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eQverview

eRendering Pipeline
« Model Rendering
e Shadows
e Lighting & Post Effect
o Optimization

eAutomatic LOD generation
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Forspoken

e An open world game for
PS5 and PC.

e Follows the journey of the
protagonist, Frey, who Is
magically transported to the
vast land of Athia.
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MATURE 17+

PS5 development footage. Subject to change.
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Our Game Engine

l, LUMINOUS ENGINE”




Basic Rendering Features )
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e Terrain rendering « Physical Sky /
e Curve model rendering /

o Volumetric light(Fog)
e Tile-based light culling

« Physically based rendering > Viellimeile Slomek
« Cascaded shadow maps o Auto Exposure

e Punctual light shadow maps e Color correction

e Screen space shadows . Depth of field

e Ray-traced shadows
o Procedural sky

« Specular light probes o Glare

e PRT volumes e Lens flare

e Screen space ambient occlusion Temporal anti-aliasing
e Ray-traced ambient occlusion

e Motion blur

o Wide-gamut rendering
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Basic Rendering Features -

LUMINOUS ENGINE™

o Graph-based shaders
e Graph-based VFX

MotionNormal

UselifeCurvefade(d)
adelt

RampValue
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>

LUMINOUS ENGINE™

Basic Rendering Features

nold  LP

« Maya material e ————
plugins

haderClassl.cis)

Load Attributes CopyTab

Hldia 4P pivIm
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Shading

e Lambert diffuse

e TOrrance-Sparrow specular
o« GGX Distribution term
e Schlick-Smith Visibility term
e Schlick Fresnel term
e Multiple scattering BRDFS  isteprents

e Roughness/metallic/specular control

e Deferred rendering
o Forward rendering for transparent or special BRDFs
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AMD FidelityFX a0

o« Combined Adaptive Compute Ambient Occlusion (CACAQO)
e Screen Space Reflections

e Downsampler

o Contrast Adaptive Sharpening

e Super Resolution

e Denoiser

« Variable Shading March 23 17:00-18:00
— > Breaking Down the World of Athia:

The Technologies of Forspoken.
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RSPOKEN
Model Rendering
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Render Pipeline

Z-Prepass —GBuffer —Decals —Shadows

1Lighting —{SSS/Skin2nd —{Water —{Fog/Clouds

| Transparent Post Display

— — Ul "

geometries Effects Mapping
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Z-Prepass

e Reduces overdraw by only drawing depth before
GBuffer pass.

e Only opaque objects near the camera are drawn.
Excluding:
e Distant objects
o Cutout objects
e Dynamic objects
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GBuffer

Format R G B A

RTO | RGBALGF or Emissive/Lighting -
R11G11B10
RT1 | R10G10B10A2 Octahedral Normal Roughness(8) Flags
Flags(2)
RT2| R8G8BS8AS Albedo Occlusion
RT3 | R8GS8BS8AS BRDF parameters Specular(7)
(depends on Flags in RT1) Indoor(1)

RT4 RG16F Velocity - -
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GBuffer Normal Precision

o 24-bit (12-bit octahedral normal encoding) was used
previously, but 20-bit yielded sufficient results.

Format R G B A
Old R8G8B8AS Octahedral Normal Roughness
RT1
NS
Format R G B A
RT1 | R10G10B10A2 Octahedral Normal Roughness(8) Flags
Flags(2)
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GBuffer -BRDF Parameters-

e Special material BRDF parameters

Usage(RT1 flags) RT3.r RT3.9 RT3.b
Default Metallic - :
SKin (Metallic) Hue shift SSS Strength
Hair Tangent 2nd specular
Backscatter Thickness Hue shift Distortion(4)
Ambient(4)
Terrain Blend Metallic Blend rate -
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Position Precision

e Particular attention paid to position precision In
order to generate a vast world
° MapShlft

e Resets the coordinate system to (0,0,0) with respect to the current
camera position

e Reversed-Z [NVIDIALG]
o Dramatic improvement in the precision of distant views

e Improved matrix computation
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Matrix Computation Improvement

