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Introduction

eWho are we?
eWhat s this talk? Who is it for?
eUnreal 4 Specific?
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Who Are We”?

Dan Bruington

Technical FX Artist at FXVille
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Who Are We”?

Brittany Hein

Senior FX Artist at FXVille
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We're hiring!
Site: www.fxville.com
Email: jobs@fxville.com
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What Is this talk?

Topics we'll be covering:

o Using features of Blueprint to visualize / debug data
o Niagara features for understanding particles

o Materials techniques and built-in functions




Who iIs It for?

Knowing how to debug Is important!




Who iIs It for?

Niche discipline




Who iIs It for?

Content creator control
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What iIs this talk? Who Is It for?

Knowing “why” can lead to innovation




Unreal 4 Specific?

Examples using built-in workflows

UNREAL

ENGINE
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Unreal 4 Specific?

Techniques broadly applicable, but methods may vary
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Blueprints

e What are they?

o« Dynamic Materials

o Debugging variables

e Tool example: DisplayParticleNames
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Blueprints

Unreal’'s node-based visual scripting

<> Event BeginPlay | Spawn System at Location . _J Print String
>

T — System Template Return Value In String
My Particle . [ HelloWorld! This is my particle |
ocation Mmool i
_ — Development Only
" f GetWorldTransform HELET v

largei is Scene Component N Scale

. arge ieturn Value Location @ = 10 10 10
Default Scana Root Target Return Value Location @ |_| |_|| |

Return Value Rotation @ = Auto Destroy @

Return Value Scale O |
Auto Activate [

Pooling Method

Pre Cull Check [




Blueprints

Creating dynamic materials




Blueprints

Assigning dynamic materials

: _J Create Dynamic Material Instance [ Set Material " f set Scalar Parameter Value
8 Construction Script E'i For Each Loop Target is Primitive ( Target is f v Target is )\ ]
p — P Exec Loop Body p = P [ ———————r _

i Make Array Array Array Element Target Return Value Target Target

P — __ 1

- ik (0] Array Array Index O Or Element Index [0 | O+ Element Index [0 | ~, Parameter |NamE
ey - — — <" | Random

] Completed [ Source Material Material B N

Add pin 4 M_Dynamic_Mat _~ @ Value

e ——

Cube1

7 Optional Name | None |
© f Random Float in Range
O» Min [0.0 | Return Value @ -

O Max [1.0]
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Blueprints
Viewing dynamic material parameters at runtime

- = ¥ Light Source

Edit BP_Sky_Sphere

4 Materials

MaterialinstanceDynamic_0

Element 0 & D -

8 actors (1 selected)

¥ Details

.
S Add Component:= £ Edit Bluepri

Search Components

® BP_InspectDynamicMaterial(self)

K DefaultSceneRoot (Inherited)
Sphere (Inherited)
Spherel (Inherited)

Search Details

Static Mesh

4 Materials

MateriallnstanceDynamic_0 v

Element 0 ¢ e Do

4 Physics

Simulate Physics
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File Edit Window Help

' H e (ll‘
¥ & 3 E <. &.S5. N p . A
~ \
Save Current  Source Control Modes Content Marketplace Settings Blueprints Cinematics Build Play Launch

[_“ « Perspective ][ | | g 590 ] 19- | |Z|E|[E o = World Outliner

Label Type -
& 4'JA EmptyLevel (Editor) World
& "< Atmospheric Fog AtmosphericFog
& ® BP_InspectDynamicMaterial Edit BP_InspectDynamicM
<> {3} Floor StaticMeshActor
& ¥ Light Source irectionalLight
S = Player Start ayerStart
S ® Sky Sphere Edit BP_Sky_Sphere
S A% SkyLight kyLight
& #: SphereReflectionCapture Sphere sctionCa

8 actors (1 selected) @ View Options v

% Details

) z
+Add Component-= %% Blueprint/Add Script
[SeachComponenss

i} StaticMeshComponent (StaticMeshComponent0) (Inherited)

Y = ] o -

SM_Template_Map_Floor v
0"

Static Mesh

v

4 Materials

DefaultMaterial -
8 e 0>
(B

v

Element 0
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Blueprints

Sending debug parameters on dynamic materials

f Create Dynamic Material Instance
¥ Construction Script '?-) For Each Loop 3 rimiti

