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“Who even are you?”

Phillip James
Senior FX Artist — Firewalk Studios
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The Conundrum

Why should | use scripted particles to make FX?

It doesn’t have all the modules I'm used to.

It takes longer to get set up.

The Tech Demos I've seen are way beyond what
| need for my game.

Scripted Particle tools seem like they’re just for
controlling lots of tiny GPU particles.
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Scripted Particles

They've always been there, hiding behind the modules and the sliders.
Puts you in full control over how particles spawn and simulate.
Allows for linking and manipulation of external data.

“With great power comes great responsibility.”
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Scripted Particles Overview

On Spawn: Runs once when particle  On Update: Runs every tick after
spawns spawn

Initialize variables that the - Modify variables over time/life

particle needs to simulate
Read incoming data every tick

Read incoming data once
Use coefficients to modify
Create custom parameters behavior

Assign coefficients - Run custom timers
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General Expense

Frequency: Once Per-Tick Per-Tick
System Spawn System Update
Particle Spawn Particle Update Per- Per-Pixel
Emitter Spawn Emitter Update Vertex

Least Expensive Most Expensive
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Common Parameters - Example #1

On Spawn On Update

Shapes
1l

€) Emitter Settings

Lifetime

i Emitter Properties
© Emitter Spawn
) Emitter Update
- Color - Color i
Emitter State
®  spawnRate
O Particle Spawn
1 H - FORT] -
= Slze = Slze - Initialize Particle
Add Velocity
Apply Initial Forces

. Cylinder Location
= Ve I OCl ty A Particle Update
®  Particle State
*  Color
. ®  Scale Sprite Size
- Rotation

£ Ssolve Forces and Velocity
A Add Event Handler
7 Render

- POSition ¥ Sprite Renderer

cfEBococococfoocococMaoc®®
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Common Parameters - Example #2

On Spawn On Update

Lifetime

- Color -

- Size -

- Velocity -

- Rotation -

- Position
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Color

Size

Velocity

Rotation

Shapes

4 |

) Emitter Settings
i Emitter Properties
© Emitter Spawn
7 Emitter Update
** Emitter State
* Spawn Rate
© Particle Spawn
2% Initialize Particle

Cylinder Location

Add Velocity

Apply Initial Forces

Set: (PARTICLES  RotationRate
“ SubUVAnimation
? Particle Update
®  Particle State
Sprite Rotation Rate

®  Color

Scale Sprite Size

“  Linear Force

2" Solve Forces and Velocity
A Add Event Handler
N/ Render

¥ Sprite Renderer

cfBoccccccBoococccaao®®
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Input Data

Common External User Defined Data

- Float
- Vector
- Bool

- Float 4 (Vector4 / Linear Color)
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4Make New

4Common
bool
float
int32
Linear Color
Matrix
Mesh Tri Coordinate
Niagara ID
Niagara Rand Info
Quat
Spawn Info
Vector
Vector 2D
Vector 4

4Data Interface
2D Array Texture Sample
Audio Oscilloscope
Audio Player
Audio Spectrum
Bool Array
Camera Query
Chaos Destruction Data
Collision Query
Color Array
Cube Texture Sample
Curl Noise
Curve for Colors
Curve for Floats
Curve for Vector2D's
Curve for Vector3's
Curve for Vector4's
DebugDraw
Export particle data
Float Array
GBuffer
Grid2D Collection
Grid?2D Collectinn Reader

bool

float

int32

Linear Color
Matrix

Mesh Tri Coordinate
Niagara ID
Niagara Rand Info
Quat

Spawn Info
Vector

Vector 2D

Vector 4

2D Array Texture Sample
Audio Oscilloscope
Audio Player

Audio Spectrum

Bool Array

Camera Query
Chaos Destruction Data
Collision Query

Color Array

Cube Texture Sample
Curl Noise

Curve for Colors
Curve for Floats
Curve for Vector2D's
Curve for Vector3's
Curve for Vector4's
DebugDraw

Export particle data
Float Array
GBuffer@

Grid2D Collection

ridon Collactinn Reader
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Leveraging Input Data - Examples

Float
Size of Character / Object
Radius of Explosion
Duration of AOE

Vector

Velocity of Object
Location of Bone / Character

View Vector

March 21-25, 2022 | San Francisco, CA #GDC22

Bool

- 1st / 3rd Person Switch

- Ally / Enemy Switch

- Condition Switch for Timers
Float 4 (Vector4 / Linear Color)

- Per-Instance Color

GOC
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Practical Applications
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1. “ | want to let design change the radius of my effect ”

What can we use?

