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Overview

® GPU Rigid Bodies (GRB)
* FleX

* Flow

* WaveWorks



UE4-GRB Demo




GPU Rigid Bodies in PhysX 3.4

.

A new feature introduced in PhysX 3.4
Implemented in CUDA

® Supports Windows and Linux with NVIDIA Kepler (GTX 6 series) GPU
or later

Same APl and semantics as CPU PhysX rigid bodies
Supports most PhysX rigid body features except articulations

)

)

-



GPU Rigid Bodies in PhysX 3.4 cont.

Hybrid CPU/GPU rigid body simulation

Execute the following rigid body pipeline stages on GPU
® Broad phase
# Narrow phase
® Solver
& State management
# Bounds computation

* Execute the following stages on the CPU
® Island management

Shape filtering

CCD

Triggers

User callbacks

®
®

» ® ®» »



Performance Results

® Test Platform
® Windows 10 64-bit
17-5930k
32GB RAM
GTX 1080

» ® »
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Arena Demo (15, 000)
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700 Ragdolls
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Flow
* WaveWorks
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FleX In Funhouse




Helel

FleX



Motivation

* Too many solvers

® Creates redundant work

® Want one optimization target

* Want two-way interaction between all
object types




Core Idea

Everything is a set of particles connected by
constraints




Advantages

* Simplifies collision detection

* Stable two-way interaction of all object types:
# Rigid Bodies
* Deformables
® Liquids
* Cloth
* Fits well on the GPU



Particles

struct Particle

{
float pos[3];
float vel[3];
float invMass;
int phase;

} 7
® Phase-ID used to control
collision filtering
# Single collision radius




Constraints

® Constraint types:
# Distance (clothing)
® Shape (rigids, soft bodies, plastics)
® Density (fluids)
# Volume (inflatables)
# Contact (non-penetration, friction)

® Combine constraints to create wide

variety of effects

® Melting, phase-changes
& Stiff cloth

CREV U]



FleX new features

* New buffer-centric API

New collision shape API

® Add support for CUDA 8.0

Add support for D3D 11/D3D12
Local space simulation

)

)

)



Local Space Simulation

Particles inside an attached parent frame are updated by inertial
forces

Without With

www.fraps.com




Enable Local Space Simulation in UE4

* Step 1

Make the FleX component a child
of the object it should be parented to

ESEOE 1DAE CEED:

Type
FlexActor

4"y} flexBox36
‘(iy flexFixedCloth

>
S  'a PlayerStart2
S @® SkySphereBlueprint
S @ skySphereBlueprint2
S % torus
S % torus2 FlexActor
38 actors (2 selected) © View Options~

Velocity Solver lterati [

S Famiy

Should Update Physic [l

4 Collision
Simulation Generates [l
Phys Material Overrid None

Generate Overlap Eve [l

> coenpresers [TTIRNPIPER -
on craratersep



Enable Local Space Simulation in UE4 cont.

4 Flex

e Step 2 | Override Asset v B
Enable the Local Space simulation | “entainer femplate flexClothConw 4e O =
option on the FleX component I e
Mass 1.0 Y
Attach to Rigids 9
Inflatable Pressure Multiplier 1.0 N
Tearing Max Strain Multiplier
| (Local Space 9 )
- 4 |nertial Scale a

Linear Inertial Scale a9

Angular Inertial Scale 0.25 W' Bal



Enable Local Space Simulation in UE4 cont.

® Step 3
Enable Is FleX Parent on the
parent object

T @ = e | » ¢

Layal: flagloezlized Sofers

Type _
FlexActor
FlexActor

@ 4y} flexBox36 aticMeshAct

=3 %} flexFixedCloth FlexActor

S 4%y flexBoxa7 StaticMeshActor

> %Y flexOctopus4 FlexActor

S A Player Start2 PlayerStart

S @ skysphereBlueprint _Sky_Sphe
> ® skySphereBlueprint2

S % torus

S %Y torus2 FlexActor

38 actors (1 selected) © View Options v

{} StaticMeshComponent (Inherited)

Trace Complex on Move

Return Material on Move

( Is Flex Parent

Flex Particle Drain
Flex Enable Particle Counter
Can Ever Affect Navigation

4 Lighting
[ Overidden Light Map Res
D Li Settings

Cast Shadow




Enable Local Space Simulation in UE4 cont.

