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Industry continues to invest in virtual scenes and scenarios
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Promote interoperability Enable early design Increase confidence by
across simulation tools and verification with reproducing
with ASAM standards closed-loop simulation real-world scenarios
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Develop automated driving scenarios
with MATLAB, Simulink, and RoadRunner

Design scenes & Simulate driving
scenarios for common applications for early
driving simulation tools design and test

MATLAB EXPO
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Build scenarios from
maps and recorded
sensor data



MATLAB EXPO

Develop automated driving scenarios
with MATLAB, Simulink, and RoadRunner

Design scenes &
scenarios for common
driving simulation tools




Design 3D scenes for automated driving applications with RoadRunner

Here HD Live Map
TomTom HD Maps
Apollo HD Maps
Custom HD Maps

OpenDRIVE
OpensStreetMap
OpenCRG
Zenrin SD Maps

Geographic Information
System (GIS) Files
Point clouds
Orthoimagery

Vector data

Elevation data

Custom Assets

RoadRunner Scene Builder

RoadRunner

OpenDRIVE

Filmbox

-’___-——-—/ J —CN _/J , 1S :
_— 3 &
e e

Third Party Simulators
CARLA

Unreal Engine®

Unity®

LGSVL

VIRES Virtual Test Drive
rFpro

IPG Carmaker

Cognata

Baidu Apollo

Tesis Dynaware
Simcenter Prescan
NVIDIA DRIVE Sim through

Universal Scene Description (USD)

MATLAB EXPO
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Interactively deS|gn scenes with RoadRunner

File Edit V

iew Tools As Window Help Environment

: B PR BEE@ N REN s L A e lue A mE vEuos 2
Author realistic a ‘ o

roads and = ~
Intersections

Import/export
OpenDRIVE

Import HD maps

Import Geographic
Information
System (GIS) files

Export to common L ' |

driving simulation | ‘2‘“‘ e
environments

» M RoadStyles

Output | Library Browser

RoadRunner, RoadRunner Asset Library, RoadRunner Scene Builder
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Chinese traffic signs assets library
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Develop scenarios for automated driving applications

with RoadRunner Scenario

Trajectories
« CSV
 OpenSCENARIO 1.x

Automate Tasks
(import, export, set variables,...)

« MATLAB*

« C/C++

« Python

* Any gRPC supported
language

Road Runner Scenario

Trajectories and logic
 OpenSCENARIO 1.x
« OpenSCENARIO 2.0

Simulate Actor Behaviors

—| « MATLAB*
*  Simulink*
« CARLA

* = Enabled through Automated Driving Toolbox
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Interactively design scenarios with RoadRunner Scenario

= Add various vehicles
and pedestrians

= Author trajectories
= Specify actions and logic
= Parameterize variations

2D Editor | Logic Playback

Car_DistanceBehindSpeedBump -17.98385

Hatchback

Simulation Tool MathWorks+

Scenario Edit Tool
RoadRunner Scenario



https://www.mathworks.com/help/roadrunner-scenario/ref/scenarioedittool.html

Relocate scenarios to different scenes
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Remap Anchors In A Scenario Example
RoadRunner Scenario

MATLAB BXIPPO


https://www.mathworks.com/help/driving/ref/roadrunner.remapanchor.html

| MATLAB EXPO

Export scenarios to OpenSCENARIO

e="Start Condition of Event_Vehicle2" conditionEdge="none"
3 ition>
<SimulationTimeCondition value="0"
</ByValueCondition>
</Condition>
</Conditi o
</StartTrigger>
</Event

rule="greaterThan"/>

<Event name="Event_Vehicle2_2" priority="overwrite">
adRunner | MathWorks RoadRunner R2022a <Act 1 name="Speed Action_Vehicle2_ 2">
o <PrivateAction>

