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Industrial Automation & Machinery
Manufacturing, Virtual Commissioning
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Automotive
Sensing, SLAM, Sensor Fusion, Dynamics and Off-Highway Vehicle
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Aerospace & Defense
Airplane, Drone, UAM, Satellite, Jet Fighter & UGV
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Robotics
Manipulators, UAV, Mobile Robots & Marine Robots
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Simulink 3D Animation
Perform closed-loop, deterministic simulations with Unreal Engine

MATLAB & Simulink actor position Unreal Engine

sensor location

 Physics of main actor(s)

 Rendering / lighting

» Perception, Planning, Control
Algorithms

* Physics of non-Simulink actors
Collision detection

sensor information

collision information

Lock-step co-simulation (solvers take turns) provides deterministic results
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MATLAB BXPPO

Benefits of Simulink 3D Animation

= Easy workflow to build a custom simulation scene and
connect with MATLAB/Simulink
— Unreal Editor
— RoadRunner scene importin Sim3d Configuration Block
— Programmatic creation using MATLAB API
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MATLAB APl and Simulink Blocks to communicate with Unreal Engine

MATLAB API
run-time and edit-time import of 3D content

Simulink blocks
connecting to Unreal Engine co-simulation

createMesh

createShape

copy Copy all properties from another actor

propagate Propagate value of selected property to actor and its children

gather Return values of selected property from all objects in selected branch
findBy Find all actors that match specified criteria

restoreSnapshot Restore actor to state of properties saved in specified snapshot
takeSnapshot Take snapshot of selected properties

Create new mesh with specified values

addMesh Add mesh on top of current mesh
load Load or import 3D file
save Save actor and children o a MAT file

Create geomedtry for basic primitives
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world = sim3d.World(};

@] Robot Control -
% Create actors in scene
actor = sim3d.Actor();

| world.add{actor);
actor.load{"f3dex_atlas.f3d");

—_—
Jr g
1 05 0 05 1
Left Arm
—d e
Jr g
1 05 0 05 1
Right Arm
T i
T O
-1 050 05 1
Left Leg

% Add a view port
world.add(world.Viewports.Main);
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Body

#Run simulation
world.run(1/68, &@);

algorithmic scene authoring

Main  Transform  Inputs  Outputs
Actor Properties.

Actor name: Sim3dActor3

Specified with \
URDF, FBX, STL, X3D ~

Operation: Create at setup B ‘_>
\

Path to source file: 022b¥toolbox¥sl3d¥sl3ddemos¥Rover_1.stl

Parent name: Scene Origin

Select ...
Initialization script:

1

Parameters

Main  Transform Inputs  Outputs

Actor Properties

Actor name: Sim3dActor1

Parent name: Scene Origin

o

Operation: Create at setup -

Path to source file: Specified With
ekcl primitive shapes

=
6 [\f'; -

Simulation 3D Actor

initialization script:

1 actor.createShape( box',[1 1 1]);
2 actor.Color = [1 0 0]; 7




MATLAB BEXIPPO
Unreal Engine Co-Simulation Workflow

@ RoadRunner

@ Unreal Engine 4\ MATLAB & Simulink

Need to install
Automated Driving Toolbox
Interface for Unreal Engine Projects

Co-works
with UE

Import to UE
Build a scene in UE

Need to install

Unreal Editor and
l RoadRunner plugin . .
oadRunner 3D Scenes Simulink
Scene export - model
creation (.FBX, .XML)

RoadRunner scene direct importin e
Simulation 3D Configuration Block

Scene  Weather

Scene Selection
T n Scene source:  RoadRunner
ﬁ Project: ./Data/sim3dRoad.fbx Browse WIthOUt insta”ation
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Benefits of Simulink 3D Animation

= Easy workflow to build a custom simulation scene and
connect with MATLAB/Simulink

— Unreal Editor
— Programmatic creation using MATLAB API
— RoadRunner scene importin Sim3d Configuration Block

= Available to integrate a Simulink/Simscape model with
Unreal Engine for Visualization or Sensor simulation
— Virtual cameras, LIDARSs, depthsensors
— App designersupport

Semantic Segmentation
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MATLAB BXPPO

Benefits of Simulink 3D Animation

= Easy workflow to build a custom simulation scene and
connect with MATLAB/Simulink
— Unreal Editor
— Programmatic creation using MATLAB API e
— RoadRunner scene importin Sim3d Configuration Block

= Available to integrate a Simulink/Simscape model with
Unreal Engine for Visualization or Sensor simulation
— Virtual cameras, LIDARSs, depthsensors
— App designersupport

Simscape Multibody Unreal Engine
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MATLAB BXPPO

Benefits of Simulink 3D Animation

= Easy workflow to build a custom simulation scene and
connect with MATLAB/Simulink
— Unreal Editor
— Programmatic creation using MATLAB API e
— RoadRunner scene importin Sim3d Configuration Block

