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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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Controls

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

Develop software for automated

driving applications
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Surround Vehicle Sensor Fusion R2021a

Planning Controls
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Highway Lane Change Planner and Controller
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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 existing routes.

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
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https://kr.mathworks.com/videos/matlab-and-simulink-for-autonomous-driving-systems-part-4-3d-driving-scene-modeling-using-roadrunner-1610979937933.html
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Interactively design scenarios with RoadRunner Scenario

J SpeedBump Actions.rrscenario | 22a Project | MathWorks RoadRunner R2022a

= Add various vehicles

= Author trajectories

= Specify actions and logic
= Parameterize variations

2D Editor | Logic Playback

Name

1 | Hatchback_InitialSpeed

Car_DistanceBehindSpeedBump

Hatchback
&
(Y140 mis
/ariables Attributes | Metadata | Simulation

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

Follow lanes when no path is specified Speed actions

4\ MathWorks
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Design actor paths and trajectories

J NCAP_example.rrscenario | Project_Beta10 | MathWorks RoadRunner R2022a

File Edit View Tools Assets Window Help

vz S

Attributes

Route Parameters

Name CompactCar Route

Lane Change Distance
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Output | Library Browser | Variables Attributes | Metadata
Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes. MathWork
T T
Part 1 (clothoid) Part 2 (constant radius) Part 3 (clothoid)
B, E=6.00m o Test speed StartRadiusR1 End RadiusR2 ~ Angle | StartRadiusR2 | EndRadiusR2  Anglep | StartRadiusR2 EndRadiusR1l  Angle a
200m [m] [m] [deg] [m] [m) [deg] [m} [m] [deg]
s - . 10 km/h to Farside 1500 9.00 ED.GZ 9.00 9.00 48.76 9.00 1500 20.62
~ Trajectory of pedestrian dummy H-point A o @ A 3
= Axis of centerline of Vehicle under Test K RP - - 15 km/h to Farside 1500 11.75 2093 11.75 11.75 48.14 11.75 1500 2093
G=100m
tances B 20 km/h to Farside 1500 14.75 21.79 14.75 14.75 46.42 14.75 1500 21.79
Dummy H-point, start to 50%-impact
Dummy acceleration distance (walking) B_ 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 R2022a

RoadRunner Scenario 13


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

MATLAB, gRPC, and

Command-line APIs

* Define scenario variables in
editor

« Set variables programmatically
from API

‘‘‘‘‘‘‘‘‘‘‘

Sedan

MathWorks*

Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes.

Programmatic Scenario Interfaces R20220
14

RoadRunner Scenario


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

;‘) New Scenario | 22a Project | MathWorks RoadRunner R2022a

MATLAB, gRPC, and

Command-line APIs

* Define scenario variables in
editor

« Set variables programmatically
from API

* Run simulations

 Export to OpenSCENARIO
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>
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ol Sign:

signs

MathWorks+

Scenario Edit Tool | Right click to create new routes or insert nodes into existing routes.

Programmatic Scenario Interfaces R20220
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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
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Export scenarios to OpenSCENARIO V1.x and V2.0

<Condition name="Start Condition of Event Vehicle2" conditionkdg
<ByVali

ondition>

="Event_Vehicle2_2" priority="overwrite">
on name="Speed_Action_Vehicle2_2">
<PrivateActi >

adRunnes | MathWorks RoadRunner R20223

BB A& a0 23
OpenSCENARIO
V1.x

https://github.com/esmini/esmini

B1 do parallel:
B2 ego.drive () with:
B3 along (sedan__ route)

OpenSCENARlO :;: seri:ﬁ?ed(lé.ﬁﬁmps, at: start)
B6 cut-in wehicle.drive () with:

V20 BT © alEg(sedanZ_IDute] :

88 speed (S5.5mps, slo
859 uit.i.l (cutljin_'ra/w \
P eiin_vemcre] MathWorks is an ASAM Member
S e names] and actively participates in the
e ime OpenSCENARIO 2.0
- | Implementers Forum

Export to ASAM OpenSCENARIO R2 02 2q \§ J

RoadRunner Scenario 17


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

_) Imported.rrscenario | 22a Project | MathWorks RoadRunner R2022a

« Import trajectories from
OpenSCENARIO V1.x
» Interactive edit

trajectories e = e 5050 9.9
* Relocate trajectories in = o ST IR 6% 65 G0, 9 KRR SO R 90 999 IR S0P 99999
different scenes , = & :

