Shading the World of Anthem

Ben Cloward
CG Supervisor
Bioware
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Shader Challenges

Diverse environments

Dynamic weather system Day/Night cycles
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Video showing dynami
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Video showing day/nigntcycie



Steps to Solve Shader Challenges

® Collect reference material
® |dentify key elements - the essence

® Create the shader step by step based on the key elements



Shader Examples from Anthem

® | ava

® \\\eather

® \\\/ater






| ava Reference
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| ava Key Elements

® [olds and wrinkle shapes
® Molten vs hardeneo

® Yellow, orange, red gradient
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Photogrammetry [rip
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Source Textures
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P MixOut ¥

Input RGB

P Vertexinput ¥
InputName: texCoord0
QOut

P Lavascale B3

AmbientOcclusion
Base(Color
Normal

Out G
Smoothness

'Texhl'e'.i
Texture: lava_flow01_misc

Coord Out

P subtract ®  ” TransformPixelNormal2 2

-«

¥ MixOut4 ¥

T
Normal
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'TextureZ n
Texture: lava_flow01_diff

Coord Qut

P MixOut ¥

Input RGB
A

P Vertexinput ¥

InputName: texCoord0
Out

'I.avaScale n
Out

P Muttiply 3
Inputl Out
Input’

AmbientOcclusion
sl

BaseColor
Normal

‘ Reflectance
Smoothness

'TexlureS n
Texture: lava_flow01_misc

Coord Out

¥ MixOuts ¥ P Muttiply20 ® P subtract ¥ P TransformPixeiNc
Input RGB Inputl  Out Inputl Out

4
. ) Instance K3
'l-ava"'e'ght n Shader: linstep 'COMPlell'leﬂ'B ﬂ
Qut Input Out Input ut
Max
¥ LavaMinHeight 2 i

Out






'TexhnreZ n
Texture: lava_flow01_diff

Coord QOut

P MixOut ¥

Input RGB
A

'Vettexlnput v
InputName: texCoord0

Out 'Multiply Ed

Inputl Out
¥ Lavascale E3 e
Cut

AmbientOcclusion
BaseColor

Normal
Reflectance

Smoothness

'TextureS n
Texture: lava_flow01_misc

Coord Qut

P MixOut4 ¥

P Muttipty20 ® P subtract ® P TransformPixeiNormal2 £2

input RGE - Out iﬂpU'H Out Normal

B " Multiplys ¥

Out Input1l Out

P Comp

input

lement
~

'lnstanceZ
Shader: BnghtnessContrast

|ﬂQut

Padd B2

Inputl Out
Input2

Add more detal

v Instance n

Shader: linstep

Input Cut
Max

¥ LavaMinHeight &2 gl
Out

P LavaHeight K3
QOut

P Complement3 £2







| ava Color Gradient




'Vertexlnput v
InputName: texCoord0
Out

'I.avaScale Ed
Cut

¥ Muttiply £
Inputl Out
Input2

'Textumz
Texture: lava_flow01_diff

Coord

Qut

~ Color Gradien

Input RGB
A

P Lerps
|t’|0...ﬂ
|t'|Q...t2
Delta

Texture: lava_gradient

Coord Out

’ AmbientCcclusion
BaseColor
EmissiveColor

. Normal

Smoothness

P MixOutd ¥
Input RGB

P Complement " Multiplys ¥

Input Out Inputl Out

Padis B 7 Multipy7 £

Inputl Out Inputl Out
Instance2 b4 Input2 ' Input?
Shader: BnghtnessContrast

Inputl Out
Input2

'lnstance n

Shader: linstep

'Complemenﬁ kd






P Texture2 2
Texture: lava_flow01_diff

Coord QOut

'I.erpS &
Inputl Out

Input2
Delta

P MixOut ¥

Input RGB
A

'Texture4 n
Texture: lava_gradient

Coord Qut

P Vertexinput ¥
InputName: texCoord(
Out 'N'""ip'y bd
Inputl Out
Input2

AmbientOcclusion
‘ BaseColor
Inputl  Out EmissiveColor
Input2 Normal
. Smoothness

'I.avaScale n
Out

'TextumeS n
Texture: lava_flow01_misc

Coord Qut

P MixOuts ¥

Input RGB S 7
P —

P Complement B 7 Multiply5 ¥

Input Out Inputl Out

Pragss B 7 Multipy7

Inputl OQOut Inputl Out
' 4 P e
Instance? v Input2 ’ Input?

Shader: BnghtnessContrast

Padd @ wmuitiplys
Input1l Out Input1l Out
= |nput? > Input2

—age Mask

Texture: river_center_gradient

'Vertexlnputz (] P Texture

InputName: texCoord0

'Power.