- Any Particle Type

- Input Float

- Custom Parameters

- Spawn Rate

- Position

- Weighted Distribution
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HEFire
O

©) Emitter Settings
@ Emitter Properties
© Emitter Spawn

7 Emitter Update

** Emitter State

Spawn Rate

O Particle Spawn

= Initialize Particle

ARTICLES ' StartTimeOffset

Cylinder Location

P Particle Update
“ Sub UVAnimation
®  Particle State
Dynamic Material Parameters
*  Color
®  Scale Sprite Size
A Add Event Handler
W/ Render
¥ Sprite Renderer

sﬂnsssssﬂlis snhsﬂﬂ

SLEWMLEICIIIN floor(User.Radius / 25) + 1

Cylinder Radius

Radius
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1. “ | want to let design change the radius of my effect ”

4 O Set (PARTICLES) WeightedDistance + o @
4 (PARTICLES| Weighted |4 Float from Curve T
4 FloatCurve € curve for Floats v
come - S
Templates --------
e 05 : L2
88>
§Ag5 1 .
.15
- =
2 €3] (8] ey 0
4 Curvelndex |+ Random Range Float ( Jfa]
Minimum 0.0 N L
voimor (S -
Scale Curve Radius v
v
4 O Set (PARTICLES) Random2Pi + o3
4 (PARTICLES" Random: |#* Random Range Float 5zl
Minimum 0.0 N w
Maximum 6.28 N v
v
4 O Set (PARTICLES) Position +o @

ZGH[CREFRSETI PN float3(sin(Particles.Random2Pi) * Particles.Wei [Rdiiel
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Weighted Distribution

Formula

4 O Set (PARTICLES) WeightedDistance +o @
4 (PARTICLES) Weighte« |+ Float from Curve )
4 FloatCurve € Curve for Floats -2
some e o 0 S
Templates =~ N T\ T AN~ S N A
1 = .
TEE— 03 -
0.6
04
0.2
0
€ + o «yooo IS NN -
4 Curvelndex |+ Random Range Float v
v NS -
veron (S .
Scale Curve % Radius v
v

float3(sin(Rand2pi) * RandDistance, cos(Rand2pi) * RandDistance, 0.0)

Niagara Specific Example

float3(sin(Particles.Random2Pi) * Particles.WeightedDistance, cos(Particles.Random2Pi) * Particles.WeightedDistance, 0.0)
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2. ‘| want to connect an electric effect between two characters”

What can we use?

- Ribbon/Beam

- Two Vectors
- System and Character Positions

- Spawn Coefficient
- Lerp Between Start and End

- Curve Base Pinning / Arc
- Custom UVs

- Material Parameters
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T8 Empty
¥ None
) Emitter Settings

v Emitter Properties

© Emitter Spawn +
2 Emitter Update +*
®® Emitter State
* Spawn Burst Instantaneous
© Particle Spawn +
“ Initialize Ribbon
CLES| Execlndex

RTICLES ' RibbonLinkOrder

RTICLES' NoiseCoeff

|

®  Particle State
S' ExpectedPosition

“  curl Noise Force o
S| Position

A Add Event Handler -]
W/ Render -]
"\ Ribbon Renderer
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2. ‘| want to connect an electric effect between two characters”

“E Empty
¥ B
€ Emitter Settings
v Emitter Properties
© Emitter Spawn
?) Emitter Update
Emitter State
Spawn Burst Instantaneous
© Particle Spawn

“  Initialize Ribbon

Set: S Execlndex
Set: RibbonLinkOrder
Set: PARTICLES  NoiseCoeff

9 Particle Update

®  Particle State

cofoococoBaoa®®

PARTICLES = ExpectedPosition

o
<)