4 Flex
e Step 4 Override Asset
Set the linear and rotational Container Template
inertial strengths b Phase
Mass
Attach to Rigids

Inflatable Pressure Multiplier
Tearing Max Strain Multiplier
Local Space
4 |nertial Scale
Linear Inertial Scale
Angular Inertial Scale




Comparision

Global Space Simulation Local Space Simulation




UE4-FleX Cloth

Environmental cloth
CCD Triangle Tests

Auto-attachment to static or
dynamic actors

Inflatable constraints




UE4-FleX Ropes

® Based on built-in
UCableComponent

® Supports bending / self-
collision / world collision




UE4-FleX Force Fields

® Integration with UE4
URadialForceComponent

® Scriptable with Blueprints

® Applied in CUDA through
FleXExtensions




Interop between PhysX

* Two-way interaction
between FleX<->PhysX

® FleX actors insert bounds
into PhysX scene

® Overlap query per-FleX
Actor

* Allows CCT to interact with
FleX objects




Create a simple cloth demo with UE4-FleX

Towser " ¥ ® VRFunhouse =NEFX
File  Edit ndow Help
B Ved — = World Outlirier Modes
- =g < LN = 2
wm 7y v | iy > - - - - A < ’ -
Save  Source Contro| Content Marketplace = Settings Blueprints  Cinematics Build Launch ‘ * ﬁ‘

Perspective || ¥ Lit || Show | S‘A 10° | [(A] 0.0625

Recently Placed I” Empty Character
| basic ' Point Light
Lights —
T I
Visual Effects ¥ | Player Start
BSP
. Cube
Volumes —
All Classes . Sphere
' Cvlinder
1 Details ® world Settings

Select an object to view details.
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FLOW

Features:

«®

«®

«®

«®

Combustible fluid, fire and smoke
Dynamic grid simulator

D3D11 and D3D12 support
Volume rendering

I

§ |
% RijE ==




NVIDIA Flow In Unreal Engine 4

Create a grid

Create Basic Asset

. Blueprint Class

- 3 . [ [ =1 3
Fie Ede s Window i [seachrorvey )
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Save  Find in CB

A\ Details
& Level fo)
—— Heo-
4 Grid
% Material Grid Cell Size
[E— Virtual Grid Dimension
. Memory Limit Scale
_-‘ Particle System Simulation Rate
—

Low Latency Mapping

Multi Aday Enabled
Create Advanced Asset ulti Adapter Enal

Async Compute Enabled

WorldDynamic Bloc|

[ |

i i [ |

Animation 3 Particle Mode Enabled ]

Artificial Intelligence 3 i Eect eae L

4 Interaction With Particles

Blendahles 3 Particles Interaction Enabled [

. Interaction Channel
Blueprlnts 4 I Response to Interaction Channels
Materials & Textures [ Particle to Grid Accel Time Constant foor 0]
. Particle to Grid Decel Time Constant
Media » Particle to Grid Threshold Multiplier (20 0]
Miscellaneous » Grid 1o Particle Accel Time Constant [on O]
Grid to Particle Decel Time Constant [on O]
I Pa Pef? D 4 Grid 1o Particle Threshold Multiplier
Flow Grid Asset 4 Graviy oo o 5
Sounds 3 x
v C—
LT L - Q Flow Material z
4 Pressure
Pressure Legacy Mode [ ]
Q Flow Render Material pr.
Object Type
. . 4 Response to Channels

Q Physical Material T
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Create an emitter

U mg

File Edit Asset View

=< Components
FAdd Component .~

® Interp To Movement
4® Projectile Movement
“& Rotating Movement
Navigation
% Nav Modifier
@ Navigation Invoker
Paper2D
) Paper Flipbook
& Paper Grouped Sprite
8 Paper Sprite
8 Paper Tile Map
{: Physics
5

3 i
€ Flow Emitter
o d-Elov. il

/* Physics Constraint

%' Physics Handle

# Physics Thruster

+ Radial Force
Rendering
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NVIDIA Flow In Unreal
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v
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Engine 4 cont.

4 Emitter
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NVIDIA Flow In Unreal Engine 4 cont.

Setup Flow Material and Flow Render Material

T o




Create a simple fire demo with UE4-Flow

u

File Edit Window Help
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WaveWorks



Agenda

* UE4 WaveWorks Overview

* UE4 WaveWorks key features

* UE4 WaveWorks core components introduction
* How to use WaveWorks in UE4
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UE4 WaveWorks Overview

Enable developers to deliver a cinematic-quality ocean simulation for
interactive applications

Integrated to UE4 now
Completed tools to create ocean and lake
More features are coming ...