onDynamics dynamicsSha
ActionTarget>
ERSlativeTargetspesd =ntityr

BB A 8 i b il L S0 \1 OpenSCENARIO
: y ( = | < /S’I"‘“'“‘“" ionTarget>
5 5 - Y Vl.X Lo ;/Sgée-;xActxoil,.»r I

o tudinalAction>
</PrivateAction>

XML

https://github.com/esmini/esmini

B1 do parallel:
B2 ego.drive () with:
B3 along (sedan route)
OpenSCENARIO 54 speed(l&.ﬁﬁﬁs, at: start)
8BS serial:
V20 B&E cut-in__wvehicle.drive () with:
DSL BT along (sedan2 route)
84 speed(5.5mps, slower than: ego
8BS until (cut-in__wehicle.object |
=11] parallel:
51 cut-in__ wvehicle.change lane (Sif
52 cut-in__vehicle.drive() with:
speed(limps, at: end, shapi
: with:
5% until (ego.time to collision (o
S&

Export to ASAM OpenSCENARIO

RoadRunner Scenario 10


https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html

Learn about new features to design scenes and scenarios

Specify Routes to Import 5 : : : 5 OpenSCENARIO Export
HERE HD Live Map | \ReilSAekreiisnEte Enhancements

ml version="1.
enSCENARIO>
<FileHeader revMajor=
<ParameterDeclarations/>
<Cataloglocations/>
<RoadNetwork>

<Storyboard>

<Actions>
<Private entityRef="Se
<PrivateAction>

Specify Route to Import HERE HD Actor Orientation Tool Specify the export options for non-

Live Map Data and Build Scenes RoadRunner Scenario instantaneous actions
RoadRunner Scene Builder i i RoadRunner Scenario
R2023b | R2024a | R2023b

MATLAB EXPO
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https://www.mathworks.com/help/releases/R2023b/roadrunner-scenario/ref/actororientationtool.html
https://www.mathworks.com/help/roadrunner-scenario/release-notes.html#mw_fec015fe-3a72-40e1-9ab1-50ea3c452a21
https://www.mathworks.com/help/roadrunner-scenario/release-notes.html#mw_fec015fe-3a72-40e1-9ab1-50ea3c452a21
https://www.mathworks.com/help/releases/R2023b/roadrunner/scenebuilder/specify-route-import-hd-map-build.html
https://www.mathworks.com/help/releases/R2023b/roadrunner/scenebuilder/specify-route-import-hd-map-build.html

Develop Automated Driving Scenarios
with MATLAB, Simulink, and RoadRunner

Simulate driving
applications for early
design and test

MATLAB EXPO

12
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Simulate scenes and scenarios for driving applications

Automated Driving Toolbox
RoadRunner o
Application Examples
RoadRunner 1l
Scenario
Vehicle Dynamics il
Blockset

Simulink Test

13

Simulink Requirements

Simulink Real-Time

Embedded Coder

GPU Coder

MPC
Toolbox

Lidar Computer Vision Navigation Sensor Fusion &
Toolbox Toolbox Toolbox Tracking Toolbox



Simulate sensors for automated driving applications

Automated Driving Toolbox (ADT)

Radar :
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ADT + Unreal Engine

Monocular Semantic
Camera Segmentation

Fisheye

"

Navigation Toolbox

Wheel
Encoder

Global
Positioning
System
(GPS)

EEL
Measurement
Unit
(IMU)

Inertial
Navigation
System
(INS)

MATLAB EXPO
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Use application example families as a basis for design and testing

Application Examples

Emergency Braking Lane Following

Platooning Automated Parking

S TR

N AR {

e\
Rk
< -

Lane Change

Intersection Negotiation

15
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Verify C++ sensor fusion algorithm in Simulink

= Compare the results of C++ code

implementation with a reference model using

the GOSPA metric

additional conditions

Visualize simulation in 3D and a bird’s-eye plot

Test the system in other scenarios under

o e

i Teoh Vew Dlgert Hep
O& o84 808 aand
LR R o
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e
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Sensors &
Environment