« Extract the path for use
with scenario logic

Route Timing Tool | Select and drag points to assign/modify time and speed values. MathWorks*

Import Trajectories from ASAM OpenSCENARIO Files 2022
RoadRunner Scenario | - 18



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
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Develop Scenarios for Automated Driving Applications
with RoadRunner Scenario

Simulate with MATLAB, Simulink, and CARLA

4\ MathWorks
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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

CARLA

4\ MathWorks
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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 Speed Action Follower Scenario
Messages Behavior Messages

= Design speed action follower behavior in
MATLAB

= Associate MATLAB behavior with actor
in RoadRunner Scenario

= Simulate and visualize results

4\ MATLAB R2022a - prerelease use
(hH4 L2980

@l search Documentation LA W = e ek et = Scenario Editing ~

P. A. NP V.

- Lt
) g &
"u:’ B | H i) Compare ¥ I;')ﬂ UU D
New Open Save & print v GoTo i CODE | ANALYZE SECTION  Pause Step Stop R Simulation
A R~ v [ Bookmark v v
- v v - Simulation Controls

NAVIGATE RUN

» >

» D: » Gitlab » roadrunner-scenario-adt-intro » SpeedActionFollowerWithRRScenario » st Forward
Step Forward

Time:

E le.m | SpeedActionFollower.m L+ |
248 % at a rate of 3 m/s2 until it achieve same speed as LeadCar. - @
249 %%

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

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

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

253 pause(1); 1 g, Max Time: | 1000.000 sec
254  end ¢

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 %% 2D Editor | Logic Pl

267 % Examine the simulation results.

Workspace Current Folder Command Window

Output | Variables Metadata | Attributes | Simulation

- Busy| Zoom: 125% windows-1252 LF script Ln 254 Col 4

Speed Action Follower with RoadRunner Scenario R2022q

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

24


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
Reader = z
Trajectory Follower with RoadRunner Scenario Test Bench | —
Path B Reference ===_=== =_==,
| Action i Pose
N Controls :
Speed Action | Dynamics Self —
Pose B
Actor Poses
o _ _ Overshoot
= Explore built-in trajectory following
behavior with linear velocity

Design actor behavior in Simulink which
includes controls and dynamics

Simulate and compare results

Trajectory Follower with RoadRunner Scenario
RoadRunner Scenario, Automated Driving Toolbox™
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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 | = N
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Jart] 357
g 10 40
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Refer e Write
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D
J » DSE [TAW] >— Targetactorsit
AllActorRuntime | N [ (7] >l Plannerarams
PlannerParams
trics As ssment
viz_data
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[P]
[TAW] )—#{ TargetActorsWerld
HelperPlotHLCPlannenWilhRRScenario
(9T Self Pose \ Sk
RefPathLanelnfo
elf Actor Runtime Read
Visualization
Copyright 2021 The MathWorks, Inc.

= 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™ |

26


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



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

9
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Partner with MathWorks to extend scenario workflows

Generate Generate == f Automate
scenarios from scenario - : testing
recorded data variations * BT | [ scenarios

Verification
workflows

RoadRunner Scenario

Integrate Integrate e O Integrate
planning & 25— SEeNsors ige., external C/C++,

Actor design e —r , W e AP code Python, ROS

Workflows

Engage with MathWorks engineers through proof-of-concept projects or Consulting Services to R2022a
extend scenario workflows
3
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Partner with MathWorks to extend workflows for tractor trailer

File Edit View Tools Assets Window Help
\L \ 3 ¢ \ SRR Simulation
-

Simulation Controls
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Confpue Step Forward

Time: 0.000s

B/ Enable Pacing to Slow Down Simulation

Slower -
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Simulation Properties

Engage with MathWorks ,, R bl
engineers through RS o Nk W S8y e
proof-of-concept projects or
Consulting Services to
extend scenario workflows

Actor SemiTruck2

Lock to Actor Orientation

T STARTED ™

on ENDED ----

- Simulation START
: Simulation time c
- Simulation ENDED

ST Simulation STARTED
Output | Library Browser | Variables Attributes | Metadata | Simulation
Simulation Tool
10:57 PM
3/24/2022
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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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