Curl Noise Force

PARTICLES = Position
A Add Event Handler

V7 Render

"\ Ribbon Renderer

a*®® o
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4 O Set (PARTICLES) ExecIndex +o@
4 (PAF Execlndex o Return Normalized Exec Index va
Normalized Index Scale 10 o -
Normalized Index Includes One [ -
4 O Set (PARTICLES) RibbonLinkOrder +o@
RibbonLinkOrder Execlndex va
4 O Set (PARTICLES) NoiseCoeff +o@
“ NoiseCoeff [ Float from Curve v
4 FloatCurve £ curve for Floats. v

T
Templates =~ N T\ T AN S N A

0 * 05

Curvelndex

Scale Curve 1.0 S

4 7 Particle State L]
Kill Particles When Lifetime Has El B
v
4 7 Set (PARTICLES) ExpectedPosition +o@

ExpectedPosition  >_

4 7 Curl Noise Force

4 O Set (PARTICLES) NoiseCoeff +o0@
P Nois | Float from Curve -2
& Curve for Floats w2

come - i [ S
Templates ﬂﬂﬂﬁﬂﬁ

1 .

El o5 * 1

06

04

02

0 +—0 o——=

¥ € + 8 koo (IO > 2
Curvelndex v 32
scalecuve (3 K -

4 Noise Strength o Multiply Float va
» s
B v
Noise Frequency va
Noise Quality / Cost a
[ Pan Noise Field Y 0.0 oz 20 va
4 Mask Contribution
Mask Curl Noise [ ]
¥
4 7 Set (PARTICLES) Position +0@3

Position a ( +Output.CurlN
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3. " | want my effect to react to the player walking through it ”

What can we use?
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Any Particle Type
Particle Position and an Input Vector
Custom Position and Velocity

Material Parameters

#GDC22

(& Empty

il

) Emitter Settings

&0 Emitter Properties

© Emitter Spawn

# Emitter Update

** Emitter State

“  Spawn Particles in Grid
O Particle Spawn

22 Initialize Particle

" Grid Location

ExpectedPosition
ARTICLES = Velocity
“  curl Noise Force Custom

ARTICLES ' Position

Scale Sprite Size

Sprite Facing and Alignment
A Add Event Handler
N/ Render
¥ Sprite Renderer

DistanceToExpectedPos

coloc®®

<]

o @

(<]

(<<

(<< I < I < I <
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3. " | want my effect to react to the player walking through it ”

(& Empty
il |

) Emitter Settings
&R Emitter Properties ACIETVPMN float3(-Particles NormalizedPos.y * Particles.Speed, Particles.NormalizedPos.x * Particles.Speed, 0)

NormalizedPos Pl normalize(Particles.Position - Engine.Owner.Position)

© Emitter Spawn
2 Emitter Update Position PN Particles.Position += Particles.Velocity * Engine.DeltaTime
“® Emitter State

Spawn Particles in Grid
O Particle Spawn

coloc®®

»
g
5
H
<]

ExpectedPosition

P Particle Update
Particle State

o @

DistanceToPlayer

[ S| Velocity
“  curl Noise Force Custom o

| S| Position
ToExpectedPos
DistanceToExpectedPos
S Position
*
®  Scale Sprite Size
Sprite Facing and Alignment
A Add Event Handler -
N/ Render a
¥ Sprite Renderer
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3. " | want my effect to react to the player walking through it ”

: ! Empty
il
) Emitter Settings
&0 Emitter Properties
© Emitter Spawn
? Emitter Update
** Emitter State
Spawn Particles in Grid
O Particle Spawn

coloc®®

»
g
5
H
<]

ExpectedPosition

9 Particle Update =
®  Particle State
DistanceToPlayer

NormalizedPos
NormalizedExpectedPos

S| Velocity

“  curl Noise Force Custom o

ToExpectedPos

DistanceToExpectedPos

S| Position

*

®  Scale Sprite Size

Sprite Facing and Alignment

A Add Event Handler +

N/ Render B

¥ Sprite Renderer
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4 7 Curl Noise Force (Curl Noise Force Custom)