Sensor Fusion Test Bench ]

e Evaluate

Tracker

Metrics

tracks_fusi

ﬂ e |
| |
ime (sec)
1] 2 6
e (sec)
mi Tg .
3 A2 wAan [—a : fF
:\M/\f\/\mm -
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ISEG}

Inteqrate and Verify C++ Code of Sensor Fusion Algorithm in Slmullnk

Automated Driving Toolbox, Simulink, Sensor Fusion and Tracking Toolbox

orward Vehicle Sensor Fusion
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https://www.mathworks.com/help/driving/ug/integrate-and-verify-cpp-code-of-sensor-fusion-algorithm-in-simulink.html

Automate testing of scenario variants using Simulink Test

RoadRunner Scenario interfaces

RoadRunner Simulink

Path Action

DIECCI LT Autonomous
Emergency

Self Actor Runtime Braking

MATLAB EXPO

Simulate Simulink with RoadRunner Scenario

Test Euro NCAP Car-to-Car Front turn-across-path
(CCFtap)

Create and run variants with Simulink Test

Autonomous Emergency Braking with RoadRunner Scenario

Automated Driving Toolbox, RoadRunner Scenario, Simulink, Simulink Test

R2023b


https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-roadrunner-scenario.html

| MATLAB EXPO

Automate testing for AEB Euro NCAP scenarios

Test Suite for Euro NCAP® Protocols

AEB Euro NCAP Scenarios

= Car-To-Car Rear Stationary

Euro NCAP Safety Assist AEB CCFtap Report

hicle Dashboard
1 / "u.) %5"*_ Test Type Obtained Score
= Car-To-Car Rear Moving ) 1

Driving Simulation Test Bench \Y 5/, Ego Acceleration (m/s"2)

Car-to-Car Front turn across path (CCFtap) scenarios: Collision Avoidance Status

= Car-To-Car Rear Braking

Test Speed (km/h)
10
15
20

GVT @ 30 km/h
1
1
1

GVT @ 45 km/h
1
1
1

GVT @ 60 km/h

= Car-to-Car Front Turn-Across-Path

= Car-to-Car Crossing Straight
Crossing Path

= Car-to-Car Front Head-On Straight

= Car-to-Car Front Head-On Lane
change

Scoring method for CCFtap:

Interpretation

No Points for Collision

Full Points for Collision Avoidance

Get Started with Euro NCAP Test Suite
Automated Driving Toolbox™ Test Suite for Euro NCAP® Protocols Support Package R2024a

18


https://www.mathworks.com/help/driving/ug/scenario-variant-generation-overview.html

MATLAB EXPO

Automate testing for AEB Euro NCAP scenarios

= Configure Euro NCAP scenarios
- Perform iterative testing

= Review Euro NCAP test report

= Replay results from logged data

AEB Car-to-Car

* Rear Stationary

Rear Moving

Rear Braking

Front Turn-Across-Path
Crossing Straight Crossing Path
Front Head-On Lane Change
Front Head-On Straight

AEB Euro NCAP Testing with RoadRunner Scenario
Automated Driving Toolbox, RoadRunner Scenario, Simulink Test

19


https://www.mathworks.com/help/driving/ug/aeb-euro-ncap-testing-with-roadrunner-scenario.html

Automate testing for AEB Euro NCAP scenarios

4\ Test Manager

TESTS

= Configure Euro NCAP scenarios
- Perform iterative testing

= Review Euro NCAP test report

- Replay results from logged data

AEB Euro NCAP Testing with RoadRunner Scenario
Automated Driving Toolbox, RoadRunner Scenario, Simulink Test

FILE

EDIT

RUN

MATLAB EXPO

O X

Jiil

Parallel | RESULTS | ENVIRONMENT  RESOURCES

v h v

Test Browser EESVIEELGEY(ERS

| |Filter results by name or tags, e.g. tags: test

NAME

~ Results: 2024-Apr-23 16:24:32
~ [=] Session_24A9643B127C2C49EA 9 @

-

SAAEB Car-to-Car Front Turn-,

- |=| SAAEB CCFtap

|| PROPERTY VALUE
Name |£| SAAEB CCFtap
Status 98
Start Time 04/23/2024 16:24:32
V End Time 04/23/2024 16:28:57
| Type Simulation Test
| Test File Location
Test Case Definition N
| Tags