Vertex' = ProjectionMatrix *[ViewMatrix * WorldMatrix}n< Vertex

e NO View Projection matrix Is used

o Calculate only the translation of the View first, and
keep the calculation of large values and the rotation
components separate
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Removing Big Translation Values

VlewMatrlx * WorldMatrlx * Vertex OB'Q values
UOOU01U02 U03 WooWo1Wo2Wo3 .X' (Ve Vy, V) = ViewPosition
. V1o0V11V12/V13 W1oW11W12W13 y
| V20V21V22V23 WooWo1WaaWasl | | Z
0 0 0 1T 0 0 01 J |1
" VooV01V020 | [ woowoiwoa (Woz—Vy) | | x
- V10V11V120 W10W11W12(W03—V31) y
V200217220 WooWo1Wa2 (Wo3z—V;) Z
] 0O 0 0 1 410 0 0 1 _1_
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Matrix Computation Improvement

e The View Projection matrix in the shadow pass
caused shadow flickering.

e Velocity precision (TAA and motion blur) was also
affected.




Graph-Based Vertex Shaders

e INn the shader graph, there are position outputs In
local space and view centered world space.

"Gsample_deform

BaseColorOTexture(a)
UVScale(f2)

(f3)BaseColor
T ecare (fiMetallic
BaseColor0(f3) [BaUghnesspTexture (Roughness
MetallicOTexture(a) STET R (f)Specular
MetallicO(f) - ()Occlusion
UVScale0(f2) et Taxtur (f3)Normal
RoughnessOTexture(a) ()lOpacityMask
Roughness0(f) (f3)Emissive
UVScalel(f2) (f3)DeformPositionlS
SpecularOTexture(a) (f3)DeformPrevPositionLS

Specular0(f) y— (f3)DeformNormalLS Local Space
UVScale2(f2) —— ; (f3)DeformTangentLS
NormalO(f) = — — (f3)DeformPositionWS_MinusView > and

NormalOTexture(a) Q" : (f3)DeformPrevPositionWs_MinusView VIeW Centered WOrId Space

UVScale3(f2) — (f3)DeformNormalWs
EmissiveColor0(f3) . (f3)DeformTangentWsS
EmissiveColorOTexture(a) (b)IsActiveDepth
UVScale4(f2) 7 (b)IsActiveOpacityMask
Occlusion0Texture(a) (b)IsActiveEmissi
Occlusion0(f)

‘BaseColoroTexture
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Luminous Hair

e A hair rendering system that utilizes billboards that
are guided by the curves

Updated curves Curve to polygon
(Compute shader) (Vertex shader)
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Luminous Hair

o Curly/wavy hair
e Hair thickness

o Attributes
from the scalp

e Ornatrix Hair
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Luminous Hair

e SImple polygon hair for NPCs

e Using compute shaders on hair for a large number of
character Is too costly.

o Luminous Hair delivers better-quality results, but at a higher
polygon count.
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Terrain Blending

e Blending static models and terrain.
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Terrain Blending -GBuffer-

e Store terrain blend rate in GBuffer pass
Usage RT3.r RT3.9 RT3.b

Terrain Blend Metallic Blend rate -

Draw GBuffer and blend rate

N

Z-Prepass —GBuffer —Decal ——Shadow |—
2\

Blend terrain
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Terrain Blending -Blend Rate-

GBuffer

blend rate g - Orviginall"-al"bedo} ; original normal

Terrain-blended
GBuffer

oty blended a|bed0 : blended normal
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Directional Shadows

o Four 2048x2048 cascaded shadow maps are used to
generate shadows across a broad area.

o Opti’mlzed usmg Static Shadows and Screen Space Shadows
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Static Shadows

When a static shadow is updated: Every frame:

/"\

T -

> -
\ \ y

A static mesh Is drawn onto A static shadow map is used A dynamic mesh is drawn

Qe static shadow map. / @ear the shadow map. onto the shadow mapj
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Screen Space Shadows

e Post effect shadows generated using ray marching

e Used for grass models
o Effective for fields with a lot of grass
e Pixel shader Is used for cutout models

o Static shadows are excluded since grass Is a dynamic
object

e GPU performance isn’'t dependent on the number of models
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Screen Space Shadows - on -
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Screen Space Shadows -off-
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Hybrid Ray-Traced Shadows

e Hybrid ray-traced shadows with shadow maps
e BVHs are created for models in the near view
e Inline ray-tracing

o EXxclude cutout models
o Skip closest hit shaders
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Hybrid Ray-Traced Shadows

Ray-traced shadow
for opague objects

Shadow maps
for cutout obje

Shadow maps
cts for opague objects

|

|
Camera |

|

Ray-traced shadows

Shadow maps
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Hybrid Ray-Traced Shadows

e Pre-create a mask in areas where ray-traced
shadows are used

e Cast rays In Mask< one pixel




Hybrid Ray-Traced Shadows - on -
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Hybrid Ray-Traced Shadows - off -
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Hybrid Ray-Traced Shadows

e One ray per frame
e Denoiser Is used to smooth out the image




Hybrid Ray-Traced Shadows - Denoiser on -
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Hybrid Ray-Traced Shadows - Denoiser off -
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Hybrid Ray-Traced Shadows - Denoiser on -
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Hybrid Ray-Traced Shadows - Denoiser off -
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Ray-traced Ambient Occlusion

e Similar processing flow to ray-traced shadows

e Applied to the near view only
e Pre-create a mask

e One ray per frame

e Denoiser
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Ray-traced AO - on -
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Ray-traced AO - off -
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Precomputed Radiance Transfer (PRT)

e Diffuse ambient light using uniform grid probes of
Spherical Harmonics(9 coef)
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PRT - Baking -

Use ray-tracing for bakin
’ y J J s o/ |0
L ®* @ O ©
e Create cubemaps with light bounces
o Convert cubemaps to SHs ¢ oo o
o Sky visibility SH ® valid
e Punctual light SH @ invalid

e Probes located inside polygons are deemed invalid

o Check for differences in depth images rendered with/without
backface culling
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PRT - Baking -

e Available bake options:

a. Shift bake positions o a.Shift

b. Fill in invalid probes * 0 O o
with neighboring valid probes °c 0 O o

c. Blur adjacent valid probes ® (6 O o

March 21-25, 2022 | San Francisco, CA  #GDC22 © 2022 Luminous Productions Co., Ltd. All Rights Reserved. GDC



PRT - Baking -

e Baked on the server on a dally basis

I: :

< C A RESNTWENESRE | o B oL B2

r @ FEr-vavau X

- « C A BESNTVEVES | Qa 2 % B 2
Qaz
Jenkins Automation EfUo—F#on
4 FvaR-BENED ‘
e -~
S HALSA> |
QO e
_— W
= EEEE el /60,49
& Build Review |SubPackage root_main|
- AutomationJob_ LightProbe #10434 AutomationJob_ _LightProbe #10437
() Failure Causes > » @, QUEUE
o @ AutomationJob_ LightProbe #10436 @ Automati
@ AutomationJob_ _LightProbe #10433 @ AutomationJob_ _Ligh
Bl RIEE #i5 = @ AutomationJob _LightProbg
| @AutomationJob_ _LightProbe #10435
| [find 3 21 Jump to
@ #0474 o
(pending—Waiting for next available executer on ;
‘Platform_PC&&Server_LightProbe&8& ) o
- E
) #10473 €
(pending—Waiting for next available executor on
‘Platform_PG&&Server_LightProbe&s ) .
| »
s BJL RESRD#HS
I @ #0472 .
S . 240 I |
| (pending—Waiting for next available executor on ELE PRENR Agent |
| Platform_PC&&Server LightProbedsa ) 2 #10444 45 11 1 Lt Smith11_lightmap 220 | | |
L 2 #10443 585 Mt Smith10_lightmap 200
) #10471 @ #10442 1 BRI 85 Smith11_lightmap
(pending—Waiting for next available executor on @ £10441 285f5 144 Smith10_lightmap 180
} ‘Platform_PC&&Server_LightProbe&& ) @ £10440 2E5R516%)  Smithi1 lightmap 180
- @ #10439 495 Smith10_lightmap
& #10470 140
| (pend G " o o @ #10438 105 Smith10_lightmap
pending—Waiting for next available executor on 2320
Platform_PC&&Server_LightProbeasd _ ) @ #10437 182057 Smith10_lightmap A
2 @ #10436 1685237  Smith10_lightmap 100
O #10469 @ #10435 3B5RG357  Smithi1_lightmap .
(pending—Waiting for next available executor on @ £10434 525 Smith11_lightmap
‘Platform_PG&&Server_LightProbe&s ) @ £10433 18219  Smith10_lightmap 60 TH
£ @ £10432 1 BE505 R I BNV BN R E—
‘ () #10468 @ £10431 18R 529  Smith10_lightmap
\
(pending—Waiting for next available executor on @#10430 18369  Smithil_lighimap =
‘ ‘Platform_PC&&Server_LightProbe&8& _ ) @ 10420 28R36%  Smith10_lightmap o .
8 @#10428 18RI8%  Smith11_lightmap ggegegEEE8EEBEEaaaagaaaaa
R ow R owom R R R omoRowow o
@ #0487 @ #1047 239 Smith10_linhtman 7| (2582600 ¥ 251“'00,