Target

b — P Exec Loop Body p —— P [ ]

Arra Array Element Return Value
# Make Array y y
Array Index O»
(0] T ¥y O Element index [0 ]

(1] Completed [ Source Material Material
Add pin + M_Dynamic_Mat

Value
[2] T mml
(3] O» Optional Name | Ncnne|
3 S

Target

Or Element Index |F| F'arameterTame
—] = | Location

" J GetWorldLocation

o
Target Return Value @ — @ "
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Blueprints

Location %

Param (0,0,0,0) Mask(RGB) V¥ _M_Dynamic_Materials

® — o @® ——— @ BaseColor
O Metallic
O Specular
O Roughness
O Anisotropy

O Emissive Color

O Normal
O Tangent
O World Position Offset

O Ambient Occlusion

O Pixel Depth Offset




11 EmpIyIeve]s)

File  Edit Window Help

IR SRR B T JC R

Save Current  Source Control Modes Content Marketplace Settings Elueprints Cinematics Build Play Launch

I@[ Perspec:ﬁua][\, Lil][Shnw] WHEJ|:‘E| 500 l[ﬂl ‘E'd][-’ | 0.25 ][ % i‘] B = Worid Outfiner

e =) +

™ WherePartic

Label Type

& 4'gd Emptylevel (Editor) World
e Atmosphenc Fog AtmosphencFog

“® EP_Dynamic_Materials Edit BP_Dyn:

%% Light Source

"™ Player Start

@ Sky Sphere

3 SkylLight

&, SphereReflectionCapture SphereReflectionCapture

< <

T actors @ View Options =

@ Details

Select an object to view details,
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Blueprints

Debugqging variables: Print string!

< EventBeginPlay | Print String | Print String [ PrintString | Print String
> — » D =— »

| GetOwner
: [ GetDisplay Name

Target Return Value Object Return Value

[ Get Attach Parent
[ GetDisplay Name

Target Return Value Object Return Value

g  Get Attach Socket Name

Target Return Value @

f GetWorldLocation




O NET_ExampleScalabilityS 4@ Blueprint_Printing_Breaks

AL [ Empnieves O N3 Scalability_ParticleCc
File Edit Window Help
« = Vi od 'lj'
! * b 4 vv ? n vt o ‘ v ."_\\ ' v 'h v > v \s v
Modes Content Marketplace Settings Blueprints Cinematics Build Play Launch

Source Control

Save Current

© i

L

== Content Browser
€ 5 | & Content » P1_Blueprints » P2_Printing_Breakpoints

Save All

I Add/import =
= Y = = T e+~ [
Static Mesh

“ Content

> & Developers
[ i InfinityBladelceLands

M Maps
4 m» P1_Blueprints
M P1_Dynamic_Materials

~lnnints

kpoints

FHINN

14 ..-g,u.
I #m P3_Display_ParticlePostion

4 @ P2_Niagara
m P1_ParticleAttributeSpreadsheet
Bm P2_Scalability_ParticleColor
Bm P3_RenderBindings
> | P3_Materials
4 items (1 selected)

[ #m ParagonKwang
D DarananTuwnnhlact

DefaultMaterial ~ DefaultMaterial_Inst P_PrintParticle
@ View Options ~
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View Debug  Window

. r T Details
y — 4 - ' ,@ “ o " < a a ﬁ M No debug objpect selected v
A CEm— ~ J -

Campile Save Browse Find Hide Unrelated Class 8ettings  Class Defaults  Simulation Play Debug Filter

@ Blueprint_Printing_Breakpoints(self)
™ Viewpor: f Construction Serip == Event Graph

T o G5 G G0N OB GED 6 Y| 4 ® | @2 Blueprint_Printing_Breakpoints > Event Grap

4@ DefaultSceneRoot
¥ TwnBlast °
¥ KwangSunnse
# P_PnntParticle

(ONOTETANUOMIYSPaWNed iPar]

© Event BeginPlay
»

Ter! "y HAarante A - -
PICKErandomcHaracterdoatta s %
—_—
P Prant Particle & ® Tacget Return Vatue
M vy Blueprint Twin Blast © : i
® [0 Array & Parent
-~ ~ > - ¢ ren

K Sunrise © 3]
e o1 Add pin 4 @ Socket Name

4Graphs + (T Random l;legaiiw Location Rule

Keep Helatw
432 Eventoraph

> Min[0] Return Value @

O Event BeginPlay Rotation Rule
€ Event ActorBeginOverlap 1 » Max {1
© Event Tick 3 Scale Rule

4 Functions + ’

Weld Simulated Bodies

*1 ConstructionScript
Macros + A ‘ 1
4Variables +

4Components PICK@Tantom SocKettoattachno!