DhrNvZLPBGE

?v=

/lwww.youtube.com/watch

https

4



https://www.youtube.com/watch?v=DhrNvZLPBGE

»

»

»

»

»

Key Features

Completed ocean’s simulation and rendering systems
Foam’s simulation and rendering

Shoreline effect

Realtime physics feedback
Tessellation

Quad-tree tile-based LoDing
Also can be used to create lake



WaveWorks Asset =

FFTPericd 400.0
Use Beaufort Scale

og
r, 4
d

Readback Displacements

_
(]
7
o

Aniso Level

4 Parameters

Time Scale
¢ Create WaveWorks Asset i AT S) X -

u

Beaufort Scale

* WaveWorks Asset details panel JS—

Small Wave Fraction

* WaveWorks simulation parameters e o

w
1
) L/

Choppy Scale 0.935216 L2
- . Foam Generation Threshold 0.470917 L2
® Shorel met
O re ] n e a ra e e rS Foam Generation Amount 0.541284 | o
Foam Dissipation Speed 0.370642 Y
Foam Falloff Speed 0.091743 L2
4 Shoreline
Use Shoreline )
3 ShorelineTex -
% Shoreline Distance Field Texture =}
Miscellaneous » ; "0
Pa p er2D I Gerstner Steepness 1.0 K
h . Gerstner Parallelity
Eiysies : Q Physical Material Serstoeraves : =
Sounds ’ — Foam Turbulent Energy Multiplier 3.0 S
rf Foam Wave Hats Multiplier 15.0 N
User Interface » . S
Gerstner Amplitude Multiplier 1.0 S
_  WaveWorks
Ll Gerstner Wave Length Multiplier _ =)
Gerstner Wave Speed Multiplier
Wave Works Max Pixels to Shoreline S -
Shoreline Capture Ortho Size 200000.0 Nl 2

D Shoreline Capture Position X 211408.359375 N JY 183455953125 N §Z 17400.0 el <(



WaveWorks Actor, Component

4 Wave Works 4 Wave Works
Refresh Material @] v
e waveworks -
Directional Light Acto Light Source = O g, Wave Works Asset WaveWorks o

Direction Light Distan o
Specular Power
Specular Intensity _ Wave Works Material
D Specular Color T
Water Scatter Intensit Mesh Dim 128
D Water Scatter Color |GG Min Patch Length 128.0
D Foam Under Water Co NGNS Auto Root LOD 20
Distortion Multiplier [(RI3 upper Grid Coverace  (XJGT
Reflection Multiplier [N Sea Level o0 O]

wayeworks_ocean_mat v
0O

‘

Planar Reflection Actc PlanarReflection = 0 A Tessellation LOD 100.0 R

WaveWorks Actor WaveWorks Component



Shoreline

* Distance Field Texture
® R: distance to shoreline
® G: depth
* B,A: gradient




Shoreline

® Create Distance Field Texture
® Set Capture Actor’s Position
® Fill the parameters
® Click “Capture Scene” button

A Drsiection
ordn,zan0)

WaveWorksShorelineCaptureComponent
pursCofie €



Rendering

® Ocean’s Rendering

.«

.«

.«

.«

Reflection
Refraction
Specular
Foam

Emiasive Calor



Rendering

* WaveWorks material node

Foam attributes

World normal

Un-displaced world position
Vertex's displacement
Distance to shoreline

[OamESUTIaCeNoIding

Foam @
Normal O»
WorldPosUndisplaced O

Displacement O»
DistanceToShoreline O




Physics Feedback

# Sample displacement

® Get intersection point between
ray and ocean




WaveWorksStaticMesh Component

WaveWorks StaticMeshComponent




Workflow in UE4

\




Join the GameWorks developer program

* If you don't have an account on developer.nvidia.com or are not a
registered member of the NVIDIA GameWorks developer program
then register here:
http://developer.nvidia.com/registered-developer-programs

* If you are logged in, accept the EULA and enter your GitHub
username at the bottom of the form:
https://developer.nvidia.com/gameworks-source-github



http://developer.nvidia.com/registered-developer-programs
https://developer.nvidia.com/gameworks-source-github

https://github.com/NvPhysX/UnrealEngine/tree/WaveWorks-4.16

Branch: WaveWorks-4.16 = New pull request Create new file = Upload files = Find file h - i

This branch is 18 commits ahead, 89 commits behind EpicGames:release Pull request Compare

Hjackralﬂﬁ update README.md Latest commit 9b4c758 an

Engine

Samples

Templates
WaveworksTester
.gitattributes

.gitignore
GenerateProjectFiles.bat
GenerateProjectFiles.command
GenerateProjectFiles.sh
LICENSE.md
README.md

Setup.bat
Setup.command
Setup.sh

UE4Games.uprojectdirs




