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Develop Automated Driving Applications
with MATLAB, Simulink, & RoadRunner
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Develop virtual worlds for automated driving applications
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Planning Controls

Highway Lane Change Updated R2022a



https://www.mathworks.com/help/driving/ug/highway-lane-change.html
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Develop algorithms for automated driving applications
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Sensors
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Surround Vehicle Sensor Fusion R202]1a Highway Lane Change Planner and Controller R202%a



https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-and-controller.html
https://www.mathworks.com/help/driving/ug/surround-vehicle-sensor-fusion.html
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Develop software for automated driving applications
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Metrics

Planning Controls
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Surround Vehicle Sensor Fusion R2021a Highway Lane Change Planner and Controller R202%a



https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-and-controller.html
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Develop scenarios for automated driving applications
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Scenario Edit Tool | Right click to create new routes or insert nodes into

Set map-aware vehicle paths, Highway Lane Change Planner with
scenario logic, conditions and goals RoadRunner Scenario 2022
7



https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-with-roadrunner-scenario.html
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Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Design and Simulate Scenarios

Interface with OpenSCENARIO

OpenSCENARIO

Simulate with MATLAB, Simulink, and CARLA
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Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario
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Interactively design scenes with RoadRunner

Environment

File Edit View Tools Assets Window Help
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(GIS) files

Export to common

T . .
driving simulation 03 CMreewee ) M—— Y ECH ECH
n " M %
2 s » W Myprop ; e
enVIron ments 0.1 » M Ssignals Bush_Sm05 Buh_SmIﬁ Bushes CalPalm_F... CalPalm...
0o W TrafficControl -
i s O B T -
1 + W Urba o
) + M Rail
+ [ RoadStyles L CalPalm... CalPalm... CalPalm... CalPalm... CalPalm..
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RoadRunner, RoadRunner Asset Library, RoadRunner Scene Builder
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Interactively design scenarios with RoadRunner Scenario

-.;j SpeedBump Actions.rrscenario | 22a Project | MathWorks RoadRunner R2022a = O x

= Add various vehicles

= Author trajectories

= Specify actions and logic
= Parameterize variations

20 Editor | Logic Playback

Car

z
(Y250 mis

Simulation Tool MathWorks

Scenario Edit Tool ) 2022 _:
1

RoadRunner Scenario


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

Simulate map-aware paths and scenario logic

Speed actions

Follow lanes when no path is specified

) Hl!ll‘!lﬂlll!lll

4\ MathWorks
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Design actor paths and trajectories

'3) NCAP_example.rrscenario | Project_Beta10 | MathWorks RoadRunner R2022a — O X

File  Edit

vz o

Ro

Name

= Cubic interpolation
= Clothoid interpolation
=  EuroNCAP

(clothoid-arc-clothoid) : ‘||||||||y' Total Turn Angle

2D Editor | Logic - ) -
Circular Arc Angle

W suidin vehicle Te ulan ement CompactC

l ar

n —

n /‘w. \

n PickupTruck  Sche

| | —

Output | Library Bro
Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes. MathWorks®
T T
Part 1 (clothoid) Part 2 (constant radius) Part 3 (clothoid)
] E=600m - Testspeed o iRl End Rodivs B2 Anglec | Start RadiusR2 | End RadiusR2 | Angled | StartRadiusR2  End RadiusR1 | Angle o
- 200m [m] [m] [deg] [m] [m] [deg] [m) [m] [deg]
25 - = 10 km/h to Farside 1500 9.00 E?.EZ 9.00 9.00 48.76 9.00 1500 20.62
= Trajectory of pedestrian dummy H-point A o ﬁ A
- Axis of centerline of Vehicle under Test K RP R == 15 km/h to Farside 1500 11.75 20.93 11.75 11.75 48.14 11.75 1500 20.93
G=100m

tances B 20 km/h to Farside 1500 1475 21.79 14.75 1475 46.42 14.75 1500 21.79
Dummy H-point, start to 50%-impact
Dummy acceleration distance (walking) . E=9.50m " 10 km/h to Nearside 1500 8.00 22.85 8.00 8.00 4430 8.00 1500 22.85

Route Timing Tool R2022C|

RoadRunner Scenario 13


https://www.mathworks.com/help/roadrunner-scenario/ref/routetimingtool.html
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Programmatically vary scenario parameters

roject | MathWorks RoadRunner R2022a

MATLAB, gRPC, and

Command-line APIs

* Define scenario variables in
editor

« Set variables programmatically
from API

* Run simulations

+ Export to OpenSCENARIO

Scenario Edit Tool | Right click to create new routes or insert nodes inte existing routes. MathWorks®

