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Develop automated driving applications
with MATLAB, Simulink, & RoadRunner

Virtual Worlds S Algorithms V[ Software

Scenes Sensors Detectlon Localization Tracklng Code

C/C++
GPU HDL

Architectures

AUTOSAR

ROS DDS

- Development Platform




Design 3D scenes for automated driving applications

Here HD Live Map
TomTom 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 Platform

RoadRunner Scene Builder

RoadRunner
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OpenDRIVE

Filmbox

Third Party Simulators

CARLA

Unreal Engine®
Unity®

LGSVL

VIRES Virtual Test Drive
Metamoto

IPG Carmaker
Cognata

Baidu Apollo
Tesis Dynaware
TaSS PreScan

NVIDIA DRIVE Sim through
Universal Scene Description (USD)
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Learn about new features to author 3D scenes

Traffic Island Tool Import OpenCRG

Traffic Island Tool Merge Multiple Scenes Road CRG Tool
RoadRunner RoadRunner RoadRunner

2022 | 2022 | 2021


https://www.mathworks.com/help/roadrunner/ug/merge-multiple-scenes.html
https://www.mathworks.com/help/roadrunner/ref/trafficislandtool.html
https://www.mathworks.com/help/roadrunner/ref/roadcrgtool.html
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Learn about new features to author 3D scenes

RoadRunner API Console Mode Custom HD Map

% Open a RoadRunner project !
rrApp = roadrunner("C:\RR\MyScenario");

% Open a scenario in the project !
openScenario(rrApp, "FourWayStop.rrscenario”); !

% Save scenario to a new name
saveScenario(rrApp, "FourWayStopl.rrscenario”); !

% Set a scenario variable
setScenarioVariable(rrApp, "ActorID","7");

% Options for exporting scene to OpenSCENARIO !
options = openScenarioExportOptions(...
"SceneGraphFormatName", 'OpenSceneGraph’);

RoadRunner API 5 Control RoadRunner Build Roads Programmatically Using

RoadRunner Programmatically Using Terminal RoadRunner HD Map
E RoadRunner ' Automated Driving Toolbox, RoadRunner

! ! Scene Builder

290224 | R2022! | 2022


https://www.mathworks.com/help/roadrunner/ug/build-simple-roads-using-hdmaps.html
https://www.mathworks.com/help/roadrunner/matlab-functions-for-scenes.html
https://www.mathworks.com/help/roadrunner/ug/control-roadrunner-using-terminal.html
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Build custom 3D scenes using RoadRunner HD Map

38°52'15"N

- Project “
/ 200, RoadRunner HD Map of Pikes Peak Road
S ane Boundaries
¢ S ane Centers
1

Map

coordinates & —

upsample data

38°52'05"N

Add lane
Import roads markings

50 100 150 200

HD

: Scene

Import terrain Export
RRHD Map
Set
eographic : _
?,ouﬁda‘?ies = Import map and elevation data into MATLAB
and reference ~———— - Upsample data and create RoadRunner HD Map

= Import into RoadRunner

Build Pikes Peak RoadRunner 3D Scene

Automated Driving Toolbox, Mapping Toolbox R202 2 b
10



https://www.mathworks.com/help/driving/ug/pikes-peak.html
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Develop scenarios for automated driving applications
with RoadRunner Scenario

Design paths and scenario logic
Relocate scenarios to different scenes
Programmatically vary parameters
Utilize prebuilt sample scenarios

Design and Simulate Scenarios

Export to OpenSCENARIO v2.0

Interface with OpenSCENARIO Export to OpenSCENARIO v1.x
Import trajectories from OpenSCENARIO v1.0

OpenSCENARIO

Author actor behaviors in MATLAB

Simulate with e Author actor behaviors in Simulink
MATLAB, Simulink, and CARLA » Author actor behaviors in CARLA
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Learn about new features to design scenarios

Pedestrian Actors Actor Groups User-Defined Actions

"‘:&‘ CK g ( = R R 7 F‘
Attachments are maintained during simulation

Character Assets Truck & Trailer Scenario Design Vehicle Following User-
RoadRunner Scenario RoadRunner Scenario Defined Actions Scenario

RoadRunner Scenario

R2022b | R2022b | R2022b
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http://www.mathworks.com/help/roadrunner-scenario/ug/design-vehicle-with-trailer-scenario.html
http://www.mathworks.com/help/roadrunner-scenario/ug/design-vehicle-following-user-defined-actions-scenario.html
http://www.mathworks.com/help/roadrunner-scenario/ref/characterassets.html