* P_PrntParticle

KwangSunrise 7”"0‘“"‘"

TwinBlast > Value [Chest Retumn Value @ Lt Array 18
» DefaultSceneRoot _ 4 e[l

| J Make Literal Name Add pin

O Value [Root]  Return Value @

Event Dispatchers +

[ J Random Integer in Range

> Min [ 0] Return Value @

» Max | 1]

B Compiler Results

Clear
824 PM

,G ® v @ w O A®8 T oy
Y,

= m 9 9 @ E O 7 B

_; ® GOC™ GAMZ= DEVZLOPERS CONFER=NCE | July 19-23, 2021 | #GDC21




Print String

TIpsS:
Use print string for values that change rapidly.
Use append string to combine multiple pieces of data.

Also, you can color code them!
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S\ @ BlueprintPrinting Breaky  # P_Fire Torch Green

i Edit  Window Help

e =R S N P Al

e Current  Source Control Modes Content Marketplace Settings Blueprints Cinematics Build Play L.aunch

o = - . Label ~ Type

i i " i l' i N . ANV I )y —
] = o o ; LR Show i \ o Ou Blueprint_Printing_Breakp: Edit B
fy Floor

¥ Light Source

** P_Fire_Torch_02

™ Player Start PlayerStart
® Sky Sphere Edit BP_Sk
% SkyLight g

®, SphereReflectionCapture =
® VisualLoggerRenderingAc! 1ILogge

10 actors (1 selected) @ View Optio

% Details
L B Blueprint_Printing_Breakpoints
) mpo "’3 -

FA orent~) s Edit Bluepri

(o Blueprint_Printing_Breakpoints(self)

4 7, DefaultSceneRoot (Inherited)
TwinBlast (Inherited)

[Search Detas ___________Off &
4 Transform
Location « m
Rotation » I:l:m- 0.0° m
Scale » II:“'I:‘ -1,0 N '},

4 Rendering

Actor Hidden In Ga [l

Editor Billboard S¢ _

4 Replication

Net Load on Client

4 Collision

Generate Overlap £ [l

WLLEICIOTLELEE Use Config Default w

P

Default Update Ow i) 5

4 Input

Auto Receive Input BEEGAY v

4 Actor
1 selected in Persistent Level

Convert Actor



Blueprints

Be a friend, don't check in too much debug Print String!
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Blueprints

Debugging variables: Breakpoints!

f AttachComponent ToComponent
‘—I » »
Target Return Value

Farent
—1 @ Socket Name

Location Rule
Keep Relative

Rotation Rule
Keep Relative

Scale Rule
keep Relative

Weld Simulated Bodies [




EmptylLevels ’il_aluepnm_Pnnng.Break R
Edit Asset View Debug Window Help

. Components 4 A *
Add Cormponent=| S o WO W

Compile Save Browse Find Hide Unrelated Class Settings  Class Defaults  Simulation Play

% Details

’ m ﬁ > B Blueprint_Printing_Breakpointsw %)

Debug Filter

Blueprint_Printing_Breakpoints(
= Viewport f Construction Scrip m= Event Graph
& DefaultSceneRoot

f TwinBlast b ‘ » ==
¥ KwangSunrise
# P_PrintParticle

b #§ Scene

GETNTONNauon o anuomIySpawied Paricie

& Event BeginPlay
»

My Blueprint
e~ S -
» [ 4

aphs ] g . .
2 P Print Particle & @ Target Return Value

EventGraph Twin Blast w = B z
| g & Parent

nctions (18 Overiidable [ Kwsngsuisee B ® 11 ddpin 4 @ Socket Name

f I AttachComponent ToComponent

Location Rule

ConstructionScript - ' ——
/| Random Integer in Range ez
acros “» M ul Return Value @
Rotation Rule

briables ]

bmponents 4 Scale Rule

Kamn P Print Particle ¢
Weld Simulated Bodies

ent Dispatchers

'

PIcK arandom socket to attach 1

- T - T e
{J Make Literal Name _si& Make Array

> Value [Chest Return Value @ ® (0] Array i

® 01 Addpin + b

[ [ Make Literal Name

» Value | Root Return Value @
[ J Random Integer in Range

> Min [0 | Retumn Value @

‘~Mal

BY Compiler Results

Clear
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Blueprint Tool
Display Particle Positions

v
v ¥ 3

P_Mistrising_light



Display Particle Positions

Goal: While playing the game, | want to know what particle systems are
active In specific locations.