= Available to integrate a Simulink/Simscape model with
Unreal Engine for Visualization or Sensor simulation
— Virtual cameras, LIDARSs, depthsensors
— App designersupport

Simscape Multibody

i
= Unreal Engine physics with a MATLAB/Simulink actor '

— Physics Vehicle:
evaluate position, velocity, rotation, and force feedback of a vehicle
actor using Chaos physics

— Enabling physics and gravity of actor:
position, velocity, etc determined by Chaos physics
(collision, fluid dynamics, softbody dynamics)




Improvements of Simulink 3D Animation in R2024a

= Unreal Engine 5
— Efficientrendering and memory usage

= Support for Linux platform

= Weather system
— Rain particles now interact with cameralens
—  Snow
— Volumetric clouds using 3D volume textures
— Geo-locationand time-of-day based sun configuration

= 3D Light Simulation
— Create and add differenttypes of lights
— Create light array with single Light Actor

= 3D Annotation
— Create multiple arrows and texts with vectorized inputs

UNIREAL ENGINE

MATLAB BXPPO
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MATLAB EXPO
Case Study: Automate Virtual Assembly Line with Two Robotic Workcells
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Robot Control Logic Design with Stateflow

Scene Creation & Configuration System

s

Simulation 3D Scene Configuration

o S

Prepare World

Select Variant

Variant State:Value
Group

1. Select Variant from above combo b
2. Update model  Ctrl + D ) to see ¢
selected variant.

3. Otherwise Run Model which o
run-ime

Sensor Input

Control Logic Actor Motion Control

‘Robot2

e ‘ ‘With Simulation 3D Actor

® (2 loc=[-0.355:0,0.6]}}

bal_inst —

apiD s,
t Rebol 2 Vaniant Subsystam

Ball Instance

Shuttie1

fndBail.
Cup & Ball
Detectiohcu.
Rob:it :
ot [Robo ini}
Stant i
x Back_to_Home~ -
£ Stop. (Above_Ball gt
(Avove_Cup Cup Instance
; Robot Control "9& besto)
Approach_Cup SUBakl Detach " Logic
e DetachCip “"‘c" - Detach™)
(Go_Up_with_ (Go_Above 5. (Go_Up_with_ “J=Go_Above_S.:
Shatts Shatte?
Rob Rob
o o,
Par2 Par2
Rob Rob
Move_Shutte! Move_Shutie2
Ui nl
Parkt Parkt
Shuttle Control Logic
Shuttie3 Shuttied
Rob Rab
o, o
Park2 Para
Rob Rob
Move_Shutte3 Move_Shutted
U nl
Pkt Part

: Robot_init
i 3 = en:ball_inst=ball_inst+1; — [kk==10}{r2Done=1;}
\\~.
PV B ~
Robol 1 Variant Subsystam \
\\
" after(0.5 sec){ballLoc=findBallLoc(rgbimg); \
2too) g i Simutation 30 Actor ! pomlsRZ:genPath(rZ‘loc‘ [ballLoc 0.6]);} \
Go Back to_Home
NN Kk=1; loc=pointsR2(kk,:)"; 112 loc-potnlsR?(kk o)
(e e ju: kk-kkv 12_loc=pointsR2(kk,:)'; du kk=kkﬂ 12_loc=pointsR2(kk,:)';

[kk==10}{pointsR2=genPath2(r2_loc",[ballLoc 0.2]);}

l [kk==10]

‘Attach_ball
en:attachBall(ball_inst)

{pointsR2=genPath2(r2_loc’ [ballLoc 0.5]);}

[kk==10}pointsR2=genPath2(r2_loc",(-0.355 0. 0.6})

DetachBall2
en:detachBallPhys2(r3Sh)

after(0.5,sec)

DetachBall
en:detachBallPhys1(r3Sh)
[kk»_ 10

Go_Up_with_Ball
en: kk=1; r2_loc=pointsR2(kk,: m———t
du: kk=kk+1;r2_loc=pointsR2(kk,

Go Above_ Shume

[kk==10}{pointsR2=genPath2(r2_loc'[-0.45 0.06 0.5]);}

cLoc = findBallLoc(id) Read Ball
Pose from
Scene
e
Enmu Iﬂ! FUI’\C[IO(I
ID) Attach
Ball to
Gripper
Simulink Function
detachBallPhys2(ID) Release
Ball from
Gripper
[Simulink Function
detachBallPhys1(ID) Release Ball
and Update
Scene Data

® (n=10

function P = genPath2(startP,endP)

P = trapveltraj([startP’ endP’], n, 'EndTime’, 1)’}
O Generate Robot
Trajectory

MATLAB BXIPO
Case Study: Automate Virtual Assembly Line with Two Robotic Workcells

16



Case Study: Automate Virtual Assembly Line with Two Robotic

Scene Crealion & Configuration

s

Simulation 3D Scene Configuration

Prepare World

o 2

Select Variant

Group

Variant State:Value

1. Select Variant from above combo b
2. Update model  Ctrl + D ) to see ¢
selected variant.

run-time.

