rendering

Real World Reflection



Water Rendering

¢ Reflection Cont'd
» Vertical Blur
» Anisotropic ReflectionS HE#
» Mirror Depth

» Disturbance & & A| Mirror Space DepthE B+



Water Rendering

Reflection With Vertical Blur And Mirror Depth Consideration



Water Rendering

¢ Refraction

» Dark water colorZ22| Exponential falloff &3l Opacity &

» 4™ O}zl 2t Rendering 5t0f Refraction Image 4

> _DF_jl-_IOI_I I:”:L
» QUHIM O 2 | ow Resolution2 A2 &
» Accumulation Buffer?| Rendering 218 & &

=8 20 U= =A =Bl Artifact &

> AT

» Alpha Blending2 0|83l S4&& &2}
alpha = lerp(1 - opacity, 1, refraction_depth < water_depth)

outColor *= 1 / alpha



Water Rendering

Refraction Artifact



Water Rendering

Refraction Artifact Removed By Alpha Blending



Water Rendering

¢ Refraction Caustics
» Normal Map0l| ZtEtet H4kS Solf Pattern Texture & =
float2 refraction = refract(light_dir, normal, refraction_index) * 0.5 + 0.5
caustics = tex2D(Pattern Texture, refraction)

» Pattern TextureOl| 2|3} CausticsQ| HE} 7} 4 A =




Water Rendering

Without Refraction Caustics



Water Rendering

With Refraction Caustics



Water Rendering

¢ Scattering
» Wave Height, Eye Direction, Light Direction0f| 7|28t Heuristic
» Vertex Displacement@} O{ £2{& Dynamic®t HE
» nVidia Direct3D 11 SDK & 11



Water Rendering

Without Scattering



Water Rendering

With Scattering



Water Rendering
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