Bremen

.

o
- "
o &P
)
! o

>
R

g : sl 8 =
i ~ \ % ‘\'n .Ji‘-:'
CA ) B\
Y \

L \

VAR 4\

\ 4 \ 4
Ay

Real-Time Tech Demo der Unreal Engine-5

A. Muhlenbrock, CGVR, Universitat Bremen



Bremen

U OQverview

* What is the Unreal Engine 5?

* A Game Engine / Graphics Engine

* Primarily for 3D applications

e 2D games are also possible (see Paper 2D).

 Competitors: Unity, Godot (free).

* Licence: Free to use up to $100,000 in revenue per year, 5% of revenue thereafter
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Y Applications from CGVR

Uni Bremen

Uni Wirzburg

_//_INVENT

Anvas FAU INVENT

CHOOSE YOUR NAME:  stud16

Dental Sim Coral Reef VR VaMEx VIB / MUSC
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Y Applications from CGVR

Dental Sim
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Applications from CGVR

¥ VTB-Output (RGB) ¥ VTB-Output (IMU)
vtb/ugv_0/rgb_0 (600 x 300) : Linear Acceleration:

Angular Velocity:

| ¥ VTB-Output (Depth)
B vtb/ugv_0/depth_0 (600 x 300):

Orientation:

" ¥V VTB-Output (LIDAR)

‘\}.' Note: This renders the last 61400 received points, so a smear/blur effect might occur if less points

Sun Sensor Heading ( 353.115):

\4

Radio Navigation (Beacons):

3406.588 3130.890 -895.350

VaMEx-VTB
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Y Engine vs. Editor

* Unreal Engine
* Contains classes for rendering, physics simulation, audio playback, etc.
* Is shipped with the developed game

* Unreal Editor

* Powerful tool tor developing games with Unreal Engine

* Design levels, materials, blueprints and animate.

* Is not shipped with the developed game

Introduction Previous Work Overview Details Results Conclusion
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Y Unreal Editor

File Edit  Window Tools Build A Actor Help
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» _ © CrexPreviewBP]
[EY8 instance : ' 7y 1 5 DaytimeSimulator]
DLRRadioNavMockup
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[BY8| Sequence Media Controller - 1 ' R P e Sy Landscape2
: ’ E . ' » MarsSkyBP

= &

[IBYE| Sequence Actor

. : - i o . ‘ 0w Rl e : 131 actors (1 selected)
[BVE| streaming Volume ) ; : . - : 131 actors (1 selected)

# Details ® World Settings
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[EV8I Variant Sets Actor CrexPreviewBP1 + Add

© CrexPreviewBP1 (Self)
Packed [IBYB| Actor ? o , : T
& Skeletal Mesh (SkeletalMesh) Edit in C++

: X Selected Actor(s) in A LiDARSensor
Replicated [IBJf8| Sequence Actor : - S ; EvaporitesMap_Configl (Persistent)

Current Context
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e
—
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i
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<2 StaticMesh

A | MUSensor

A Level

EvaporitesMap_Config] (Persistent) w Q
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B5 ContentBrowser x [ OutputLog

Rendering Streaming

- A A ~ % f Swar ite ‘ro
-+ Add ¥) Import Save All ®© All > Content > VaMEx > SwarmUnits > Crex

Transform

)
v Q Location 2875551971 | 1567421275 -718,211869

b Favorites Q

v VirtualTestbed Q Rotation 00° 100° 00°

m Landscape ‘ s _— - _ o Scale &£ (|10 1.0 1.0
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mm NoiseModel Default
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B Artemis - w ROS2Skeletal Robot
#m Crex
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b Collections ® Q : v Mesh

8 items (1 selected)

Skeletal Mesh

B5 Content Drawer [ Output Log Cmd v JilTrace @ [ == Derived Data st d Fy Allsaved F Revision Control
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Y Unreal Editor

File Edit Window Tools Build f Actor Help VirtualTestbhed
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v VirtualTestbed

Landscape
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& SwarmUnits
B Artemis
Crex
B RoverA

b Collections . o .
¥ ® Q 8 items (1 selected)

B5 Content Drawer [ Output Log Cmd v
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CrexPreview...

BP
Blueprint CL.