O Default Out Coord Out Value Qut

7
P LavaHeight @ 7 Muiltiply3 3 sﬁfﬁipn

Out 5 Inputl Out Input Out

|ﬂp‘u’t2 Max
¥ LavaMinHeight 3 Min
QOut

'Complemenﬂ &d







-low Maps!

“ j-\,.;_r’ h “Ihe basic concept Is to

“ ’ . use an image, the flow
image, to push around
JPIYITI o alala te & h N |q ues tO V the UV values of a source

oblle games image. We can think of

the flow map as a
mapping of the different
vectors, such as direction
and magnitude, and then
use them intelligently to
create the desireo
motion.”

Understanding the flow-map and its applications

Shaoyong (Abel) Zhang
VFX Artist - NetEase Games
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-low Map UVS

"Multipy2®  subtracc ®  "aps 2
Input1 Out Input1 Out Input Out UVblend

'Vertexlnput n
InputName: texCoord0

O Default  Out " Muttipty 3 -
Add2 K3
Input1 Out
e  UVScale Input? Multiply3 &3 Input! Out uv1

'Fraction ﬂ
Input Out

. Input1 Out Input2

; e Input2
VT ER v

4 4 'MultiplyAﬂ Input1 Out uv2
'Muhiplysﬂ Add ! Fractionzﬂ s Inputl Out Input2
Input1 Out Input1 Out Input Out Input2

- UVSpeed Input2

o FlowVector



'Textu re2 v |

Texture: lava_flow01_diff

Coord Out
. Plepz B " Mixout ¥ Preps G2

Input1 Out Input RGB Inputl Out
n ’ |l‘lput2 A InputZ

Delta Delta
'Textnre4 n
Texture: lava_gradient

Coord Qut

Texture3
Texture: lava_flow0O1_diff

¥ Instance3
P FlowTexture W] 'Mdtiplylo B shader Flowuvs W@ AmbientOcclusion

Out nput] Out FlowVector JV1 . BaseColor
nputd JV2 “ Inputl  Out EmissiveColor
UVblend 3\ 5 Normal

Smoothness

P Muttiply20 ¥ P Subtract ® P TransformPixeiNormal2 £3

Inputl Qut Out Inputl Out Normal

Inputl

P Complement & 7 Multiplys ¥
Input Out Inputl Out

Pragss K 7 Muttipy7 @
Inputl Out Inputl Out
Input2 Input2

'lnstanceZ
Shader: BnghtnessContrast

Animated Lava

'VertexlnputZ [N P Texture £

InputName: texCoord0 Texture: river_center_gradient 'Pm .
O Default Out Coord Out Value Out

Padd @ "muitipys @
Inputl Out B Inputl Out
= nput Input2

v Instance K3

P LavaHeight B 7 Multiply3 2 ¥ Complement3 £2

Shader: linstep

| — ut & Inputl Out Input  Out
Input2 Max
P LavaMinHeight 3 Min

QOut
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Dynamic Weather
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Dynamic Weather Key eElements

® \\etness - darken or smooth
® Rain drops on horizontal surfaces
® Rain drips on vertical surfaces

® Puddles - Wind and drop ripples




'Mixln .
R Out

Smoothness In

Wet n e S S 'WaterSmoothness ﬂ

© Reflectance In

Smoothness Out

'Lerp v " MixOut v
Input1 Out Input R

" Mixin2 Input2 G
Delta

Reflectance Out

'WaterReﬂectance ﬂ
Out

'l.erps b

Input1 Out

Input?2
'Saturatez n 'Multiply ﬂ Delta

Color  Out Input  Out Input1 Out
Input2

® BaseColor In BaseColor Out

'Instance

Shader: Desaturate

'WaterColorMult n

Out POrous surfaces become
darker and more
saturated.

Y S e 'Multiply6 ¥ " Saturated4 kd " Max2 kd

Input1 Out Input  Out Input1 Out ‘mpermeab‘e SurfaCeS

® WetMask

Input2 Input2

pecome smoother.
o DropAndPuddleMask



Rain Drops

ornmal A\j-; P
v-v--u-v -“v‘




" Texture v
Texture: RAIN_drops v Multiply9 . 'Subtract .