Simulate sensors for automated driving applications

Cuboid Sensors

Radar
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Cuboid & Unreal Engine
Radar :

L ]

Unreal Engine Sensors

Monocular Semantic
Camera Segmentation

Fisheye

H - ' "

Positional Sensors

Wheel
Encoder

Global
Positioning
System
(GPS)

EEL
Measurement
Unit
(IMU)

Inertial
Navigation
System
(INS)

Commonly used tools: Automated Driving Toolbox™, Radar Toolbox, Navigation Toolbox™

MathWorks AUTOMOTIVE CONFERENCE 2022
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Learn about new features to simulate sensors

Lidar Reflectivity (Unreal) Ultrasonic Sensor (Unreal) Ultrasonic Sensor (Cuboid)

20

5
£
=

-5

. Detections [» s
10 5 Y(Dm) 5 10
Simulation 3D Lidar Simulation 3D Ultrasonic Ultrasonic Detection Generator
Automated Driving Toolbox Automated Driving Toolbox Automated Driving Toolbox
R2022a | R2022b | R2022a
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https://www.mathworks.com/help/driving/ref/simulation3dultrasonicsensor.html
https://www.mathworks.com/help/driving/ref/simulation3dlidar.html
https://www.mathworks.com/help/driving/ref/ultrasonicdetectiongenerator-system-object.html
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Integrate Unreal Engine sensors with RoadRunner Scenario

> RoadRunner Scenario interfaces < RoadRunner S UiieellEs

Lane Boundaries

| Highway Lane Following With RoadRunner Scenario Test Bench I All Actor Runtime

Actors Pose

Highway

RoadRunner
Scenario Lane

3D Simulation

Ego Pose

Environment

Lane - 9 [EN Self Actor Runtime Following - Camera images

Detection

~ Radar Detections

Vehicle Decision
Detection Logic

R Tracking & I

Fusion

= Simulate Highway Lane Following with RoadRunner Scenario
= Monocular camera sensor
= Radar detections sensor

Highway Lane Following with RoadRunner Scenario
Automated Driving Toolbox, Model Predictive Control Toolbox,
Sensor Fusion and Tracking Toolbox, RoadRunner Scenario



https://www.mathworks.com/help/driving/ug/highway-lane-following-with-roadrunner-scenario.html
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Integrate cuboid sensors with RoadRunner Scenario 2022
‘ﬂtw -‘ [ gency Braking with RoadRunnr Scenario Tost Banch_| , ) e S—
@ s Autonomous

Emergency

All Actor Runtime 5
Braking

Self Actor Runtime

<
<

9]

(D ) Actors )
racotpetrs | Vsen
araeticon i Detection Object )
WorldToVehicle Actors » Act Gt etectn -
! 1 Vision
(2 )———»{Ego Vehicle [Sensor Index: 1]
Ego Actor

[Sensor Index: 2]

Interface and co-simulate Automated Emergency Braking with
RoadRunner Scenario | 22,

EURO@I:ICAP
Simulate Scenario Variants with speed variations for the Vehicle

Under Test (VUT) and Global Vehicle Target (GVT) -

Autonomous Emergency Braking with RoadRunner Scenario Car-to-Car Front Turn-

- . . . Across-Path 50%
Automated Driving Toolbox, RoadRunner Scenario, Simulink (CCFTAP-50) 17



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

MathWorks AUTOMOTIVE CONFERENCE 2022

Generate RoadRunner Scenario from Recorded Sensor Data

Extract ego

- trajectory .

Generate

OpenStreet | S SiniE s !
Map Scenario B TN S e
Detect road CH " \.
and lane SR R
- information |
o] ot HERE, Gorin, GooTeehncapies In. omap
Camera e 5
Lidar e - Ego trajectories are extracted from GPS
surrounding RoadRunner _ _
actor AP| - Non-Ego trajectories are extracted from Camera
trajectories or Lidar

= Simulation is run in RoadRunner Scenario

Generate RoadRunner Scenario from Recorded Sensor Data
Automated Driving Toolbox, Scenario Builder support package, RoadRunner R2022b
1
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https://www.mathworks.com/help/driving/ug/generate-roadrunner-scenario-from-recorded-sensor-data.html
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Learn about generating scenes and scenarios from recorded R2022b

sensor data

Featured Examples

Generate Scenario from
Actor Tracklist and GPS
Data

Generate ASAM OpenSCENARIO®
v1.0 file using recorded actor
tracklist and GPS data.