Overview

Details

Selected Actor(s) In
EvaporitesMap_Config] (Persistent)
Current Context

A Level

EvaporitesMap_Config] (Persistent) v
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© CrexPreviewBP1
© DaytimeSimulator]
© DLRRadioNavMockup
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# Details ® World Settings
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CrexPreviewBP1 -+ Add

© CrexPreviewBP1 (Self)
%_ Skeletal Mesh (SkeletalMesh) Edit in C++
A+, LIDARSensor
<% StaticMesh

A+ IMUSensor

Q

General ctor LOD
Rendering Streaming
Transform
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o |10 1.0 1,0
Default
Visualize Ros Mess.
ROS2Skeletal Robot
Skeletal Mesh =2, Skeletal Mesh

Mesh
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Y Unreal Editor

File Edit Window Tools Build f Actor Help VirtualTestbhed
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Y Unreal Editor
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Y Unreal Editor
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Y Unreal Editor
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Introduction

Programming using the Unreal Engine
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Y Engine: Programming

* How to program in Unreal Engine 57

* C++ (Code)

* Using Visual Studio (Windows), ...

* Blueprints (Visual Programming)

 Directly in Unreal Editor

» Both can be combined!

» Blueprint classes can even inherit from C++ classes

Introduction Previous Work Overview Details

Results

Conclusion
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Y Engine: Programming

* C++ Code * Blueprints
+ For complex code, often + Faster development
more readable + Simple adding of additional

Simpler / faster implementation : .
+ Simpler / mp | functionality to C++ classes

of math equations
- Tend to get messy

+ Faster execution
- Slower execution

- Slower development
- Not all C++ functions available

Introduction Previous Work Overview Details Results Conclusion 18
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¥ Hands On

Throwing you in

at the deep end

Creating a custom Actor

(Blueprint version)

“Ein Wurt ins
kalte Wasser”
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Introduction

Three essential base classes

(both Blueprint and C++)
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U Engine: Essential base classes

* Three essential base classes during development:

1. Level
2. Actor

3. Component

Introduction Previous Work Overview Details Results

Conclusion
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U Engine: Essential base classes

1. Level

* A, game world*

* Can be considered as a collection of objects.

* An object that can be placed into the level is called Actor

» At any time, a level must be loaded

* Even ifit's an almost empty level for the start menu of a game.

Introduction Previous Work Overview Details Results

Conclusion
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Y

Engine: Essential base classes

2. Actor (1/2)

* Objects that can be added to a level

* Typical examples:

* A game character
 Awall afloor, ...

* Program code (Services, Managers, ...)

» Object-oriented: An actor is defined as a class, objects of this class can

then be placed into levels.

Introduction Previous Work Overview Details Results Conclusion
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U Engine: Essential base classes

In the Content Browser you can find and create

Actor classes (among many other things)

Hel)llcateo ml bequence /*Ctor : ~ - p - > . = - = C)'J‘.;l e -Jl‘/lali_l_rul IIIl:‘l AN Sl olatlsling

. Current Context
CrexPreviewBP (Blueprint Class)
A Level
/Game/VaMEx/SwarmUnits/Crex Svandiieshap Lo libersistent
89 /210
141 / 260
268,203 KiB
False
VirtualTestbed ROS2SkeletalRobot
VirtualTesthed ROS2SkeletalRobot
Normal
False

l,c‘) Content Browser x [ Output Log

-+ Add Yjimport  |& Save All : content VaMEx > SwarmUnits > Crex

» Favorites

v VirtualTestbed

Bl Landscape
mm Maps

mm NoiseModel

(
Bl Sensors Crex_Skeletal Crex_Skele Crex_Skelet Crex_Stati crexblack CrexPreview...
B Swarmunits Physic BP

R Bluepnint CL.

B Artemis

#m Crex

mm RoverA

» Collections

Introduction Previous Work Overview Details Results Conclusion
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U Engine: Essential base classes

& CrexPreviewBP1

© CcrexPreviewBP1 (Self)

Outliner shows all Actor objects in the

current loaded level

alk
sk

A EV

> Rock_Formation_02_uvedl6

VirtualTesthed

Item Labe| =

aporitesMap_Configl (Editor)
Other Roclk

ArtemisBP
CrexPreviewBF1
DaytimeSimulator
DLRRadioNavMockup
DLRRadioMavMockup?2
DLRRadioMavMockup3
ExponentialHeightFog
Landscape?2
MarsSkyBF

131 actors (1 s

# Details

‘: World Settin

@ CrexPreviewBP1

'-' Mrov Drovieas AR (Calf

Introduction Previous Work Overview Details

Results
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Edit ArtemisMock

-+ Add
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Y

Engine: Essential base classes

2. Actor (2/2)

e Actors have functions that can be overwritten:

* Tick(): Is called every frame

e Can be used for simple animation, processing control input, etc.

