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Volume Rendering Introduktio

Absorption, Scattering and Emission

Absorption Scattering Emission

O a = absorption coefficient O s = scattering coefficient
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Volume Rendering Introduktio

Scattering

In-scattering Out-scattering

O(®h) AD BN

Ab@Bh) ,@®R) QBAR O BA A AD AD(@®h) , (Bh)D BR AD

"QBh h = phase function
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Volume Rendering Introduktio

Phase Function

A Isotropic phase function
Light is scattered equally in all directions

A Henyey-Greenstein (HG) phase function
Approximation of the Mie phase function
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J gang Py P | ] Plot of Henyey-Greenstein phase function

with different g values
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Volume Rendering Introduktio

Extinction and Transmittance

T(p — p') = exp (— /Odot(p + wt, w) dt)
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Volume Rendering Introduktio

Volume Rendering Equation

L(p',w) =T (p —p')L(p,w) +

| - g

reduced radiance

d
/ T(I) — pt)aa(ptaw)Le(ptaw)dt =+
0

N _—

accumulated e;nritted radiance

d
/0 T (p — pt)os(pt,w) ( o fp(Pt,w,w’)L(pt,w’)dw') dt

N 4

accumulated in-scattered radiance
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Volume Rendering Introduktio

Volume Rendering Equation

\ ey )
L(p,w) iTp—>p debt=D‘Emcf
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Volumerenderingintroduction

Volume Rendering
AA lot of integrals

ANo analytical solution for inhomogeneous media

AApproxi mati on

Single scattering

by

di scr et e

Multiple scattering
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Volume Rendering Introduktio
Ray marching

ASingle loop per ray
AAccumulate transmittance and in-scatter
AUse energy conservative integration from [Hillaire15]

el
Single scattering

Multiple scattering
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Volume Rendering Introduktio

Froxel Volumes

AFroxel -> View frustum voxel
[Wronskil4] [Hillairel15]

/
AClip space 3D textures as cache for /;//
media and lighting ;%24%%
ALow resolution e.g. 160x90x64 .' %ﬁ fao e e |7
ACompute media properties and E%E;;%
lighting for each froxel in parallel ii\\
Alntegrate froxels along depth and ~ T
\

store result per froxel
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Motivation
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Unlock The Ancient Spire’s Knowledge

Previous Implementation
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Motivation

Previous Implementation

APrevious implementation presented at GPC 2024 [Feller24]
ASupported different volumetric medias

AFroxels for near-field

ARay-marching for far-field

AComposed clouds and precomputed atmosphere on top
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Problems with Previous Implementation

AMissing flexibility
AQuiality did not match our expectations
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Motivation

Design Goals

Alncrease flexibility

~ _AUnified solution for different media including clouds
AProved difficult due to different visual requirements and scales
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Data Model
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Data Model

Voxel Fog - Models and Instances

AFog models
AArtist driven high resolution voxel models
ADown sampled to 16 meter voxels
AStored as sparse 16”3 tiles with half voxel border on each size
A Store signed distance and density

ABlock compressed (BC4 density, BC1 distance scalar encoding
[Schneider23])

ATiles with uniform density stored as single value
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Data Model
Voxel Fog - Models and Instances

AFog model tile atlas
ARuntime cache of required tiles
A Signed distance texture (BC1)
ADensity texture (BC4)

Alnstances could be placed freely within world boundaries
AReference to single fog model
AMedia material
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Data Model

Voxel Fog - World Volume

ACovers the entire playable area

ATile atlas with 1673 voxels per tile
AHalf voxel border on each size for seamless trilinear filtering
A Effective size of 15”3 voxels

AMultiple block-compressed layers
ABCL1 distance field (Bc1 scalar encoding from [Schneider23])
ABCS5 density and extinction
ABC3 scatter albedo and detail noise type

AContent updated on the GPU
ACompute shader with runtime block compression

’
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Data Model

Voxel Fog - World Volume

AResolution is 43 x 13 x 43 cells
AEach cell covers 24073 meter in the game world

AR16_uint texture format
A 15 bit tile address
A1 bit empty flag

AManaged on the CPU

AlIndirection texture is updated once the frame
AAllocate and free tiles during indirection texture update
ASchedule GPU update for dirty tiles

AReuse identical uniform tiles
™

E’ Graphics Programming Conference, November 18-20, Breda 202 5




Data Model

@ Graphics Programming Conference, November 18-20, Breda 202 5



. Data Model

Voxel Fog T Barrier

ALimited to 64 meters around ca"

Al meter resolution

A128x128x128 signed distance field texture
AR16G16_snorm w

lace

AR: Distance to dangerous fog ints
Distance to deadly fog interf

ARuntime generated on the GPL
AFast Hierarchical 3D D|5§ |
AFollowed by single jump flood ps

AAs a bonus we get ground fog in

]
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Data Model
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Data Model

Atmosphere and Weather

o
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Data Model

Atmosphere

APrecomputed sky transmittance

A2D LUT parametrized by height and zenith
angle

ded to determine sun and moon color

1 oll __tmosphere
E%; sun and moon lighting calculations | {

R _ &

a | b

=¥l 1NE

ey,

>

@ Graphics Programming Conference, November 18-20, Breda 2 o 2 5



Data Model
Aerial Perspective and Height Fog

AAerial perspective

A Same math and coefficients as
sed for atmosphere LUT
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Data Model
Clouds

ARendered at runtime by weather system
AMultiple cloud instances rendered into cloud map
AArtist generated density and height textures
ATiled and non tiled clouds

- A Spherical distortion to simulate curvature of earth
AR16G16 cloud density and height
~ ATop down projected 1024x1024 texture
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Rain and Snow Fog

AFog below clouds where it rains or snows

A512x512 texture with R16G16
AR: Density
Max height

- ATop down projected
ACovers the entire
ARuan -71 ’" o §

ADerl ;'_E'J ys clo :CI ain map

oJe .“ | VOIC 0@ In buildings or

/ ’Al >
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Data Model
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Data Model
Walter

ASparse signed distance field
AFully dynamic
AGenerated from water simulation

AFirst view ray intersection with water surface rendered into
screen space texture

AMore in GPC 2025 talk fAwater Si
Enshr oudedo StemglerandAndreasiMantler
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Data Model

A
Name
v ‘ volumetric_fog3_detailnoise: Vc
size
mode
v whisps
firstOctavelLog2
octavesCount
curl
bias
scale 1.0000
roughness 0.1250
contrast 2.0000

firstOctaveLog2

octavesCount

bias 0.0000
scale 15000

roughness 0.2500

contrast 0
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Scene Irradiance

Volumetric shadow
volume

Fog and aerial

perspective Intermediate

Water shadow map

Clouds

Water
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RenderPipeline
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RenderPipeline
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RenderPipeline
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RenderPipeline
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RenderPipeline- Fog
Fog
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