March 21-25, 2022 | San Francisco, CA  #GDC22 © 2022 Luminous Productions Co., Ltd. All Rights Reserved. GDC




PRT - Placement -

e Place volumes as entities.
e SOrt by a priority value.
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PRT - Culling -

e Frustum culling
e Cluster culling

Volume2

Volume0 Volume? Volume3
Volume4
high prioirty A y/61ume0 Volume0 Volume2 Volume4
Volume1 Volume?2 Volumel Volume3
o Volumel
low prioirty vy

e Sort In each cluster
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PRT - Updating SH -

March 21-25, 2022 | San Francisco, CA  #GDC22 © 2022 Luminous Productions Co., Ltd. All Rights Reserved. GDC




PRT - Sampling -

o Calculate weights based on valid probes
o Masking with indoor flags (GBuffer RT3.a)

e FOur extra obstacle planes can be placed
O

Indoor flag
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Specular Correction

e Scales IBL specular based on irradiance volume values
e Specular IBL probes are not as dense as Irradiance volume probes

Similar approach: [JT16]
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Specular Correction

e Store SHO In the last mipmap (1x1) of each IBL In
advance

SHO in PRT
SHO in IBL

Corrected IBL pixels = IBL pixels ™
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Specular Correctio
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Specular Correctio
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Volumetric Cloud

e Ray marching-based cloud rendering  [FABIAN19]

e Ray march weather maps and noise textures for distant
clouds

e Create a frustum voxel grid for clouds in the near view
o Temporal sampling
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Clouds and Transparent Objects

e EXport depth values when the density reaches a
certain level.

a= 0.0 033 066 1.0
'
CJd———

store depth
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Clouds and Transparent Objects

e LOocate two nearest points on the depth and use
their corresponding alphas for interpolation

a= 0.0 033 066 1.0
I

()a—
R

Lr L Lg
Z_Zr

Polygona =1 — ( * 0.33 + a,) o, = 0.0

Zg—Zy
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Clouds and Transparent Objects




Wide Gamut

o Changed the rendering color space to Rec2020(D65)

Textures | Textures like IBL | Color Values

(Rec709)  (Rec2020) (Rec2020)
R T .
< l l 4 l D|Sp|ay Runtime
_ _ POSt Mapping Rec709 or
GBuffer riLighting Ul + — Rec2020
T Effect Color space | | '™Mage
' I T I Conversion

BC Textures(Rec2020)
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GBuffer Sort Keys

e What we want to achieve:

e Reduced overdraw
o ADbility to draw the same-state objects at the same time

March 21-25, 2022 | San Francisco, CA  #GDC22 © 2022 Luminous Productions Co., Ltd. All Rights Reserved. GDC