° BeglnPIay() Called when game started (or an actors is dynamically placed into the level)

¢ EndPIay() Called when game ends (or an actor gets destroyed)

Introduction Previous Work Overview Details Results Conclusion
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U Engine: Essential base classes

3. Components (1/2)

* Objects that can be added to an Actor.
* A component adds functionality to that Actor.

* Examples:

* A mesh
* Alight
* Reused program code

* Ascene component

Introduction Previous Work Overview Details

Results

Conclusion
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U Engine: Essential base classes

131 actors (1 selected)
# Details

@ CrexPreviewBP1

& CrexPreviewBP1

© crexPreviewBP1 (Self)

@ CrexPreviewBP1 (Self)

LIDARSensor

StaticMesh

IMUSensor

[ §]

Detail panel shows all component objects

General ctol

e e B e B
1ENOering atlreaming

of an actor object

Transform

Location

Introduction Previous Work Overview Details Results

1 World f':_ili'::il'||;|:3:

% Skeletal Mesh (SkelatalMesh)

Edit in C++

Conclusion
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Y

Engine: Essential base classes

3. Components (2/2)

* Components can be hierarchically arranged in an Actor.

* Works like a scene graph

* An actor should have a root component.

» The root component stores the position, rotation and scale of the whole actor!

* A new Blueprint Actor has a “DefaultSceneRoot” which is a Scene Component.

» In C++, there is no default RootComponent.

> If you don’t create a Scene Component in C++ by your own, your actor has no location!

Introduction Previous Work Overview Details Results Conclusion 31
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Introduction

Creating a new C++ Actor
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Y Creating a new C++ Actor

<N
N1

File Edit Window | Tools Build Select  Actor Help

L FirstPersonMap
w MNew C++Class...
» Refresh Visual Studio Project

€, Place Actors e Open Visual Studio — T

. Selection Mode v [ : W it -

Adds C++ code to the project. The code can only be compiled if you have Visual Studio installed.

Q 2 Find in Blueprints

Add C++ Class Add C++ Class

X
CHOOSE PARENT CLASS NAME YOUR NEW ACTOR (Ste p 3)

Common Classes All Classes ) . . .
Enter a name for your new class. Class names may only contain alphanumeric characters, and may not contain a space.

This will add a C++ header and source code file to your game project. When you click the "Create” button below, a header (_h) file and a source (.cpp) file will be made using this name.

MNone
An empty C++ class with a default constructor and destructor.

Class Type Public  Private

Character Name MyCPPActor TestProject (Runtime) v

A character is a type of Pawn that includes the ability to walk around. _ _ _ _ : S o _
Path C:/Users/muehlenb/Dogments/Unreal Projects/TestProject/Source/TestProject/ ]

Header File C:/Users/muehlenb/Docum ats/Unreal Projects/TestProject/Source/TestProject/MyCPPActor h
Pawn

A Pawn is an actor that can be 'possessadiiureceive input from a controller. Source File C:/Users/muehlenb/Documer. :/Unreal Projects/TestProject/Source/TestProject/MyCPPActor.cpp

Actor

An Actor Is an object that ¢ _ _ _
Actor is the base class for an Object that can be placed or spawned in a level.
Actors may contain a collection of ActorComponents, which can be used to control how actors move, how they are rendered, etc.
The other main function of an Actor is the replication of properties and function calls across the network during play.