Programmatic Scenario Interfaces R2022c|
14

RoadRunner Scenario


https://www.mathworks.com/help/roadrunner-scenario/programmatic-scenario-api.html

Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Interface with OpenSCENARIO

OpenSCENARIO

4\ MathWorks

15
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Export scenarios to OpenSCENARIO V1.x and V2.0

</Event>

T ~ e
PRET R IR [
nt_Vehicle2_2" priority="overwrite'"> =
=" 5peed Actxon Vehxcle2 " = —

tionDynamics dynamicsS
<SpeedActionTarget>

OpenSCENARIO {qr?'*"’i?g‘f""':f?':fw
V1.x Wl

!! .“ ﬁﬂ!ﬁﬂ gﬁ

gc
<ConditionGroup>
<Condition name="
<ByEnti

</TriggeringEntitie
crntltyr ondition>

P S P Dy LT DU, prpss

https://github.com/esmini/esmini

B1 do parallel:
ego.drive () with:
along (sedan__ route)
speed (l6.66mps, at: start)
serial:
cut-in__wvehicle.drive () with:
along (sedan2 route)

84 speed (S5.5mps, slo
859 until (cut—in;_ﬁfry ﬂ‘\

[E8]

OpenSCENARIO
V2.0

S I T Y

P eanvema1e] MathWorks is an ASAM Member
sermiarenes1  and actively participates in the
e vl (ego.td OpenSCENARIO 2.0

23 unti ego .tplIﬂE_

- Implementers Forum

Export to ASAM OpenSCENARIO R2 02 20 \§ J

RoadRunner Scenario 16


https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html
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Import and edit trajectories from OpenSCENARIO V1.x

J Imported.rrscenario | 22a Project | MathWorks RoadRunner R2022a

« Import trajectories from
OpenSCENARIO V1.x

» Interactive edit
trajectories

» Relocate trajectories in
different scenes

« Extract the path for use
with scenario logic

2D Editor | Timing Profile

-5 -15 ()
Route Timing Toeol | Select and drag points to assign/modify time and speed values. MathWorks+

Import Trajectories from ASAM OpenSCENARIO Files 2022 -
RoadRunner Scenario | - .


https://www.mathworks.com/help/roadrunner-scenario/ug/import-trajectories-from-asam-openscenario-files.html
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Migrate trajectories from Driving Scenario Designer (DSD)
to RoadRunner Scenario

4\ Driving Scenario Designer - untitled” - Seenario Canvas ] a x

Automated Driving RoadRunner
Toolbox Scenario SO EHL B R 8hT B ka b Qs | ] B |

New Open Save Import Add Add Add  Add Add Add Add Display ~ Goto Step Run Step B Repeat Default 3D Export
- > - - Road Actor~ Camera Radar Lidar [NS Ultrasonic - Start Back nnuard Layout Display ~ hd
FILE SCENARIO SENSORS PROPERTIES VIEW EXPORT -
| Roads | Actors | | Ego-Centric View (
- L] 2. carl e - - - - T T - - [ Eﬁ}
Design actor Simulate - e | oof i
. - . Class: car i
trajectories scenario e
» Actor Preperties 80
» Radar Cross Section o) RS
> Trajectory ‘fc,' ‘Q é}
40 -

Export
trajectories

Import il | |
trajectories 4\

OpenSCENARIO 1.0 me 0 E

R2022a



Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Simulate with MATLAB, Simulink, and CARLA

4\ MathWorks

19



Simulate scenarios with actor behaviors in multiple simulators

RoadRunner Scenario connects with
actors in MATLAB, Simulink, and CARLA

Actors can read scenario states

* Action commands (path, speed, lane
change, lateral offset)

* Pose and velocity of all actors in the
scenario

* Dimensions of all actors

 Map lanes and lane boundaries

Actors write scenario states
* Their pose and velocity for each scenario
simulation step

Built-in
Actors

4\ MathWorks

20



Design actor behaviors in MATLAB

Interface with RoadRunner scenario through
MATLAB APIs with Automated Driving Toolbox

= Connect to scenario simulation
= Read world state from the scenario

= Read actor specific supervisory actions from
scenario

= Write actor states to the scenario
= Report errors, warnings to the scenario

Simulate RoadRunner Scenarios with Actors Modeled in MATLAB

RoadRunner Scenario, Automated Driving Toolbox™

~ Scenario Simulation

Simulink.ScenaricSimulation | Create access, and conirol scenario simulation

~ Actor Modeling

convertToStruct Convert actor to MATLAB structure
get Get scenario or static attribute of actor
getAction Get actions associated with actor
getAttribute Get runtime attribute of actor
setattribute Set runtime attribute of actor
getAttribute Return static attribute of actaor
obj.mScenarioSimulationHdl = ...

obj

obj

ob

Simulink.ScenarioSimulation.find{ ...