GBuffer Sort Keys

//
« Categorize objects into four <
z-blocks D =
o B
e Draw objects in z-blocks @

from near to far

o Instanced drawing for objects with the same
material and mesh

e Draw objects rendered In Z-prepass last
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GBuffer Sort Keys

// 64 bits: |-—— priority 4 bits —|—— z block 2 bits ——|—— stencils 8 bits ——|
// — material id 16 bits —|— material flags 4 bits —|— mesh id 16 bits —|
// — depth 14 bits —|

key = (priority & Oxf) << 60;

key |= (zRangeBlock & 0x3) << bh8;

key [= (stencilBits & Oxff) << 50;

key [= (materiallD & Oxffff) << 34;

key |= (materialFlags & Oxf) << 30;

key [= (meshID & Oxffff) << 14;

key |= (depthl4bit & Ox3fff);
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Async Compute

o Executed In parallel during the geometry stages

Main view depth is fixed

GBuffer Y Shadow maps *Lighting ——

Bone Update| |Sky Volumetric Clouds
Hair Update Cubemaps BVH Update

Wind SS shadows ||SSAO
GPU particles Light Culling,Update

March 21-25, 2022 | San Francisco, CA  #GDC22 © 2022 Luminous Productions Co., Ltd. All Rights Reserved. GDC



Variable Rate Shading

e Used In the VFX and lighting stages




Lighting with VRS

e Lighting Is done with vertex and pixel shaders due to the use of
stencil masks

« VRS Tier2 (VRS tile)

g

VRS tile
Red=1x1, Green=2x2

Previous lighting

| FidelityFX ‘ i .
Variable Shading nghtlﬂg
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VEX with VRS

e VRS Tierl (fixed sample rate) is used for VFX

o Works well with VFX where the pixel shader tends
to be a bottleneck
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VEX with VRS

e SOft particles cause jagged edges
o Used 2x2 VRS instead of 4x4 VRS.

4x4(no AA) 1x1(no AA)
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LOD Workflow

o What artists want:
o Auto-generated LOD models.

i A
s
X s >
y d
%

it S

' Q""f‘ \;ﬁ%m;”
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Automatic LOD Generation

e Focus only on mesh reduction
e NO material combining

e Run Simplygon reduction on the server
[SYMPLYGON]
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LOD Workflow

Artists control Automation

/LOD Servers}

Auto-generated

Model LOD1.2,...
/

/
Runtime Model 1OD0 12

Lod Settings

Original
| ODO |Model
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LOD Setting

e Reduction settings can be specified in detall for
each file

e Specify screen height threshold for individual LOD

[LodConfig]
DesiredLevels=3
PreserveSymmetry=0
RepairinvalidNormals=1
[Lod1]

Threshold=0.6

[Lod2]

Threshold=0.36

[Cull]

Threshold=0.02 Sample LOD settings
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Handcrafted vs. Auto-Generated LODS

o Allow artists to handcraft LODs halfway through and
auto-generate the rest

o Adjust the distance setting for auto-generated LODs
while leaving it intact for handcrafted LODs

LODO LOD3
LOD1 % L OD4
LOD2 - |LOD5

Original Model Auto-generated Model
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What worked well

e Props e.qg. pots, rocks
e Characters (except for hair)
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What didn’t work well

e Buildings consisting of many elements e.g. windowsil
e Polygon cracks caused by unadjusted LODs

e High-poly models with multiple meshes
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Auto-Generated Imposter LODs

e IMmposter textures are baked using the game

e No longer used for tree models due to the imposter shader
running slow

T
T
11T 11107

Tttt
T
THTTTTITIT

TYTTTTYTTTT?Y
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Auto-Generated VFX Emitter Mesh

e Auto-generated the VFX emitter mesh using
"Remesh” to ensure consistent polygon density

original ~ For VFX emitter
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Summary

e Render Pipeline

e Model Rendering
e Shadows
e Lighting & Post Effects
o Optimization
o Automatic LOD Generation
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