) hiold (Ctrl + Alt) for more
Selected Class Actor

Selected Class Source Actor.h

Cancel Create Class Cancel

Introduction Previous Work Overview Details Results Conclusion
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Introduction

Structure of a C++ Actor

Previous Work Overview Details Results

Conclusion
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YW Creating a C++ Class

MyActor.h
I#include "CoreMinimal.h” Naming convention: The class name
#1nclude "GameFramework/Actor.h"

#include "MyActor.generated.h" of an actor starts always with a ‘A’

UCLASS ()
TESTPROJECT _API AMyActor :

{

GENERATED_BODY ()

AMyActor(); Constructor

BeginPlay() ; BeginPIay function

DeltaTime) - Tick funktion

Introduction Previous Work Overview Details Results Conclusion
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YW Creating a C++ Class

MyActor.h

l#include "CoreMinimal.h"
#include "GameFramework/Actor.h"
#include "MyActor.generated.h"

UCLASS ()

TESTPROJECT_API AMyActor . oo
Macros: Makes the class visible for the Unreal

Editor (not really important to understand)

{
GENERATED_BODY ()

AMyActor();

BeginPlay()

DeltaTime)

Introduction Previous Work Overview Details Results Conclusion 36
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YW Creating a C++ Class

MyActor.h

TESTPROJECT_API AMyActor : AActor

GENERATED_BODY/()

AMyActor();

progress;

BeginPlay()

DeltaTime)

Introduction Previous Work Overview

Details

Results

Conclusion
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YW Creating a C++ Class

MyActor.h

TESTPROJECT_API AMyActor : AActor

GENERATED_BODY/()

AMyActor();

progress;

BeginPlay()

DeltaTime)

Introduction Previous Work Overview

Defining a property.
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YW Creating a C++ Class

MyActor.h

TESTPROJECT_API AMyActor : AActor

GENERATED_BODY/()

AMyActor();

progress;

BeginPlay()

DeltaTime)

Introduction Previous Work Overview

But this is not visible in the Unreal Editor or
in blueprints, too ®

Details Results Conclusion
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W Creating a C++ Class

MyActor.h

& Details

© MyActor

@ Myactor (Instance)

T ————
My Actor Instance — : : N _
Actions taking a(n) My Actor Object -
A - ' Context Sensitive
Reference
X progress
Variables
My Actor

Get
=Et Rendering

TESTPROJECT_API AMyActor : AActor

fdctor Hidden In Game

GENERATED_BODY ()

AMyActor();
But we can make it visible ©

UPROPERTY (BlueprintReadWrite, EditAnywhere)

progress; BlueprintReadWrite: Allows access to it in
blueprints
BeginPlay () ' EditAnywhere: Allows configuration in the

details panel.

DeltaTime)
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@ Hands On

Creating a custom Actor

(C++ version)
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W Actor Class

* AActor (C++ class):

* Base class of all actors (no matter it Blueprint or C++).

* Every further Actor class inherits from it

* Many useful Actor classes exist, e.q.:

* AStaticMeshActor: Allows to place a static mesh into the level (e.g. a wall, a floor)

* APawn: Actor that can be "possessed” (e.g. a vehicle)

* |.e. you can see from its perspective and control it.

* ACharacter: An APawn that also contains a skeletal mesh and movement logic.

Introduction Previous Work Overview Details Results Conclusion
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W Actor Class

* Note: Functionality is often implemented in a component class,

not in the actor class!

* Example:

e AStaticMeshActor:

* Contains a UStaticMeshComponent in which you can select the StaticMesh.

Introduction Previous Work Overview Details Results Conclusion
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Y Component Class

* Often used component classes:

* UStaticMeshComponent
* USkeletalMeshComponent

* ULightComponent

* UPointLightComponent, UDirectionalLightComponent, ...

* UCameraComponent

Introduction Previous Work Overview Details Results Conclusion
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Y Component Class

* There are corresponding actor classes (with one component each):

* AStaticMeshActor
* ASkeletalMeshActor
* ALight
* APointLight, ADirectionallight, ...

e ACameraActor

Introduction Previous Work Overview Details Results Conclusion
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Introduction

In a 3D game, we need 3D objects...
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Y Recap: Mesh

Introduction

Previous Work

* Defined by:

* Vertices (“Eckpunkte”)
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Conclusion
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Y Recap: Mesh

Introduction

Previous Work

* Defined by:
* Vertices (“Eckpunkte”)

* Edges (“Kanten”)

Overview Details
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Conclusion
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Y Recap: Mesh

Introduction

Previous Work

* Defined by:
* Vertices (“Eckpunkte”)
* Edges (“Kanten”)

* Faces (“Flachen”)

Overview Details

Results

Conclusion
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U Recap: Mesh

* Defined by:
* Vertices (“Eckpunkte”)
* Edges (“Kanten”)

* Faces (“Flachen”)

* Often triangles

Introduction Previous Work Overview Details

Results

Conclusion
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U Recap: Mesh

Introduction Previous Work

* Defined by:
* Vertices (“Eckpunkte”)
* Edges (“Kanten”)

* Faces (“Flachen”),

e Often triangles

» Such a mesh is usually used for 3D models in

the Unreal Engine.