Sometimes you see a particle and it is not clear where it came from, or
what system it's in, and ejecting and finding it in the outliner is non-trivial.

Solution: A blueprint that we can place In the level that will display the
names of particle systems at their origins.




-*. Components }" Toolbar

+Add/Component:= fo) e9r¢ . @ n‘ ‘r.
- e . -
(J Display_ParticlePostion(self) r e m 4 ‘ . s
Compile Save Browse Find Hide Unrelated

‘Defaul‘rSceneRooT

2E Viewport f Construction Scrif m= Event Graph

W

M My Blueprint

& Add New v

4Graphs +
4% EventGraph
{ Event BeginPlay
€ Event ActorBeginOverlap
< Event Tick
4Functions (18 overridal +
*r ConstructionScript

Macros +
PATETE [ +
4 Components

DefaultSceneRoot

Event Dispatchers

a2 Display >

GALTETR GO SHINHESCEN AN U N IETatENITONGIIHIEICOINPONENLSS

NN SR IR EV ELYACO S LY e SpECTAl Y ST CEWET €U OTH G N LUOTICKATHTSICASED

BEMEMPETAIIENSH O G EDUGIPUTPOSESIONIY.

< Event Tick f Get All Actors Of Class ’F) For Each Loop
»P — P — P oExec Loop Body [
Delta Seconds O» Actor Class Actor Out Actors Array Array Element
Array Index O»
Completed [

Debug Filter

’ -l’! "‘ ’ " No debug object selected «

Class Settings [CIESEINETAWIIER Simulation

f GetComponentsByClass

Target is Act

Target

Component Class

FXSy

Return Value

High level concept:

-Gather all actors in the
scene

-Iterate through their
FXSystemComponents

-DisplayDebugText at
their component
locations



e

Eoreachiparticle;.component; displayatsitemplate namein spaceat tiie componentsiocation:

For Each Loop »+ Cast To ParticleSystemComponent

P Exec Loop Body . ] » » True [P

i1 Array Array Element @ N @ Object Cast Failed p | Condition False [

| Draw Debug String
v D

@ Text Location

Array Index O» . i As Particle System Component @
| Text
Completed [>

Test Base Actor

Text Color .

Jarget 18 Actor {

B 5 Target Return Value O Duration | 0.0

Deyelopment Only

Get Display Name

© Target Template

@ Object Return Value

|
1

“J Draw Debug String
SComponentiworid 3 D
jocation used fortext @ Taxt Location
" J GetWorldLocation Text
Targei is. Scene Component Test Base Actor

@ Target Return Value @ Text Color [

O» Duration

Deyelopment Only

1 . 1o e J Draw Debug String
(CBranch »

B True B § @ Text Location




Nljagara

»+ Cast To NiagaraComponent

Object CastFailed [>

J Is Active

As Niagara Particle System = S
arget Return Value

J Get Niagara System Asset

Target Return Va

\ {_ Branch

\
*“. . -Hli‘.

.
\

Condition False

/ Get Display Name

lue Object Return Value

\

\
\.
N\

Red: Niagara

‘Red:Niagara

| Draw Debug String
13
D @ TextLocation
Text
Test Base Actor
Text Color

+ Duration [ 0.0

Deyelopment Only

Gray: System is not active

\Gray: Systemis not active

{ Draw Debug String
B

~— ® @ TextLocation
ext
Test Base Actor
Text Color
>» Duration |0 :‘|

Development Only
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’l[ 'DebugParﬁcIeNsmesMap-