'ScenaricSimulation’, "SystemObject', obj);

.mictorSimulationHd]l = Simulink.ScenarioSimulation.find( ...

‘ActorSimulation’, “SystemObject', obj);

.mActor.pose = ...

cbj.mActorSimulationHdl.getAttribute( ' Pose’);

mActor.velocity = ...

obj.mActorSimulationHdl.getattribute( 'Velocity ') ;

2022

4\ MathWorks
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https://www.mathworks.com/help/driving/ug/co-simulate-roadrunner-with-agents-modeled-in-matlab.html
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Simulate with speed action follower designed in MATLAB

Scenario
Messages

Scenario
Messages

Speed Action Follower
Behavior

Path Action

Path Action Adapter

Speed Action
Speed Action

All Actor Adapter
Runtime

Self Vehicle
Runtime

|

= Design speed action follower behavior in
MATLAB

= Associate MATLAB behavior with actor
in RoadRunner Scenario

=  Simulate and visualize results

Speed Action Follower with RoadRunner Scenario

Polyline Self Actor
Evaluator Runtime

#\ MATLAB R2022a - prerelease use

o O B Sompee-| P € (¥ |

 Find v
New Open Save g print » GoTe CODE ANALYZE SECTION  Pause Step Stop
- v v ~ [ Bookmark ¥ -

FILE NAVIGATE o i RUN

<@ Tl & » D b Gitlab * roadrunner-scenario-adt-intro * SpeedActionFollowerWithRRScenario * -
P4 Editor - D)\GitLab\roadrunner-scenario-adt-intro\SpeedActionFollowerWithRRScenario\SpeedActionFollowerWithRRSce!

’\' SpeedActionF i ioE: le.m \ SpeedActionFollower.m |+ |

248 % at a rate of 3 m/s2 until it achieve same speed as LeadCar. - Q

249 %%

250 % Start the scenario and wait for the simulation to complete.

251 rrSim.set('SimulationCommand', 'Start');

252 while strcmp(rrSim.get('SimulationStatus'), 'Running')

253 pause(1);

254
255
256 % Read the logged data using the get method of |Simulink.Scenari
257 % object.

I}258 data = rrSim.get('SimulationLog');

259 %%

260 % Use the |helperVisualizeSpeedFollowerVelocityProfile| function
261 % simulation results.

262 hFigResults = helperVisualizeSpeedFollowerVelocityProfile(data, 1
263 %%

264 % Close the figure.

265 close(hFigResults)

266 %%

267 % Examine the simulation results.

Workspace Current Folder Command Window
fx >
. - Metadata | Attributes | Simulation
| Busy| Zoom: 125% windows-1252  |LF script |ln 254 cCol 4

RoadRunner Scenario, Automated Driving Toolbox™


https://www.mathworks.com/help/driving/ug/speed-action-follower-with-roadrunner-scenario.html

Design actor behaviors in Simulink

Interface with RoadRunner Scenario using
blocks from Automated Driving Toolbox

= RoadRunner Scenario
— Establish a model’s interface with scenario

=  RoadRunner Scenario Reader

— Read the world state: Actor pose, velocity,
color, supervisory actions

= RoadRunner Scenario Writer
— Write an actor’s state to scenario
— Report errors, warnings to scenario

4\ MathWorks

ES Simulink Library Browser — O X
L= Enter search term ~ Jﬂq Y -Ey @ B P
Automated Driving Toolbox/RoadRunner Scenario
Simulink ~
Aerospace Blockset 0
Audio Toolbox
v Automated Driving Toolbox RoadRunner Scenario
Driving Scenario and Sensor Modeling
RoadRunner Scenario 0% i
Simulation 3D
Vehicle Control RoadRunner Scenario
AUTOSAR Blockset Reader
Communications Toolbox
Communications Toolbox HDL Support A= J
Computer Vision Toolbox
Control System Toolbox RoadRunner Scenario
Data Acquisition Toolbox " Writer
< >

Simulate RoadRunner Scenarios with Actors Modeled in Simulink

RoadRunner Scenario, Automated Driving Toolbox™

2022

23


https://www.mathworks.com/help/driving/ug/co-simulate-roadrunner-with-agents-modeled-in-simulink.html
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Simulate with trajectory follower designed in Simulink