» [1] SA AEB CCFtap 1
» [1] SA AEB CCFtap 2
» [I) SA_AEB_CCFtap_3
» [I) SA_AEB_CCFtap_4
» [I] SA AEB CCFtap 5
» [[] SA AEB CCFtap 6
» [I) SA_AEB_CCFtap_7
» [I) SA_AEB_CCFtap_8
» [I] SA AEB CCFtap 9

90

90
90

O 000000 O0O0C

C:\Users\DBRADFIE\MATL...

‘' Session_24A9643B127C2C49EA.. '

Session_24A9643B127C2!

Session 24AS9643B127C2CASEA1966DE1BD!

Test File

» TAGS

» DESCRIPTION

» REQUIREMENTS

» CALLBACKS

» COVERAGE SETTINGS

* TEST FILE OPTIONS"®

+|Close all open figures at the end o
+| Store MATLAB figures

Generate report after execution

20


https://www.mathworks.com/help/driving/ug/aeb-euro-ncap-testing-with-roadrunner-scenario.html

MATLAB EXPO

Automate testing for AEB Euro NCAP scenarios

4\ EURD NCAP SA AEE CCRm scenario variation results & scoring - [m] X

Euro NCAP Safety Assist AEB CCRm Report

= Configure Euro NCAP scenarios -
. P erform Iteratlve testlng Car-to-Car Rear mov ing (CCRm) scenarios: Relative Impact Speed

Test Speed (Km/h) Points Available -50% overlap -75% overlap 100% overlap 50% overlap 75% overlap Obtained Score

. 30 1 0 1] 0 0 0
R E NCAP test t S T ;
- eview euro estrepor : :
0 0 | 0 0 0
55 1 0 0 0 0 0
- Replay results from Iogged data |
60 1 o 0 a 0 0
85 | 0 | 0 [}
70 2 0 | 0 0 | 0 0 2
o | 0 0 | 0 0
0 0
Im| peed
Test Speed (Km/h) Green Range Yellow Range Orange Range Brown Range Red Range ) .
aaaaaaaaaaaaaaaaaaa
Grid Scores (->) 1.00 0.750 0.500
I _AE
53] Replay
[0.5] - N
B Simi
40 [0.5] - (5,15]
| (051 . (6.15)
[05) | 5.15] | (15,25)
[0.5] (5.15) (15,25]
[0.5] ,15] (15,25
[0.5] (5,15) {16,25]
[0.5] (5.15) (15,30]
[0.5] (5,18] (15,30]
[0,5] (5,20

AEB Euro NCAP Testing with RoadRunner Scenario
Automated Driving Toolbox, RoadRunner Scenario, Simulink Test

21


https://www.mathworks.com/help/driving/ug/aeb-euro-ncap-testing-with-roadrunner-scenario.html

MATLAB EXPO

Simulate highway lane change planner

- Planner reads path action, map data, _ ==
and all actor runtime from RoadRunner Q
Scenario

= Finds optimal collision-free trajectory to
navigate ego vehicle

=  MATLAB used for visualization and
metrics assessment

nnnnnnnnnnnnnnnnnn
0 *
Path Action
Reference PathLane info | 'S | 2 2202020202000 | =go actor
12:34 I—» time
Hel target_actors_world .
AL Planning =
3 =3 Vehicle ime [TAW]
- [TAW] >— TargetActorsiWorld
All Actor Runtime Target PlannerParams
(M >—»{mapinfo
Metrics Assessment
nfigur:
[TAW] >— TargetActorsWorld -
HelperPlotHLCPlannerWithRRScenario
utput s
r' 5 @ Y I Egonctor i L Output | Attributes | Varial
J getvehiclePose Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes. MathWorks*
-M RefPathLanelnfo
elf Actor Runtime Reader L]
Vehicle Pose Visualization