Sensor Input

Syslem Control Logic

S

Actor Motion Control

‘With Simulation 3D Actor

STOP |4 stop

cupAtiachSiaus
_loc

balTargetiD)

cupiD Status|

Robol 1 Variant Subsystem

.

With Simulation 3D Actor

o

Ball Instance

ball_inst| »
3. Otherwise Run Model which ut
Sttt
Shutiea
de;wycun
Cup & Ball Phys2
Detection ldestroyCup
Prys1
Rob::1 Robot2.
oy Robot_inl
Start
Back_to_Homé’ -
Stop Above_Ball Go, .
(Avove_Cup T = Cup Instance
Robot Control Logic Y
[Approach_Cup DetachC. posren.Bar Detach. Logic
Altach DetachCup hitoch . Detach...
Go_Up_with (Go_Above._S Go_Up_wih Go_Above. S
Sty Shutt2
Rob Rob
Park2 Par2
Rob Rob
Move_Shuttiet Move_Shutie2
Ui ™
Parkt Parkt
Shuttle Control Logic
Shatte3 Shutied
Rob Rab
Parkz Par2
Rob Rob
Move_Shutte3 Move_Shutted
U Un
Pkt Part

‘Robot2

after(0.5,sec){ballLoc=findBallLoc(rgbimg)
| pointsR2=genPath2(r2_loc' [ballLoc 0.6]);}

_loc=pointsR2(kk,:)";
k+1;r2_loc=pointsR2(kk,:)';

|

Approach_Baill

; r2_loc=pointsR2(kk,:)";

[kk==1 [:](povms%I=genPam2(v2Joc [baliLoc 0.2]);)
[kk==10}{pointsR2=genPatf

; r2_loc=pointsR2(kk.:)’;
k+1;r2_loc=pointsR2(kk,:)’

[kk==10}{r2Done=1:}

_to_Home
r2_loc=pointsR2(kk,:)’;

k+1;r2_loc=pointsR2(kk,:)";

ju: kk=kk# 1:r2_loc=pointsR2(kK.:)’

DetachBall2
en:detachBallPhys2(r§bh)

after(0.5,sec)

DetachBall
en:detachBallPhys1(rSh)

[kk=£10)

h2(r2_loc',[-0.355 0. 0.6));

[kk==10}{pointsR2=genPath2(r2_loc',[-0.45 0.06 0.5]);}

Simulink Function
cLoc = findBallLoc(id)

Simulink Function
D)

Read Ball
Pose from
Scene

Attach
Ball to
Gripper

[Bimulink Function
detachBallPhys2(ID)

mulink Function
detachBallPhys1(ID)

De—————————————

-
Release
Ball from
Gripper

Release Ball
and Update
Scene Data )

nction P = genPa
® (n=10

wen

P = trapveltraj([startP’ endP’], n, 'EndTime’, 1)’}
O Generate Robot
\_ Trajectory y

“

MATLAB BXPO
Workcells
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MATLAB BXPPO

Case Study: Automate Virtual Assembly Line with Two Robotic Workcells

= The ball actor is created with a small random offset in position to reflect the real-life variability.

= 3D Camera Get: provide an image to detect the ball

= Deep Learning Object Detector: takes the image data and outputs the bounding boxes (yolov2ObjectDetector).
= findBallXY MATLAB function: converts the bounding boxes to the XY-positions of the ball.

= Video Viewer: Overlay a bounding box of a detected ball on a captured image and display it.

f()

= v
Simulation 3D Camera Get I— —I . dglx\rr loc
indBa

L Image ‘ Bboxes [ P bbox cLoc
(.

Sensor Input

Deep Learning
Object Detector Block 18



MATLAB BXPPO

Case Study: Automate Virtual Assembly Line with Two Robotic Workcells

During scene creation, the system imports the rigid
body trees for Robots from their original URDF files
to the base MATLAB workspace.

Simulink 3D Actor block together
with Get Transform blocks
Defines actors using STL, FBX, X3D

Enablesto freely position any of the robot bodies
regardless of kinematic constraints.

Requires the set of joint angles into six relative poses that
relate each body to their corresponding parentbody.

Simulation 3D Robot block

Defines actors using URDF
Enable to positionthe robot bodies considering

kinematics constraints ofthe robot defined in URDF file.

Requires robot configuration info.

Specify the Hierarchical Actor Poses

Compute Robot Configuration e
from Target Pose o v

: | Y [ —
- _ | i
1: A .
— Copebmiaes -
Compute Robot Configuration Specify the Robot Configuration

from Target Pose
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Case Study: Automate Virtual Assembly Line with Two Robotic Workcells
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