File Edit

Trajectory Follower with RoadRunner Scenario Test Bench |

Reference
Pose

Time: 1161

Enable P

Vehicle
Dynamics

Controls

20 Editor | Logic Pl

ol s

[P

T
R Variables Atrib Simulation

Simulation Tool
4\ MATLAB R20222

EDITOR VIEW
<P EHA B » D: » userpath » work » Examples » R2022a » autonomous_control » TrajectoryFol ampl M
Workspace Current Folder Command Window ® ctoryFollowerWithRRScenariobxamplem @ X

L] L] " L] - 1

n EX Iore b Ilt In tra eCtO fOIIOWIn % |rrsim| is the |Simulink.ScenarioSimulation| object. Use this object t” [l ) T THhRR: P!
% set variables and to read scenario-related information. 146 rrSim. set("SimulationConmand”, "Start”) ;|
%% simulate RoadRunner Scenario ﬁ;T wh)liazi:?lm;FrrSlm.get( SimulationStatus"}),"Running")

1 1 H : % When |egoBehavior| is unspecified, the ego vehicle uses the built-in o | - ’
VI WI I V I y % behavior of the RoadRunner scenario. Clear the |egoBehavior| variable 150 %
% use the built-in behavior. 151 % Use the |helperVisualizeVelocityProfile| function to visualize the
152 % velocity profile using the SDI. The |helperVisualizeVelocityProfile|

153 % function also plots lane centers and the ego vehicle trajectory. The

. . . . . . i ; " form mowy -
IrRpp.setScenariovariable ("egoBehavior”, " ") ; 154 % |helperVisualizeVelocityProfile| function takes |rrSim|, the ego actor
u I VI I I l l I W I Connection status: 1 155 % ID, and the signal name for SDI as inputs.

Connected to RoadRunner Scenario server on localhost:49327, with client s
. . = 157 | helperVisualizeVelocityProfile(rr$im,1,"Built-in")
&> Y 158 hFigsDI = Simulink.sdi.snapshot;
INnCludes controis an ynamics ‘ e -
-/ Busy | Zoom: 90% [uTr-s I3 | script /tn 146 col 40

= Simulate and compare results

Trajectory Follower with RoadRunner Scenario
RoadRunner Scenario, Automated Driving Toolbox™ R2 02 2 a

24


https://www.mathworks.com/help/driving/ug/trajectory-follower-with-roadrunner-scenario.html
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Simulate with lane change planner designed in Simulink

s Asses:
[ Highway Lane Change Planner RR Test Bench | -
/// ¥ \\‘ File Edit View Inset Tools Desktop i
ye B Dews (a0 E:E
O 10 / 40 \
% 5 045 ’}‘
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inerWithl cel
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elf Actor Runtime Read
pyrig! 1 The MathWorks,

Design ego actor to implement planner

= Define trajectories and logic for target actors
= Visualize possible and selected ego trajectories
Highway Lane Change Planner with RoadRunner Scenario 2022

RoadRunner Scenario, Automated Driving Toolbox™, Navigation Toolbox™

25


https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-with-roadrunner-scenario.html

Simulate with actor behaviors designed in CARLA

RoadRunner CARLA
Scenario

Design scene Build game

Design Design
scenario CARLA actor

Simulate Simulate
scenario actor

Cosimulate Actors with CARLA
RoadRunner Scenario

S A~SEBYFrREFEEG § 1 I=+ &1 RN RS Y
iR seshiilvsundofie X HEA, vy22ee0l0ssh

4\ MathWorks
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https://www.mathworks.com/help/roadrunner-scenario/cosimulate-actors-with-carla.html

5 &\ MathWorks'
Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Design paths and scenario logic

Design and Simulate Scenarios Relocate scenarios to different scenes
Programmatically vary parameters

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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Partner with MathWorks to extend scenario workflows

Extend verification workflows
with MATLAB & Simulink

RoadRunner Scenario

Extend actor design workflows
with MATLAB & Simulink

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to R202 20
extend scenario workflows
2

8
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Partner with MathWorks to extend scenario workflows

Generate Generate = ——— [ Automate
scenarios from scenario - S testing
recorded data variations ~ = | (S scenarios

Verification
workflows

RoadRunner Scenario

Integrate Integrate 7 . Integrate
: [ g i A C/C++,

Actor design planning & — sensors - external /

controls e | code Python, ROS
Workflows oo =

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to R2022a
extend scenario workflows
29
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Partner with MathWorks to extend workflows for tractor trailer

Engage with MathWorks
engineers through
proof-of-concept projects or
Consulting Services to
extend scenario workflows

1057 PM
" 32472022
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L Type here to search
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Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Design paths and scenario logic

Design and Simulate Scenarios Relocate scenarios to different scenes
Programmatically vary parameters

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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