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Safe Harbor Statement

Autodesk and Adobe may make statements regarding future events and/or statements regarding planned or
future development efforts for our existing or new products and services. We wish to caution you that such
statements reflect our current expectations, estimates and assumptions based on factors currently known to us
and that actual events or results could differ materially. Also, these statements are not intended to be a promise
or guarantee of future delivery of products, services or features but merely reflect our current plans, which may
change. Purchasing decisions should not be made based upon reliance on these statements. The statements
made in this presentation are being made as of the time and date of its live presentation. Autodesk and Adobe
do not assume any obligation to update any statements made to reflect events that occur or circumstances that
exist after the date of this presentation.

All images copyright of their respective owners.
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MaterialX Initiative

Rich material description, node-
based and color space-aware
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MaterialX Initiative

= Rich material description, node-
based and color space-aware

= First significant usage on Star Wars:
The Force Awakens in 2015
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MaterialX Initiative

= Rich material description, node- g
based and color space-aware Introduction to MaterialX

= First significant usage on Star Wars:
The Force Awakens in 2015

= Open standard published in 2016

= Open-source codebase released in

MaterialX

2 O I ; MaterialX is an open standard for transfer of rich material and look-Gevelopment content between appications and renderers.
Originated at Lucasfiem in 2012, MateraiX has been used by Indusirial Light & Magic in feature films such as Star Wars: The Force

Awakons and Rogue One: A Star Wars Story, and by ILMiLAB in real-time experiences such as Trials On Tatooine




Early Interest at Autodesk

= (Consistent looks across
Autodesk DCCs

= multiple renderers in a
single DCC

= physics as ground truth

= Abstract Material Graph (AMG)

= abcMaterial, MaterialX

=
T
e

=  Worked together with Lucasfilm
to help build an open industry
standard

)




ShaderX Collaboration

= A partnership between Lucasfilm and
Autodesk beginning in June of 2016

= |nheriting the best of both MaterialX
and Abstract Material Graphs

= Autodesk begins developing two key
extensions to MaterialX

ShaderX: A shader generation extension to MaterialX

Copyright © Autodesk 2019
Media & Entertainment
All rights reserved.

Niklas Harrysson

niklas harrysson(@autodesk.com

Document Draft
2019-02-07



Physically-Based Shading Nodes

= The first new feature is a standard
set of physically-based shading nodes i o

= In addition to patterns, the
underlying physically-based shaders
can now be portably captured
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= MaterialX ships with shading graphs
for Standard Surface and USD
Preview Surface
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Shader Code Generation

The second new feature is a
framework for shader code
generation

Automatic conversion of a MaterialX
document to domain-specific
shading code for rendering

MaterialX ships with support for OSL

and GLSL, with additional languages
planned

Renderer

Application

Editor

MaterialX ShaderGen

Shader Graph Construction Shader generation

-
-
-
-
-
-
-
-
-
-
-
-
-
-
=

Code Database |

ShaderGenerator

OosL

| GLSL

MDL




MaterialX Viewer

= Leverages MaterialX shader
generation in combination with the
open NanoGUI framework

=  Provides a ground truth reference for
renders of MaterialX content

= Provides a reference for integration
of MaterialX shader code generation
into other applications




Open @ Autodesk

= Autodesk is a strong supporter of Open Source software
=  Qur customers’ pipelines are heterogeneous

=  Founding member of the ASWF

= providing funding and technical expertise

= helping drive strategic direction

/* ACADEMY
— SOFTWARE
FOUNDATION




Open @ Autodesk

=  Actively contributing to many existing projects

= QOCIOv2
=  MaterialX
= USD

=  Have open sourced our own projects:

=  AnimX
=  ShaderX
=  sjtoa

=  Standard Surface



A l““._

Standard Surface v1.0.1

An open spec by Autodesk



What is Standard Surface?

= Open uber-shader specification
= Artist-friendly parameters

* Production proven

=  Supported in Autodesk products




Goals

"= Compactly represent most materials
" Modern set of scattering lobes

= Easy to use

= Minimal set of intuitive parameters
= Simplification for

= partial representations

" real-time applications



File Edit Create Selec Modify Display Windows Mesh EditMesh MeshTools MeshDisplay Curves. Surfaces Deform UV Generate Cache Amold Help Workspace : [Maya Classic®

Modeling » | RE@@E>c ) | SRl® ) | SO S Q « Notvesudace | Symmetry: Off

View Shading Lighting Show Renderer Panels Amold RenderView
k fmio N LR 2 BRI BEDO| @€ ¢ Ve | WS GEI R PEE| Q 000 I 100 [B)AceSRRIVIO File Window View Render
Y

