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From Experiments to Simulation

L Truvau souterains de FartsLes Bl T . [P SR ———

Maximize coverage by testing representative scenarios that are highly varied.
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The World 1s a Diverse Place

Props and Signs Actors — attributes and trajectories
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RoadRunner Scene Builder

3D model from: Hoang Vu, CC BY 4.0
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From Experiments to Simulation

L Truvau souterains de FartsLes Bl T . [P SR ———

Maximize coverage by testing representative scenarios that are highly varied.
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What are Scenario Variations?

Changes to actions, positions, speed Changes to roads and lanes Changes to props and traffic
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What Is needed to maximize the value gained from
generating driving scenario variations?
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Interoperability — use best fit tools for your workflow

RoadRunner Scenario

- Why it matters RoadRunner

In a challenging domain with
varying needs, it allows you to
leverage strengths of many tools
and facilitates collaboration.

P p—p——— RATTIon nam ATT Condition of EVent_VeRicleZ™ ConditIiontage-Tmom
v " gt <ByValueCondition>
<elevation s="0. e="0.0 <SimulationTimeCondition value="0" rule="greaterThan"/>
celevation " " c=10.0 </ByvalueCondition>
<elevation 3="9,763181 . </Condition>

</elevationProfiles </Conditio up>

<lanes> </startTrigger>
L Lancozzsec s, " a=ro. — . </Event>
<laneSection s="0.0000000000000000e+0"> <Event name="Event_Vehicle2 2" priority="overwrite">

<Action na peed_Action_Vehicle2 2">
<PrivateActio
<LongitudinalAction>

0 " b="0. <SpeedAction>
= materials color="wh: <SpeedActionDynamics dyna ="eubic" d r
<SpeedActionTarget
<vectorlane TravelDir='undirected /> ERETAEIVEIAEGEESPEEE <ntityRef="Ego" value="0" speedlargetVa]
</userData> </SpeedActionTarget>
</lane> </SpeedAction> 1

</LongitudinalAction>

<lane id="2" typ
<width s0ffse </PrivateAction>
</Action>

<roadMark sOffset pe= rmaveriel= width="1
<StartTrigger>
<userData> " -
L: avelDir="undirected" <ConditionGroup>
. cvectorlane TravelDir="undirected” /> <Condition name-"Start Condition of Event_Vehicle2" ¢ none”

<fuserData> <ByEntityCondition>
</lane> <TriggeringEntities trigg
<lane 1d="1" type="driving" level="false’> <EntityRef entityRe

0 " b="0. </TriggeringEntities>
<roadMark sOffset="0 pe= material= color="uh: <EntityConditic

OpenDRIVE OpenSCENARIO
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What makes a scenario?
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Interoperability - export scenarios to OpenSCENARIO V1.x and V2.0

<Condition name="Start Condition of Event_Vehicle2" conditionEdge="none"
<ByValueCondition>
mulationTimeCondition value="0" rule="greaterThan"/>
</ByValueCondition>
</Condition>
</ConditionGroup>
</StartTrigger>

vent_Vehicle2_2" priority="overwrite">
<Action name="Speed_Action_Vehicle2_2">
<PrivateAction>

RoadRunner Scenario

<Long
B R swivaad i, S5 | 1N AN
~.']‘n17<)l'»l-«=‘M entityRef="E
Target>

OpenSCENARIO _
V1.x L cpprimcierion

<StartTrigger
<ConditionGroup>
<Condition name="Start Condition of Event Veh
<ByEntityC t

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 1\ J
RoadRunner Scenario
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https://www.mathworks.com/help/roadrunner-scenario/ug/export-to-asam-openscenario.html
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Interactivity — representative scenes from geographic data
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Import Scene Data
RoadRunner
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https://www.mathworks.com/help/roadrunner/import-scene-data.html
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Interactivity — minimize ‘zero-to-simulation’ time

- Why it matters

Leverage humans’ intuitive
understanding of real-world
driving to design new scenarios
or modify existing ones.

- Contemporary approaches

Interactive Ul to define and
modify the various components
of a scenario.

Scenario Edit Tool

RoadRunner Scenario
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https://www.mathworks.com/help/roadrunner-scenario/ref/scenarioedittool.html
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Interactivity — understand what actors are doing and why

- Why it matters

Analyze actor behavior and
make informed decisions for
Improvement.

- Contemporary approaches

Visualize scenarios with run-time
annotations.

Define Scenario Logic

RoadRunner Scenario
22


https://www.mathworks.com/help/roadrunner-scenario/ug/define-scenario-logic.html

Interactivity — understand what actors are doing and why

« Why it matters

Analyze actor behavior and
make informed decisions for
Improvement.

& MathWorks
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Highway Lane Change Planner with RoadRunner Scenario

Automated Driving Toolbox, RoadRunner Scenario, Simulink, Navigation Toolbox 23



https://www.mathworks.com/help/driving/ug/highway-lane-change-planner-with-roadrunner-scenario.html
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Automation — representative scenes from HD Map data

RoadRunner Scene Builder



https://www.mathworks.com/products/roadrunner-scene-builder.html

Automation — representative actors from real-world sensor data

4\ MathWorks
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Automation — representative actors from real-world sensor data

Automated Workflow

Roadside objects

Using recorded sensor data:

a‘p @

e

gomecsai]

ot gost o

Lidar Camera IMU \\ P

‘ : : Trees -
‘ ! Buildings N/
Scenario Builder b A L= -4 |.9 H Object List

Add-on to Automated Driving Toolbox Radar GPS Lanes
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https://www.mathworks.com/matlabcentral/fileexchange/117450
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Automation — reuse actors in other scenes
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Relocate Scenarios

RoadRunner Scenario

28


https://www.mathworks.com/help/roadrunner-scenario/ug/relocate-scenarios.html
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Automation — programmatic workflow and authoring

D

RoadRunner Scenario

* Some programmatic variations shown are not available in a public release of RoadRunner Scenario 29



Automation

« Why it matters

Accelerate scenario generation to
allow faster and more comprehensive
testing.

= Contemporary approaches

Scene generation from HD Map data
Scenario generation from sensor data
Scenario reuse across scenes
Programmatic APIs

& MathWorks
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Continue the Conversation on Driving Scenarios

& MathWorks
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Or email: automated-driving@mathworks.com

Meet us at exhibitor booth 15!
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