Actor Tracklist

Lane Detections

Open Live Script

GPS, IMU

Camera

Lidar

Extract Vehicle Tracklist
from Recorded Lidar Data
for Scenario Generation

Extract actor track list from recorded
lidar data using pretrained vehicle
detection model and JPDA tracker.

Open Live Script

Generate RoadRunner
Scenario from Recorded
Sensor Data

Generate RoadRunner Scenario
from recorded GPS data and
preprocessed actor track list.

Open Live Script

Extract Vehicle Tracklist
from Recorded Camera
Data for Scenario...

Extract actor track list from raw
camera data for scenario
generation

Open Live Script

Scenario Builder support package

Automated Driving Toolbox

Generate RoadRunner
Scene from Recorded Lidar
Data

Generate RoadRunner HD map
from recorded lidar data using
pretrained deep learning model.

Open Live Script

Improve Ego Vehicle
Localization

Improve ego vehicle localization by
fusing GPS and IMU sensor data
and generate virtual driving scenario
from recorded sensor data

Open Live Script

EEY

_— «

Generate High Definition
Scene from Lane
Detections

Generate HD road scene using
recorded lane detections, GPS data,
and OpenStreetMap® data

Open Live Script

Smoothen Trajectory Uzing smoothData
1

m &

! -

-,

Smooth GPS Waypoints for
Ego Localization

Create jitter-limited ego trajectory by
smoothing GPS and IMU sensor
data

Open Live Script

Extract Lane Information
from Recorded Camera
Data for Scene Generation

Extract lane information from raw
camera data to generate ASAM
OpenDRIVE@ scene or RoadRunn
scene

ASAM OpenDRIVE &
OpenSCENARIO

Open Live Script

RoadRunner Scene &
Scenario

drivingScenario

Preprocess Lane
Detections for Scenario
Generation

Format lane detection data to
update lane specifications for
scenario generation

Open Live Script

19


https://www.mathworks.com/matlabcentral/fileexchange/117450
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Develop Automated Driving Applications
with MATLAB, Simulink, & RoadRunner
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Design planning and control algorithms for automated driving

Emergency Braking Adaptive Cruise Control Lane Following Lane Change

Global costmap

Traffic Light Negotiation Parallel Parking Parking Lot Platooning

B RERRRCE
[
e - ] ]
L » I o (HEm (W[ i
| NN N
| 0 10 20 30 40 50 60 70
X

Commonly used tools: Automated Driving Toolbox, Model Predictive Control Toolbox, Stateflow

Navigation Toolbox, Reinforcement Learning, Robotics System Toolbox
21
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Learn about new features for planning and controls

14 DOF Vehicle Dynamics in
AEB

Truck Trailer Parking

Parallel Parking of Truck Trailer Using Traffic Light Negotiation Using Autonomous Emergency Braking with

Multistage Nonlinear MPC . Vehicle-to-Everything Communication | Vehicle Variants
Model Predictive Control Toolbox, ! Automated Driving Toolbox, Stateflow, ! Automated Driving Toolbox, Vehicle
Optimization Toolbox Model Predictive Control Toolbox Dynamics Blockset
R2022a | R2022a | R2022a

22


https://www.mathworks.com/help/mpc/ug/parallel-parking-of-truck-trailer-using-multistage-nonlinear-mpc.html
https://www.mathworks.com/help/driving/ug/traffic-light-negotiation-using-v2x.html
https://www.mathworks.com/help/driving/ug/autonomous-emergency-braking-with-vehicle-variants.html
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Desian Platoonina Controls with V2V Communication R2022b

[Platooning Using V2V Test Bonch} = Design Leader and Followers to form platoon

Camera View Selector:Value u Si n g V2V
Top View Rear Side View
- — L PN = Provide acceleration profile to leader
Leader Acceleration Lead et T VIS u al |Zat| on Side View —— e Front Side View . p
- W = Followers receive BSM messages and follow the
Visualization I e a d e r

= Maintains safety space between vehicles

= Integrate followers with 6DoF Tractor and Trailer
Dynamics

Follower1

Follower2

Copyright 2022 The MathWorks, Inc.