Beauty ¥ dof_camShape
-~

Rendering | 1520 0%) | dof_camShape | samples 4/1/1

No Character Set No Anim Layer




Autodesk / standard-surface
[ J
© Code e Pl rqoests 0 t .
White paper descnibing Amcke's standard surtace shadsr,
! ' 0 '

= Available now
autodesk.github.io/standard-surface

= Open source (Apache License 2.0)
github.com/autodesk/standard-surface

= Reference implementation N s

= MaterialX
= OSL



https://autodesk.github.io/standard-surface/
https://github.com/Autodesk/standard-surface

Inspiration

Physically Based Shader Design in Arnold

by Anders Langlands

Introduction

alShaders is an open-source, production shader library for Arnold. It was created as a hobby prd

both as a learning exerc r the author to get to grips with the Armmold SDK, as well as to £l 4

in the Arnold toolset, since no production-quality library existed that was available or fully funct
across all of the DCC applieations supported by Amold. It was made open source in order that others
mi

ht learn from it and hopefully contribute to its devolopment. Since its inception in 2012, it has

seen action in many studios around the world and across a wide variety of work

In this document, we will examine what constitutes a production sha
»5 that shaped the form alShaders would take. As we will
follow naturally from the design of the renderer itsell, so we will also tal
Ameold. We will primarily focus on the design of the surface shader, alSurface. examining the way it

i structured in order to ereate a simple-to-use, physically §

er library and examine the

design ch

e, many of those choices

brief look at the design of

asible shader. We will cover the outputs
it generates and how they are intended to be used within a visual effects pipeline. We will also look

at some of the tricks emploved to reduce noise and render faster, even if it sometimes means breaking

physical correctness

Finally, we will sce what other choices could have been made in its design. along with potential
arcas for improvement in the future, including potentially fruitful rescarch avenues based on recent
work within the graphics community.
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~ Basic Parameters
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Physically-Based Shading at Disney

by Brent Burley. Walt Disney Animation Studios

Revised Aug 31, 2012. Corvected normalization factor in Equation 4§,

1 Introduction

on Tangled [27], we begs

With the

at degree of visual richness while maintaining artis

Following our success with physically-based hair shading an considering physically-

l, w

based shading models for a broader range of materials. wod hair moc

were

able control

achiove a @ However, it proved
ng to integrate the lighting of the hair with the rest of the scene which had still used tradi-
w” shading models and punctual lights. For subsequent films we wanted to increase the

all of our materials while making lighting responses more consistent between mater

environments and also wanted to improve artist productivity through the use

When we began our investigation it wasn't obvious which models to use or even how physically-

based we wanted to be. Should we be perfectly energy conserving? Should we favor physical parameters

like index-of-refraction?

Lambert scemed to be the
Some models such as Ashikhmin-Shirley (2000) (3

For diffuse. pted norm, while specular socmed to get most of the

attention in the literature. aimed to be intuitive

rore
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Layered Mixture Model

Transparency
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Transparency Specular reflection (coating)

Closure representation

Emission Specular Specular reflection
Iddit reflection
(metal)
Specular Specular retro-reflection (sheen)*

transmission*

standard_surface

e e e e e e e

Diffuse Diffuse Subsurface
reflection transmission*  scattering*

1 - opacity

transparency

coat_brdf

emission * emission_color
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emission metal_brdf

specular * specular_color 1 - specular * specular_color * reflectance(spec_brdf)

spec_brdf

transmission * (transmission_depth == 0 ?
transmission_color : 1)

1 - transmission

spec_btdf

heen * sh 1
sheen * sheen_cotor 1 - sheen * reflectance(sheen_brdf)

sheen_brdf

subsurface * subsurface_color
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thin_walled 1 - thin_walled

diffuse_brdf

diffuse_btdf subsurface
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Transparency Specular reflection (coating)

Coat

Emission Specular Specular reflection
reflection
(metal)
Specular Specular retro-reflection (sheen)*
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e e e e e e e

Diffuse Diffuse Subsurface
reflection transmission* scattering*
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Transparency
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Transparency Specular reflection (coating)

Sheen

Emission Specular Specular reflection
additive reflection
(metal)
Specular Specular retro-reflection (sheen)*
transmission*
Diffuse Diffuse Subsurface

reflection transmission* scattering*




Diffuse reflection
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— e

Transparency Specular reflection (coating)
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Emission Specular Specular reflection
Jadditive/ reflection
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Diffuse  Diffuse Subsurface
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Subsurface scattering

Transparency

Emission

Specular
reflection
(metal)

Specular reflection (coating)

Specular reflection

e et e o e e e s et et e e
Specular Specular retro-reflection (sheen)*

transmission*

e e e e

Diffuse Diffuse
reflection transmission*

Subsurface
scattering*




Future work

= Reciprocity
= Improved layering model



Contribute!