Copyright 2021 W

Highway Lane Change Planner with RoadRunner Scenario
Automated Driving Toolbox, RoadRunner Scenario, Simulink, Navigation Toolbox -



https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-with-roadrunner-scenario.html
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Develop parking spot detection with simulation
= Configure 3D scene with built-in parking lot example scene _ | o
and a reference trajectory T )
- Side-mounted camera maps the environment and a front- ‘E T J [ st
facing stereo camera is used for SLAM |
- Localization and perception algorithms build local maps to = s R I i
detect parking spots j o]
Final Results ) — Pk‘ - PoseR »fvencconenaton oo

aaaaaaaaaaaa

Build a local Detect parking Determine if a

line marker map line markers and parking spot is

using SLAM vehicles using present and if
deep learning it is occupied

Perception Based Live Parking Spot Detection Using Unreal Engine Simulation R b
Automated Driving Toolbox, Computer Vision Toolbox, Simulink | 2023 s


https://www.mathworks.com/help/driving/ug/perception-based-live-parking-spot-detection-using-unreal-engine-simulation.html

MATLAB EXPO

Traffic Light Follower at the intersection

C-V2X standard:
« T/CSAE 53-2020,

TT T T T 7 he 1S ‘ « SAE J2735
- » > il - - 2 = =ip
b R e Fomait PR = =i [
A " Goal >~
L W v L4 ®
b Mo 2 T 2 v 555 Forom e a¥ e » { ST o
. i p £ { ] Traffic Ligh " =]
: ',;‘ f i # = { Traffic Lights on Map Traffic Signal Runtime associated vith ego
= W ‘ AN 41— A Signalld BulbColor TLeft (s) ‘Dnrzlion ©
il I = e \\ scenario_01_USCityBlock_TrafflcLightFollower_MultiTargets.rrscenario 2 s.oo‘ 25.00
|| W W W il i A { i (Time: 0.10 sec)
T g w5 o 2 oon 175 L » VIV ‘ ‘
M‘m it .T " @ 0~ Ego States
- il N bl i it Start ‘ Position (xy) -20.1, -50.0
RefPath POSltlon ) i Speed (m/s) 10.0
=" B % o » o o 0 - _ = _ 30+ I I [ (e 89:6
Node Name node_25
el Link Name link_1
S0l Lane Id 1
. . Dist2StoplLine (m) 33.28
Road Side Unit for V2X map & SPaT \ imesortine 20 [3.61
10k Maneuver at Junction| TURN_LEFT
2
[Transmitters Receivers Decision Logic _ R —
E oF
Road Side Units > 5
Ego Vehicle Runtime S—
2
g0 Pose — I E——
@ Ego Pose MAP TXMAP S eed Vehicle Po. = 0
Ego Vehicle Runtime: [Ego P RAR g —1 p
RSU MAP origin V2X M AP speea
MAP Receiver =
2] [TXSPAT \V/2X SPaT Ego Vehicle Conirol
O RXSPAT] R Ty
RoadRunner Scenario RSU SPAT 7 %
SPAT Receiver v
e Traffic Light  s=—wsues -
et ey
e . Follower . ‘ | | | ‘
mnzndhmef .l jmaxEndTine — spat Visualizelntersection -60 -50 40 0 1 2
e . TimeLeft - x
‘Scane Origin startTime 0.04 0.06
I ime likel i Time (sec)
O p [ commaguarams |
-~ Comvet TagatBer

All Vehicle Runtime Visualize Simulation
Copyright 2024 The MathWerks, Inc.
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Stochastic traffic flow simulation with sumo

« A generic toolbox in Simulink

e Co-simulate SUMO with Simulink without coding
« Easy to control simulation and access actors