' Three-Axle Tractor Towing Three-Axle Trailer|

= Trailer

:

nnnnnnnnnnnnnnnnnnnnnnnnn

Truck Platooning Using Vehicle-to-Vehicle Communication
Automated Driving Toolbox, Simulink, Vehicle Dynamics Blockset

23


https://www.mathworks.com/help/driving/ug/truck-platooning-using-vehicle-to-vehicle-communication.html
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Design tracking and fusion algorithms for automated driving

\ &/ A&/

Radar & Vision Lidar & Radar Vehicle to Vehicle Occupancy Grids
" |

Commonly used tools: Automated Driving Toolbox, Tracking and Fusion Toolbox, Radar Toolbox

24
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Design detection and localization algorithms for automated driving

Objects Semantic Segmentation

Commonly used tools: Automated Driving Toolbox, Computer Vision, Lidar Toolbox, Radar Toolbox, Deep Learning Toolbox,
Navigation Toolbox

26
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Learn about new features for algorithms

3D Object Detection and
Cuboid Computation

Improve tracking performance

Depth Image to Point Cloud

X-Y plane /f Ground

Automatically Tune Tracking Filter for Project Cuboids from 3-D World Visual SLAM with an RGB-D

Multi-Object Tracker . Coordinates to 2-D Image Coordinates | Camera
Sensor Fusion and Tracking Toolbox, i Automated Driving Toolbox, ! Computer Vision Toolbox
Optimization Toolbox ! Computer Vision Toolbox !

R2022b | R2022b 5 R2022b

28


https://www.mathworks.com/help/vision/ug/visual-slam-with-an-rgbd-camera.html
https://www.mathworks.com/help/vision/ref/cuboid2img.html
https://www.mathworks.com/help/fusion/ug/automatically-tune-tracking-filter-for-multi-object-tracker.html
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Develop Automated Driving Applications
with MATLAB, Simulink, & RoadRunner
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Develop software applications for automated driving

&.
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Commonly used tools: MATLAB Coder, Embedded Coder, GPU Coder, HDL Coder,
ROS Toolbox, AUTOSAR Blockset, DDS Blockset,

Simulink Test, Simulink Coverage, Polyspace, IEC Certification Kit,
31
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Learn about new examples for developing software applications

Real-Time Hardware SOA C++ Code Generation

Sensor Fusion PIL Example

Example

Examples

Fiighway Lans Following Conrols With Sensor Fusion Test Bench )

Er———

Sensor Fusion
Simulink, Simulink Test, Embedded Coder

E i ) ; sl | i T =T o T e o

: é - B i e 1 ) B

E Host Computer Speedgoat Real-Time Computer i ; _h.ﬂ..._w

: aaaaa Lane Center, : : N i = _

: Scenario o Veloci Lang L0 Lane : 7 —

' Environment, FDO;I;\;‘?E? — ! L — -

: Vehicle Dynamics Logic Controller : 4

| - |

I Acceleration and Steering Angle I '

E i Nyl
Automate PIL Testing for Forward Vehicle ; Automate Real-Time Testing for . Generate C++ code for Message Interfaces

Highway Lane Following Controller in Lane Following Controls & Sensor Fusion

Simulink Real-TIme | Blockset

R2022b | R2022a | R2021b

32


https://www.mathworks.com/help/driving/ug/automate-pil-testing-for-forward-vehicle-sensor-fusion.html
https://www.mathworks.com/help/driving/ug/automate-real-time-testing-for-highway-lane-following-controller.html
https://www.mathworks.com/help/driving/ug/generate-message-interfaces-for-lane-following-controls-and-sensor-fusion.html
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Develop Automated Driving Applications
with MATLAB, Simulink, & RoadRunner
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Partner with MathWorks to adopt algorithm development workflows

Ford manages scenario Bosch develops lidar sensor Denso deploys production
descriptions | classifier | ADAS software

Converting Spreadsheet-Based Designing a Lidar Sensor Classifier ADAS Control Unit Development and

Scenario Definitions to i Using a MATLAB Framework i Continuous Integration Practice
OpenSCENARIO Files MATLAB EXPO 2022 MATLAB EXPO 2022 - China

MathWorks Automotive Conference
2022

34


https://www.mathworks.com/videos/converting-spreadsheet-based-scenario-definitions-to-open-scenario-files-1654079552177.html
https://www.mathworks.com/videos/designing-a-lidar-sensor-classifier-using-a-matlab-framework-1653597909623.html
https://www.mathworks.com/videos/denso-static-object-perception-results-based-control-algorithm-development-and-continuous-integration-1655726412779.html