Join the conversation!

github.com/autodesk/standard-surface



https://github.com/Autodesk/standard-surface

Why we need a new
standard Uber Shader

SUBSTANCE
by Adobe
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Substance Materials in a nutshell

= Procedural packages, from a comp graph

= Typically bake specific textures before render
= e.g. albedo, roughness, height, etc...

Compositing Bake to textures

graph

s SUBSTANCE
by Adobe



Maximize Portability

= Rely on standard Uber-Shaders
= Know how to approximate for speed

Standard
Preview
| Compositing Bake to textures . Standard
graph \ Shaders

s SUBSTANCE
by Adobe



Maximize Portability

= Conversion to other shading models is known
= Easy to adopt and port (even when lossy)

The Third Floor Lc

Framestore UK
[lltimination Mac Guffe
~Double Negative London™

THEMI (LondoiDeses

Digic l “””“ l\" The lhn(l Floor, Inc.

( - Sonyw ictures Imagework“f”
Compositing Dll(l:amlwm ks"Animation LLC
S SEPIXARSCANUNEVEX

Sh gumll()[ I Animation

s SUBSTANCE
by Adobe



Two production strategies for Surfaces

= "Playmobil": Uber Shaders
often good for 90% assets. More
common and makes exchange easier

= Lego: Lobe combining
more powerful, covers final 10% of
LookDev challenges




Can work with either

N

£
W

MATERIALX

B
o
4

Thanks to the ShaderX addition,

MaterialX now supports the Lego
approach

With packaging and subgraphs, it can
support well

Playmobil approaches too

s SUBSTANCE
by Adobe



We like the portability of
UberShaders

=  Qur baseline shading models don't
cover cases that are now common
= Too many semi-documented

extended variants for advanced
lobes

= We were considering drafting our own
updated standard

SUBSTANCE
by Adobe




HOW STANDARDS PROUFERATE:

(468 A/C CHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)

SITUATION:

THERE ARE
|4 COMPETING
STANDPRDS.

11?7l RiDICULOLS)

WE NEED To DEVELOP

ONE UNIVERSAL STANDARD
THAT COVERS EVERYONES
USE CASES. YERH!

O

)

)

OOON:

SITUATION:
THERE. ARE
I5 COMPETING
STANDPRDS.




Standards are hard

= UberShaders need strong standards to be successful for exchange
purposes
= Need very good documentation

= One standard is better than none

s SUBSTANCE
by Adobe



Standards are hard

= UberShaders need strong standards to be successful for exchange
purposes

= Need very good documentation
= One standard is better than none
=  One standard is also better than too many
= Must have very good reasons to create a new one
= Takes time to gather support from other vendors and studios
= |f only we could find someone to collaborate right from the start...

s SUBSTANCE
by Adobe



Let’s collaborate on a standard

= Last Siggraph,
Autodesk included us
on a draft
whitepaper for a
Standard Surface

= Perfect timing to
start a collaboration

s SUBSTANCE
by Adobe



We like Standard Surface

= Good balance:
= More complete feature set
= Not overcomplicated

= Considers simplifications for
preview purposes

=  Well documented, well thought through
=  Crucial to adopt it partially, or evolve towards it

First serious effort to make a collaborative BXDF UberShader

= Included in the discussion top experts in the field s SUBSTANCE
by Adobe



We like Standard Surface

= We are interested in growing some of
our existing materials towards it

= Would like to fully embrace it
natively

= That is not the state currently

= We still must be able to export to most
models

S

SUBSTANCE
by Adobe



Implemented for Substance Designer

s SUBSTANCE
by Adobe



Implemented for Substance Designer

3% 3D VIEW ; ]

Is Lights Camera Environment Display Renderer

s ©&TM Lucasfilm Ltd. Used with Permission.
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Contribute

= Please follow and participate to this project on GitHub!

s SUBSTANCE
by Adobe



MaterialX Prototype in
Substance Designer

David Larsson

Zé"/«’ s SUBSTANCE
Autodesk Vision Series by Adobe



Materials

ing

Making and shar




Shaders
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MaterialX Prototype in Substance Designer
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Demo

MaterialX Editor in Substance Designer

s SUBSTANCE
by Adobe




Demo

Droid material setup in Designer © & ™ Lucasfilm Ltd. Used with Permission.
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Demo e 2 G ] 1

Droid material setup in Designer © & ™ Lucasfilm Ltd. Used with Permission.

DETM Locasim Ld. Used wih Permussion
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Demo VB 0y

ol

Droid washing in Substance Painter © & ™ Lucasfilm Ltd. Used with Permission.
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Maya / Arnold Demo



Questions?

G
N

MATERIALX

m;au s AU A

AUTODESK.



/\ AUTODESK
Make anything.