« Bring traffic scenario and sensors to Simulink

« Support multi-platforms/cloud platform, CI/CD

RoadRunner Scenario

All vehicle

MATLAB pese

OpenDRIVE MATLAB Agent for

RoadRunner

MATLAB Agent for Sumo

(reads target vehicle poses)

(ego vehicle — HLC agent) Sedan

10.0 m/s

Number
of Target
Actors

SUMO > o =
(Target vehicles traffic) = 0 S Wio RSN NIRRT =

SUMO

MathWorks:
M Qs L 2. EFCO0OO0NEOMEMYO 40O H Ao o0

25



Develop automated driving scenarios
with MATLAB, Simulink, and RoadRunner

MATLAB EXPO

Build scenarios from
maps and recorded
sensor data

26
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Build scenes and scenarios from custom map and sensor data

Automated Driving Toolbox « OpenSCENARIO v1.x

 CSV Trajectories

Scenario Builder Support Package

Camera images

Lidar point clouds o e RoadRunner
GPS :
MU > s Scene Builder
Map Data e
RoadRunner
' Scenario

Lidar Computer Vision §§ Deep Learning Sensor Fusion & Navigation

Toolbox Toolbox Toolbox Tracking Toolbox Toolbox

27
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Generate scenarios from recorded sensor data

Road Roadside

Target actor
trajectory .
reconstruction Scenario

Sensor data Ego RoadRunner

o . objects
localization reconstruction

reconstruction

Sensor data used for this reconstruction:

Camera images: Lanes
Scenario Builder (Support Package) Lidar point cloud: Vehicles
Automated Driving Toolbox Labelled data: Trees, Buildings, Poles

28


https://www.mathworks.com/matlabcentral/fileexchange/117450

MATLAB BXIPPO

Learn about new examples to build scenarios from recorded data

Reconstruct Traffic Signs

Generate RoadRunner Scene with Traffic

Aerial Data to 3D Scene

Generate RoadRunner Scene Using

Signs Using Recorded Sensor Data
Scenario Builder for Automated Driving Toolbox,
Lidar Toolbox, Sensor Fusion and Tracking Toolbox

R2023b

Aerial Lidar Data
Scenario Builder for Automated Driving Toolbox,
Lidar Toolbox, Mapping Toolbox

R2023b

Extract Key Events

Time(s): 13.02, Events: cut-in

Extract Key Scenario Events from

Recorded Sensor Data
Scenario Builder for Automated Driving Toolbox,
Sensor Fusion and Tracking Toolbox

R2023b

29


https://www.mathworks.com/help/driving/ug/generate-roadrunner-scenario-from-aerial-lidar-data.html
https://www.mathworks.com/help/driving/ug/generate-roadrunner-scenario-from-aerial-lidar-data.html
https://www.mathworks.com/help/driving/ug/generate-scene-with-traffic-signs-using-recorded-sensor-data.html
https://www.mathworks.com/help/driving/ug/generate-scene-with-traffic-signs-using-recorded-sensor-data.html
https://www.mathworks.com/help/driving/ug/extract-key-scenario-events-from-recorded-sensor-data.html
https://www.mathworks.com/help/driving/ug/extract-key-scenario-events-from-recorded-sensor-data.html

Develop automated driving scenarios
with MATLAB, Simulink, and RoadRunner

Design scenes & Simulate driving
scenarios for common applications for early
driving simulation tools design and test

40300 14154

Eos.:mr-&'ir .

Build scenarios from
maps and recorded
sensor data

MATLAB EXPO

30
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Partner with MathWorks to develop automated driving systems

Qualcomm Automotive Reduce Scenario
Development Platform | Hyperspaces

Model Traffic Light Follower

’ Snapdragon
Digital Chassis

Engage with MathWorks engineers through proof-of-concept or Consulting Services engagements to
extend workflows to meet the needs of your projects
automated-driving@mathworks.com

31


mailto:automated-driving@mathworks.com
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