Window Help

File Edit Asset View Debug

-%. Components JF Toolbar
® Display_ParticlePostion(self) # X
Compile

& DefaultSceneRoot =
we Viewport

v e

M My Blueprint

add New - EXTII ©) © -

4Graphs +
4% EventGraph

© Event BeginPlay

(} Event ActorBeginOverlap

€ Event Tick

AFunctions (18 Overridable +

#¢ ConstructionScript

Macros +
4Variables +
4 Components

» DefaultSceneRoot

Event Dispatchers +

B Compiler Results

4

& Details

[sarcn Detais O 2 B

4 Graph Node

Comment Nlagara

4 Comment

o comment NG -

Show Bubt
Color Bubh [l

L o 7

Save Browse Find Hide Unrelated

@ = D

Class Settings  Class Defaults  Simulation Play

S No debug object selected »

Debug Filter

m= Event Graph

-f Construction Scrig

SAETEAECIONS ]n 'fh'—* eraten JJ'J.J_JJJ eI "um,wuénss.

EOTeach pa

NONESEXYIBENV ELS 1 se.
BREMEMBER IS

© Event Tick | Get All Actors Of Class : !! For Each Loop t!:!ior Each
»P — P — P Exec Loop Body [P P Exec
Delta Seconds O» Actor Class Actor Out Actors i 55 Array Array Element @ ertComponentsByClass 25 Array
laiget is Actors
Array Index O» =
Target Return Value [
Completed
- D Component Class
FXSystem Compor w
V]
(® Find Results
1 ful i B i 1 rtic ) ] rticl i ispl rei 1
Clear
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(p\ WhereParticlesAt —[=1laTX

PR

File Edit Window Help

B & N =8 85510

Save Current  Source Control Modes Content Marketplace Settings Blueprints Cinematics B Pause  Stop Eject

= World Outliner

LIGHTING NEEDS T0 BE REBUILT (18 unbuit cbjects) Y =)

B

Label Type
& A"J DebugParticleNamesMap (PIWorld
*&* Atmospheric Fog AtmosphericFc
*% CameraActor CameraActor
®A] DisplayParticleNamesGM Edit DisplayF
i} Floor StaticMeshAct
® GameNetworkManager  GameNetwork!
® GameSession GameSession
=1 GameStateBase GameStateBas
%* Light Source DirectionalLig!
® NS_NiagaraParticleSphere NiagaraActor
® ParticleEventManager ParticleEventV
™ Player Start PlayerStart
® PlayerCameraManager  PlayerCameral
"¥ PlayerController PlayerControll
® PlayerState PlayerState
** P_MistRising_light Emitter
@ Sky Sphere Edit BP_Sky_
&% SkyLight SkyLight
Y SM_Env_lce_Graveyard_SaiStaticMeshAct
¥ SM_Mountain_Dig_Barrier_ Edit SM_Maot
A QM Mauntain Din Ramier Edit SA Mas

QOQOO00000000000000

)

38 actors @ View Options v

@ Details

Select an object to view details.

&8 Content Browser

lAdd/import > | (2 SaveAll € 5 % Content » P1 Blueprints » P3_Display_ParticlePostion »

< Ny ) (=) v rifers ~

4@ Content Static Mesh
I & Developers
I i InfinityBladelcelLands
B Maps
4 @m P1_Blueprints
. P1_Dynamic_Materials
m P2_Printing_Breakpoints
»[__JP3_Display_ParticlePostion
P #m P2_Niagara DebugAssets
I | P3_Materials

I W ParagonKwang
b W ParagonTwinblast 2 items (1 selected) @ View Options v

Display_Particle
Postion

.
.
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Display Particle Positions

e Display Bounds
e Point to Owning Actors
e Various Info: Active Particles, Instance Parameters

“f Get Component Bounds
Component Origin O»
Box Extent O»
"»+ Cast To ParticleSystemComponent Sphere Radius O

B D

Object Cast Failed

" f Get Num Active Particles

As Particle System Component
Y P Target Return Value O




Niagara

e Whatis it?

e Using the Particle Attribute Spreadsheet
o Scalabllity Settings and Debugging

o« Renderer bindings
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Niagara
Extremely powerful, lots of data visible to you
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Niagara

The Particle Attribute Spreadsheet

v ¥ Toolbar o= n
e =

Tar Editor Viewportw
Cap '»_E-EI Emitter: "Emitter]”
v Timeline Particle Update

v Parameters ++ 3 - | Input Pr
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Toolbar