Overview Details Results Conclusion

56



Y Recap: Vertex / Vertices

* Vertices store attributes (“Vertex attributes”)

Introduction Previous Work Overview Details Results Conclusion
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Y Recap: Vertex / Vertices

* Vertices store attributes (“Vertex attributes”):

e Position
0,0, 1)

(-0.6, 0, 0) (0.6, 0, 0)

Introduction Previous Work Overview Details Results Conclusion
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U Recap: Vertex / Vertices

* Vertices store attributes (“Vertex attributes”):

* Position
(Or '1 ’ O)

e Normal

* Here, it points towards the screen (negative y axis)

0, -1, 0) 0, -1, 0)
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U Recap: Vertex / Vertices g

G * Vertices store attributes (“Vertex attributes”):
s
- * Position

* Normal

* Here, it points towards the screen (negative y axis)

e UV coordinates

e Coordinates in the 2D texture
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U Recap: Vertex / Vertices

G * Vertices store attributes (“Vertex attributes”):
s
- * Position

* Normal

* Here, it points towards the screen (negative y axis)

e UV coordinates

e Coordinates in the 2D texture

2D texture
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U Recap: Vertex / Vertices

* Vertices store attributes (“Vertex attributes”):
* Position

* Normal

* Here, it points towards the screen (negative y axis)

2.
Bk

iz
e
B
2
VA
- =
3 d
=
R

e UV coordinates

¥ o

TS

e

» Coordinates in the 2D texture (= 2D image)

2D texture
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U Recap: Vertex / Vertices

(0.2, 0)

* Vertices store attributes (“Vertex attributes”):
* Position

* Normal

* Here, it points towards the screen (negative y axis)

e UV coordinates

» Coordinates in the 2D texture (= 2D image)

2D texture

Introduction Previous Work Overview Details Results Conclusion 63



Bremen

U Recap: Vertex / Vertices

(0.2, 0)
= * Vertices store attributes (“Vertex attributes”):
=
- * Position
* Normal

* Here, it points towards the screen (negative y axis)

e UV coordinates

» Coordinates in the 2D texture (= 2D image)

2D texture
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U Recap: Vertex / Vertices

(0.2, 0)
= * Vertices store attributes (“Vertex attributes”):
=
- * Position
* Normal

(0, 0.25) (0.4, 0.25)

* Here, it points towards the screen (negative y axis)

e UV coordinates

» Coordinates in the 2D texture (= 2D image)

2D texture

* Only 2D, since this are coordinates in the 2D texture
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U Recap: Faces

* Faces often store:

e References to vertices

* Which material to use

* Edges often not explicitly defined

» Results from the face definition
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U Meshes in Unreal

* 3D-Meshes can be modelled in Blender, Maya, etc.

* These meshes can be exported as .obj or .fbx file

* These .obj or .fbx files can be dragged into a folder in the Content

Browser
* After import, these files are stored as .uasset file in your project

* Then, you can attach that StaticMesh to an StaticMeshComponent

Introduction Previous Work Overview Details Results Conclusion

68



bremen

<N
-1
n

Import an .fbx file

VS5 File Edit Window Tools Build . 1 Actor Help VirtualTestbed
(A1
A EvaporitesMap_Configl

" '\ Qalection Mode - : B platforme {:} Qathinae
- €\ Selection Mode v =V A0 . g Platforms v Settings v
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@ CrexPreviewBP1
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@ DaytimeSimulator]
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A Level
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o

CrexPreview - Add = o
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l ) 2 CrexPreviewBP1 (Self)
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v VirtualTestbed Q s
E | <2 StaticMesh Edit in Blueprint
B Landscape
O WEDRS Q B %
mm NoiseModel
B Sensors
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m Crex Al

— Drop files here or right click to create content.
i MyMesh ! ) )
B RoverA r Transform
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Rendering Streaming

-V

SummitXL
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U StaticMesh vs. SkeletalMesh

* Unreal has different types of Meshes

* The two most important mesh types are:

e A StaticMesh:

* This is the typical mesh we know.

e A SkeletalMesh:

* |s the typical mesh with an additional skeleton.