4 Noise Strength | Multiply Float
A
B
Noise Frequency 50 N

Noise Quality / Cost Baked (High) v

2 Fan e i

7 Set (PARTICLES) Position

Position += (Par elocity + Output.CurlNoiseForc

stom.CurlNoiseForce) * Engine.DeltaTime
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3. " | want my effect to react to the player walking through it ”

(& Empty

il

) Emitter Settings
&0 Emitter Properties
© Emitter Spawn

? Emitter Update
** Emitter State

Spawn Particles in Grid
O Particle Spawn

Initialize Particle

coloc®®

Grid Location

»
g
5
H

<]

ExpectedPosition

9 Particle Update =
®  Particle State
DistanceToPlayer

NormalizedPos
NormalizedExpectedPos

S ExpectedPosition

Set: (PARTICLES Velocity

" curl Noise Force Custom [

Set: S Position

Set: ToExpectedPos

Set: DistanceToExpectedPos

Set: LES) Position

*  color

®  Scale Sprite Size

Sprite Facing and Alignment

A Add Event Handler .

N/ Render !

¥ Sprite Renderer
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% Set (PARTICLES) Position + 1
Position >_ Position += (Particles.Velocity + Output.CurlN c m.CurlNoiseForce) * Engine.DeltaTime

% Set (PARTICLES) ToExpectedPos +1

PARTICLES  ToExpectedPos PN Particles.ExpectedPosition - Particles.Position

% Set (PARTICLES) Position +1

PARTICLES| Position Particles.Position + ((Particles. ToExpectedPos * 0.9) * Engine.DeltaTime)
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3. " | want my effect to react to the player walking through it ”

(B Empty
1]

) Emitter Settings
& Emitter Properties
© Emitter Spawn
2 Emitter Update
** Emitter State

Spawn Particles in Grid

O Particle Spawn

cloal®®

Initialize Particle

Grid Location

ExpectedPosition
) Particle Update

o @

Particle State
DistanceToPlayer
NormalizedPos
NormalizedExpectedPos
Set: ExpectedPosition
Set: Velocity
“  curl Noise Force Custom [
Set: Position
Set: (PARTICLES. ToExpectedPos

4 Set (PARTICLES) DistanceToExpectedPos +0M

DIEEIE PGNP |ength(Particles. ToExpectedPos) v 3

4 7 Color 8]
4 Color | Lerp Linear Colors L
StartColor L B

[Foe——forooJaiso ]
EndColor -9

Set: (PARTICLES DistanceToExpectedPos
Set: Position

Leppacr .. criois istancerobpetedros 500 [
v

4 7 Scale Sprite Size x o @

Scale Sprite Size Mode 2

4 Non-Uniform Curve SpriteS £ Curve for Vector2D's v

- e S
Templates ~~ N TN /T A S N A
X o = 05
5 =
[ 3% n

6
4
2

LBV NG Particles.DistanceToExpectedPos / 200

Color

Scale Sprite Size

Sprite Facing and Alignment
A Add Event Handler

W/ Render

¥ Sprite Renderer

o #H o
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Non- o urve Scae -
v
4 7 Sprite Facing and Alignment <o @
W spreFacing -

[ Sprite Alignment Player - Particles.Position =
Alignment Coordinate Space -

#GDC22

GOC



4. " | want to conform my particles to the terrain but |
don't have distance fields in my game”

“EFie

TI:I =

What can we use? P
Emitter Properties
© Emitter Spawn

Any Particle Type  Emiter Update

** Emitter State

* Spawn Rate
© Particle Spawn

Input Render Target % i

° Cylinder Location
° Sample Texture

Position Based UV Sample set. @ERED posiion

P Particle Update
.