XZPosition Coord Input1l Out Input1l Out

" Multiply12 3
Inputl  Out DropNormal

Input?2

Animated Drops

'BIueChannel n
Input Out

¥ Time2 B e

Subtract2 n 'Fractionz n

Input1 Out Input  Out
Input?2

" Multiply10 K3

'Saturateﬂ Input1  Out Input1 Out DropMask
Input Out Input? Input?2

& AlphaChannel &4
Static Drops

" Multiply11 ® | saturate2 3
Input Out Input  Out

'YComponent v " saturate3 n 'Multiplys v

® WSGeomNormal Input Out Input  Out Input1 Out
Input2

° IsRaining






'lnstancez |
Shader: rain_puddle_wind_nipples ° Normal 'I.e n
PuddleNormals_Out " Add3 v =
Input1 Out Normal_Out
'Instance n Out

Input Input2
Shader: Rain_Ripples Input2 Delta

Rainintensity RippleNormal
* WorldXZCoords WorldXZCoords

® Rainintensity

Only draw puddles on flat surfaces that face up.

'YComponent & 'Saturate n 'Power -
L WSgeomNormal Input Out Input Out Value Out

Only draw puddles in areas masked by the texture.

"Muitipty2 B " Muktipiy4 B | Saturate2 3

'Swizzle v | 'Texture n 'linstep n Input1l Out Inputl Out Input  Out PuddieMask_Out
"Position @ Mask 2 FMuttipy B Texture: Clouds " SelectComponent 3 " Complement £3 P inpute

Out Input Out Input1 Out Coord Input QOut Input Out Input QOut

Max
’ Min

Shader: linstep

. SkyVisMask_In

Puddle Size
'I.erpz N |
"Wetness ] " RedChannel £ " Muttiply7 ® | Saturate3 3 Delta Out

Out Input Out Inputl Out Input  Out

Delta Out



Rain Ripples

Input Data

@ Base Color
O Metallic

O Specular
O Roughness

O Emissive Color

@ Normal
O World Position Offset

» (T11stom at '

O Ambient Occlusion

'.l;.[.- 16N

O Pixel Depth Offset



Create four unique time offsets so that ripples happen at different times.

"Time§ | Multiply K3

P ) "aia @ “wuitipyz @ 7rraction @ 7 mixout ¥
npu

'TimeMuln Input1 Out Inputl Out Input Out Input R

Input?2
Out " TimeAdd e :
Qut

Ripples

Sample the ripple texture four times using the unique
times, texture coords, and weights.

G
B
A 'Instance n

Shader: Rain_Ripple

Create four unique texture coord offsets so that the ripples are Time RippleNormal
randomly placed and sized. UV

rippleWeight
"Add2 ¥ | Multiplys ¥
Uity 'Instancez
Input2  Out Input1  Out Shader: Rain_Ripple

'Script n

k.ip;ple1 Out RippleNormal

Ripple2
Ripple3

Ripple4
¥ " Multiplys ¥ | Weights

Input2 Out Input1l Out

® WorldXZCoords

'Instance4
Input2 Out Input1 Out Shader: Rain_Ripple

Time RippleNormal

Create four intensity variations so each ripple group's weight depends on the overall intensity. rippleWeight

“subtract ® | Multipy3 ® | saturate§ | Mixout2 ¥
® Rainintensity Input1 Out Input1 Out Input Out Input R

See Sébastien Lagarde’s blog for TONS of details!






Normals
'Instance n l I ‘ b ;
Shader: Normal Blend Delta

. Normal In .-——'Saturatez ﬂ BaseNormal Normal 'Instance3 n

Shader: Rain_Puddles

Input  Out Delta
H DetailNormal Normal Normal_Out Normal Out

> Rainintensity PuddieMask_Out
VertexNormai2 3 /8 SkyVisMask_In

Out WS5geomNormal
WorldXZCoords

. IsRaining_In

¥ swizzie2 E3
'Posiﬁonz n Mask: xz

Out Input Out

Drops

4 nctanceld ® MetalMask In MetalMask Out
v Shader: Architecture_Rain_Drops 'lnstanc.e‘lo ﬂ BaseColor Out
VertexNormaln IsRaini D Mask Shader: Rain_Wet
sRaining ropMas !
Out WSGeomNormal DropNormal A\ : 3 BaseColor_In BaseColor_In BaseColor_Out
. . XZPosition ‘ ' 4 ' 4 DropAndPuddleMask Reflectance_Out Reflectance Out
swizzle 4 Instanced i Max3 &3 DropMask Smoothness_Out

" Position B  Mask xz
Out Input Out

Drops

Shader: BnghtnessContrast

Input1 OQOut Impermeability
. Input Qut - Input?2 Reflectance_In Smoothness Out
e — Smoothness In -
TSDropNormal
WetMask

VVetness

o Smoothness In

° SkyVisMask_In

Masks

Complement n 'MultiplyS n

’ Input1 Out
Input2

Input1 Out

InputZ Input1 Out Input Out
Input2

= < = “Muttipty B | Multipiys ¥
Wetness K4 Alpl\aChanneln Saturate4n Input! Out Input1 Out