* A deformable mesh whose individual parts can be animated separately

e e.g. people (with arms and legs), animals, etc.

Introduction Previous Work Overview Details Results
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U StaticMesh vs. SkeletalMesh

* Motivation for a Skeleton:

* Human meshes often have many vertices

* Animation without skeleton:

* Problem: We have to say where each vertex

has to be at time t.

* This would take a very long time for the
animator, since there is often a huge amount of

vertices in an object

Introduction Previous Work Overview Details

Results

Conclusion
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U StaticMesh vs. SkeletalMesh

* Motivation for a Skeleton:

* Instead, we create a skeleton consisting of bones.

* Creating a skeleton is known as “rigging”.

* We map bones to vertices with an impact weight

* Also known as “skinning” and “weight painting”

* This is done in Blender or Maya, not the Unreal Engine!

* Result: We only have to animate a few bones,

instead of the large amount of vertices!
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U StaticMesh vs. SkeletalMesh

Skeletal Mesh

* Why is this important?

e Unreal uses skeletal meshes for characters in the

default template.
* A static mesh is not compatible with a skeletal mesh.

* You want to use static meshes most of the time.
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W GuUI §
ﬁ CG

4, Importto /Game...

* Unreal has a Widget Blueprint R -,

B Add Quixel Content

£3 New Folder

* This Widget can be designed and programmed directly

in the Unreal Editor via Blueprints

vin [
- > Bl No debug object selected ~

mpil Save \CB  Widget Reflector  Play Debug Filter
& Faletie
Search Palette p

4 Common
Border
Button
Check Box
Image

Main Menu

DrAamroe E !

Animation
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Audio

Blueprint
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Editor Utilities
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FX

Gameplay

*f= Hierarchy
T :

Search Widgets e
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< [Overlay]
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Tt Font

Input
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Media
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Paper2D
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Image_0
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Texture
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Animation

* Animation Blueprints

* Allows the creation of complex animation for SkeletalMeshes

CompineUpperand

LowerBodyLocomotion Linked Anim Layer: VehicleLowerBody _|_9 WET DO d /

CombinedUpperLowerBody

b

f Layered blend per bone

* \ *BasePose

” —_ *LowerBody

* Blend Poses 0

Linked Anim Layer: WeaponUpperBody
- = s / O Blend Weights 0 [7.0]

* _ *UpperBody

Play M_NoWep_Relaxed

+ Add pin

Output Pose

| () | inked Anim Layer. VehicleFulBody = a
ply Additive 2yerl yerintert

Use cached pose 'CombinedUpperLowerBody’

Ap -
%

A
-y x

Linked Anim Layer: WeaponAdditive * Additive .
sveri | gy : ik ’
7 / O Alpha | 1_0]

-

* s =i ”FullBody ﬂ - ”Result
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# Sad ldle
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¥ Remarks

* Learning material:

* Official Unreal Engine Documentation:

* https://docs.unrealengine.com/5.3/en-US/

* YouTube videos:

* For almost everything there is a "HowTo" video on YouTube.

* Not necessarily always "best practice", but often very good.
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Remarks

* Unreal Engine Projects tend to get pretty huge (in terms of hard
disk space)

* When 20 groups are submitting a project in Media Engineering or
Virtual Reality course, this requires extremely much space for tutors and

the infrastructure...

* The solution is (on the next page)...
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* Remove unneeded folders and files before submitting your project!

W

——Bimarre * To reconstruct an unreal project,
# Config

% Content not all folders and files are required!
m——fberrrecttrtreTriTe—

ﬂ—:fmm e Please delete them before

# . Plugins o
seves- submitting!
. Source

1 .
) VirtualTestbed.uproject

T T

* When using git, you should setup a

.gitignore file for your project.

Introduction Previous Work Overview Details Results

% Config
% Content

#  Plugins
. Source
.E! VirtualTestbed.uproject

nese 4 folders and the
oroject file are enough to

oen your full project!
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