Sub UVAnimation
®  Particle State

POSiti 0 n Offset " Dynamic Material Parameters

®  color

®  Scale Sprite Size

A Add Event Handler
\/ Render

¥ Sprite Renderer

3 Sprite Renderer

3
Inn.nmmss.mms <] snnmﬂﬂ
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4. " | want to conform my particles to the terrain but |
don't have distance fields in my game”

v

) Emitter Settings
Emitter Properties
© Emitter Spawn
2 Emitter Update

Emitter State

* Spawn Rate

© Particle Spawn

== Initialize Particle

StartTimeOffset
Scale

Cylinder Location

Sample Texture

Position

P Particle Update

Sub UVAnimation
®  Particle State

Dynamic Material Parameters
.

Color
®  scale Sprite Size

A Add Event Handler
V7 Render

¥ Sprite Renderer

* Sprite Renderer

so*fBoooococfooco|lo cBoal®*
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4 © Cylinder Location x oM
Cylinder Height va
Cylinder Radius (USER) Radius va
Cylinder Height Midpoint -
Apply To Particle Position

4 Distribution

Cylinder Distribution
Surface Only [ |
Hemicircle X [ ]
Hemicircle Y [ ]
Enable Lathe Profile [}
4 Transform
Scale Mode
o urform cae -
Rotation Mode
Rotation Coordinate Space Local ~ -
Offset Mode
Cylinder Origin PART Position v
v

4 O Sample Texture xoE

4 Texture & Texture Sample v
4 Texture

- ConformToTerrain_RT.
€ 0o
w BN (1 - (Particles Position.xy - Engine.Owner.Position.xy) + User Radit

4 O Set (PARTICLES) Position

PA Position

o2 Add Vector

UVSample = (ParticleLocalPosition + SpawnRadius) / (SpawnRadius x 2)

#GDC22
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5. “ | want to build multiple states into a single effect ”

CMuistate NS (E Empty
€) System Settings & ¥ D
User Parameters ) Emitter Settings
Wha t can we us e? System Properties G0 Emitter Properties
O System Spawn B © Emitter Spawn
7 System Update [ ) Emitter Update
. ®  system State o Emi
_ A n y P a rtl C I e Ty p e ResetTimers - :::::BS:: Instantaneous
Timers

© Particle Spawn
Set: (PARTICLES,

- Input Float / Int / Bool

- Custom Conditional Timers
- Curves Sampled By Timers

S LookAtVector

S ScaleCoeff

) Any Number Of CUStom Particle State
Parameters and Inputs s

RTICLES = SideAxis

Set: PARTICLES  UpAxis
Orient Mesh to Vector

A Add Event Handler

N/ Render

W Mesh Renderer

cFffoocococococoononn o MooooBoaFHE
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5. “ | want to build multiple states into a single effect”

4 7 System Update [ < |
b % System State o
4 7 ResetTimers (Set (SYSTEM) Timer1 (+1)) + o
4 (SYSTEM Timerl |#7 Make Custom Float from Bool 2 Gl
True Float _ va
4 SYSTEM Timer2 |7 Make Custom Float from Bool T
- -3 1 61
True Float _ v a
2. 54
4 7 Timers (Set (SYSTEM) Timer0 (+2)) + o
4  SYSTEM  Timer0 |+ Make Custom Float from Bool va
Bool Pl User.State == v 2 3 ® o 7
False Float _ >
4 SYSTEM  Timer1 |#”* Make Custom Float from Bool it
4 | SYSTEM Timer2 |#” Make Custom Float from Bool v 2
Bool P User.State == >
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5. “ | want to build multiple states into a single effect”

T
€) System Settings B

User Parameters
System Properties
O System Spawn &
? System Update !

System State
ResetTimers
Timers

(& Empty
O

) Emitter Settings
v Emitter Properties
© Emitter Spawn
) Emitter Update

Emitter State

- Spawn Burst Instantaneous

© Particle Spawn

ExecIndex
RotSpeed

=~ Initialize Particle

PARTICLES  Position

LookAtVectors

Particle State

Scale Mesh Size

LES" SideAxis

LES UpAxis
Orient Mesh to Vector

A Add Event Handler

N7 Render

W Mesh Renderer

TICI
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Timer0_Curve
Timer1_Curve
Timer2_Curve