Save Browse v Curves

Preview
Emitter Settings
Emitter Update

a Instantaneous Filter Attributes

Particle Spawn Color.A

Particle Update

M Find in Blueprin

¥ Project Launcher Add Event Handler

Render

Localization Dashboard

Load Layout
Layout

Remove Layout

Enable Fulls




Niagara

The Particle Attribute Spreadsheet- Filtering

Filter Attributes

Output Attributes
Toggle All
Age
Color.R

Color.B

Color.A

Lifetime
MaterialRandom
NormalizedAge

Position. X

SpriteSize. X

SpriteSize Y

¥
v,
¥
7 C
v
7
v
7
v
=
v
2 p
2 p
Wl &
v
=
v

UniquelD

18




File Edit Asset Window Help

¢ Toolbar
O 5 @ h . >
- X - - - ! -

Save Browse  Compile Thumbnail Bounds Performance Simulation

=2 Preview parameters

(-] pespecive] X ©
Particle Counts e o
20 Current, 20 Max (est) - [Emitter1) ’ [ System Attributes +
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0 Current, 0 Max (est) - [Emitter3] Emitter Attributes +
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Store_birth_time
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& Scratch Pad

NS_ParticIeAttributeSpreadsheet

]|

€ Emitter Settings
‘G Emitter Properties
O Emitter Spawn

% Emitter Update

*  Spawn Burstinstantaneous
O Particle Spawn
2 initialize Particle
" sphere Location
7 Particle Update

*  Particle State
A Add Event Handler
~/ Render

¥ sprite Renderer

€ Emitter Setting=
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Q Emitter Spawn
M Emitter Update
Exmitier State
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f % § B AW

L&

[ | 10.10 11.36

@ Preview Scene Sett
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Niagara

The Partlcle Atrlbute Spreadsheet Capture source

. : o @)= @l )] o=) amm a
Sea

#= Content Browser
I Add/import v, [@ SaveAll € & Content » P2 Niagara » PI1_ParticleAttributeSpreadsheet

PRI Search Paths LOIEBRGLERM S-arch P1_ParticleAttributeSpreadsheet
I Static Mesh

4= Content
> & Developers
D i InfinityBladelceLands
. Maps
4 @ P1_Blueprints
I P1_Dynamic_Materials
. P2_Printing_Breakpoints
P #m P3_Display_ParticlePostion
4@ P2_Niagara
|
B P2_Scalability_ParticleColor
#m P3_RenderBindings 1 item (1 selected) @ View Options v

NEGEIE]
System
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AL " DebugParticleNamesMap+
File Edit Asset Window Help
JF Toolbar

O %% @

Save Browse Compile Thumbnail Bounds Performance Simulation
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Niagara

Scalability Settings




Niagara
Scalablility Settings — Niagara Effect Types
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Scalability Settings — Reading NET values in your systems
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SpriteRenderer
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Sprite Renderer Bindings and their Data Types

Position Binding

Color Binding

Velocity Binding
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Mesh Renderer Bindings

Position Binding
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Materials

e Why debug through materials?

e Using Emissive Color to display data

o Math nodes to manipulate value ranges
o Displaying scalar and vector data
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Materials

Display your data by drawing it!
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Materials

“Just output that as the color please.”




Materials

Object Bounds

M_ActorBounds
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Materials

Buffers (Scene Depth, Custom Depth)

4 Rendering
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Materials

Frac, Abs, and other manipulations

f M_ColorFrac
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Fracing a modified texture value to see Its ranges
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Materials

Color Curves or Gradient Textures

Texture Sample A
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Materials

ccccccccc

25-50%
250 UNITS

UNITS  75-100%
375 UNITS

>100%
>500 UNITS




Materials

Useful Test Assets

3-Axis Arrow Mesh
Vertex Colored
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Materials

DebugScalarValues

Dynamic Parameter
DebugScalarValues

Param]1 Number (S) Result @ @ Emissive Color
Param2 O» MaximumNumberOfDigits (S)
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Param4 O» DebugTextLocation RG_UpperRight BA_LowerLeft (V4)
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Materials

DebugVector|x]Values
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Position »

Color =

Velocity =
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Summed up!

o FIX your stuff, when you can!

e When you can't, if it's an engine bug, maybe you can
write a good bug.

o Have real data to talk to your friendly tech artist or
graphics programmer to get help

e Be empowered to make more complex content!
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Thank youl!

Dan Bruington
dbruington@fxville.com
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