Qut Input Out Input  Out Input2



Video showing Various rain effects




Water Surfaces



Water Surface Reference
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Water Surface Key Elements

S SN TS @ Surface ripples
® Depth Color gradient
® Depth opacity

® Reflections

® Refraction






Surface Ripples

’ 4 o — i Cii v
Multiply &3 Add v S - water_ripple_norm MixOut4 ¥ Mixin ¥ Multiply9 ¥ Subtract ¥

Input1 Out Input1 Out Coord Cut Input R & R Out Inputl Out Inputl Out

e  Ripple1Speed Input2 Input2 G G

" Muttiply2 &

Inputl Out
. Ripple1Size & Input2

“"Addiz T v |
Inputl Out 1
Input2

* Ripple1Supression

'TextureS n
" Multiply3 2 Bl e e o "MixOuts ® " Mixin2 ® " Multiply10 ® " Subtract2 ¥
Inputl Out Cut Coord Out Input R 2 R Out Inputl Out inputl Out
G G

Inputl Out
Input2

'Textmes
Texture: water_ripple_norm

"MultipysE  Adds & "MixOut6 ¥ "Mixin3 ® " Multiplyt1 ® | Subtractz ¥
Inputl Out Inputl Out Coord Cut Input R N R Out Inputl  QOut inputl Out
Input2 Input2 G G

inputl Out
\ Input2
Delta

*  Ripple3Speed

" Multiply6 £2 : . :
Input1 Out | ¢ Ripple3Supression
. Ripple3Size Input2

WaterNormalTS



Surface Ripples

D & Vv Instanceb ‘
Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal Normal

WaterNormalTS TSNormal WSNormal

Vv Instance







Deptn

'Instance i 'lnstanceG .

Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal
WaterNormalTS TSNormal WSNormal

‘ BaseColor

Normal

'WaterDepthFadeB b4
Shader: DepthFade

Opacity






4 Lerp6 K4 'Multiply.?- v

Input1 Out Input1l Out
'Color3 n IngutZ :

Bl Out Delta

'lnstanceG |
Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal BaseColor

WaterNormalTS TSNormal WSNormal

'Instance

Normal

'WaterDepthFadeB
Shader: DepthFade

Opacity

Depth Color Gradient




P




'LerpG ﬂ 'MultiplyB .

Input1 Out Inputl Out
'Color3 n InEutZ i

Bl Out Delta

'Instance i 'lnstanceG

Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal BaseColor
WaterNormalTS TSNormal WSNormal

Normal
Opacity

'WaterDepth Fade3
Shader: DepthFade

Opacity Input1 Out

Depth Opacity






'LerpG ﬂ 'MultiplyB .

Input1 Out Inputl Out
'Color3 n InEutZ i

Bl Out Delta

'Instance i 'lnstanceG i

Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal BaseColor
WaterNormalTS TSNormal WSNormal

Normal
Opacity
Reflectance

'WaterDepthFadeB Smoothness
Shader: DepthFade

Opacity Input1 Out

'Instance7 .
Shader: WaterReflectance

n
R f ‘ -t I n WSnormal Reflectance
Smoothness






'LerpG v 'MultiplyB o

Input1 Out Inputl Out
'Color3 n InEutZ i

Bl Out Delta

'Instance9 .
Shader: WaterRefraction BaseColor

'I nstance i 'lnstanceG '

Shader: TripleRipplesWaterNormals Shader: TStoWSwaterNormal

WaterNormalTS TSNormal TSNormOut _ TSnormals Refraction - Distortion

WSNormal Normal
Opacity

'WaterDepthFadeB Eeflect::nce
Shader: DepthFade moothness

Opacity Input1 Out

'Instance7

Shader: WaterReflectance

WSnormal Reflectance

Refraction

Smoothness
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lake-Aways

® Good reference Is critical

® Break challenges into key elements

® Lfficiency - what you leave out Is just as important
as what's there



|_earning Shaders

Study what other games are doing

(Grab a book

Google and YouTube Search

Download Unreal or use ShaderFX in Max or Maya

Write shaders!



BOOKS!

The Cqg Tutorial: The Detinitive Guide to Programmable Real-Time Graphics -
Randima Fernando

e Shaders tor Game Programmers and Artists - Sebastien St-Laurent
 The COMPLETE Effect and HLSL Guide - Sebastien St-Laurent
 GPU Gems Series edited by Matt Pharr and Randima Fernando

e Shader X Series by Wolfgang Engel

 Advanced Lighting and Materials with Shaders - Kelly Dempski and
Emmanuel Viale



1 hanks!

ben@bencloward.com

@BenClowaro
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