LES ' LookAtVector

En&&&&

PARTICLES = ScaleCoeff

cffocococococoono
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4 O Set (PARTICLES) ExecIndex (+1)

4 Execlndex |+ Return Normalized Exec Index
Normalized Index Scale ([ 5
Normalized Index Includes [

+o @3
]

b O Initialize Particle o @

4 O Set (PARTICLES) Offset +0M

4 Offset |+ Float from Curve va
4 FloatCurve € Curve for Floats -

4 Curve N~ 2 --

Templates =~ N TN /T AN S N A

cococoo -
NroO®

Curvelndex va
Scale Curve 1.0 -

4 O Set (PARTICLES) ScaleOffset (+1) +o@

4 (PAR |+ Multiply Float va

4n | One Minus Float va

Float v

B 3.0 K va

ScaleOffset | Multiply Float va

|+ One Minus Float v

va

B v

4 O Set (PARTICLES) Offset
|2 Float from Curve
4 FloatCurve £ Curve or Fats

4Curve - B

Tempiates <~ NN SN SN A
[}

+08

v
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5. “ | want to build multiple states into a single effect”

Set (PARTICLES) LookAtVector +08@
PART] o2 Lerp Vector va
|2 Lerp Vector va
o2 Lerp Vector ~va
= A LookAt_State0 v
4 7 Set (PARTICLES) Timer0_Curve (+2) +o 5 LookALStatel .
Timer0_Curve | Floatfrom Curve SA% Alpha Timerl_Curve Sc
4 FloatCurve £ Curve for Floats > ) B LookAt_State2 va
Blco e N 2 - - Alpha Timer2_Curve va
B PPARTIC LookAt_State0 v
Templates Fl e Y G S 6 BS 28 Alpha Timero_Curve va
— 05 L
06 4 7 Set (PARTICLES) ScaleCoeff
04 =
02
o - A a
» 8 a
S € + @ ceyvata [ ——
4 Alpha |2 Float from Curve va
Curvelndex P saturate(System. Timer0 - Particles.Offset) v 9 4 FloatCurve £ Curve for Floats va

Scse e - < cure A e [ 18

© (PARTICLES) Timer1_Curve |2 "Float From Curve” ]
- Templates =~ > T\ /7 AN N A

RTICLES) Timer2_Curve [ "Float From Curve” va ' . o5 4
08 -
v 06
4 % Set (PARTICLES) Position +@o T
4 Position o Add Vector va o
S €3 + @ ceyoas I —
A {ENGINE ) OWNER JERETTT) va
Curvelnde -9
48 |2 Lerp Vector i) rvelndex
Scale Curve 1.0 -
47 | Lerp Vector Sl v
4A [ Lerp Vector o 4 7 Particle State @
A = KillParicls When Lfeime Has Elapsed (B
8 o A
- 4 7 Scale Mesh Size o
Alpha PAR Timer1_Curve wo a
Scale Factor XT) ScaleCoeff va
8 v
Alpha PARTICLES| Timer2_Curve -2 4 7 Set (PARTICLES) SideAxis +a
8 = Sidetis
Alpha PARTIC Timer0_Curve -2

4 7 Set (PARTICLES) UpAxis
UpAxis.

4 7 LookAtVectors (Set (PARTICLES) LookAt_State0 (+2)) + o
PATICLES) Look 100 <5 [5 orientMesh o vector am
2o AR NI B normalize(float3(sin(Particles. RotOffset + Engine.Time * Particles [Rdie} Look At Direction LookAtVector va

i RN normalize(User. TargetL ocation - Particles. Position) va [ side Axis Direction Sidexis va

[ Up Axis Direction

UpAxis =)

LG (CRE PRI PSS EIO RPN normalize(float3(sin(Particles.RotOffset + Engine.Time * Particles.RotSpeed.x), cos(Particles.RotOffset + Engine.Time * Particles.RotSpeed.y), clamp(sin(Particles.RotOffset + Engine.Time * Particles.RotSpeed.z), -0.99, 0.99))) Ca)
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Thank You!

LinkedIn: www.linkedin.com/in/phillipjamesFX
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