Generate ASAM OpenSCENARIO
from recorded sensor data

Seo-Wook Park
Principal Application Engineer for ADAS/Automated Driving

MathWorks

Association for Standardization of
Automation and Measuring Systems




Contents

* Why generate virtual scenarios from recorded data?

* What is a common workflow to generate virtual scenarios?

* How does the RoadRunner Scenario implement the
ASAM OpenSCENARIO?

* Interoperability using ASAM OpenSCENARIO 1.x

2 & ASAM



Contents

* Why generate virtual scenarios from recorded data?

3 & ASAM



Why generates virtual scenarios from recorded data?
Why ASAM OpenSCENARIQO?

« Challenges

— Big data size from “tens of thousands of miles” test drive
— Not easy to reproduce a real-world traffic situation with closed-
loop simulation

* Virtual driving scenarios
— Reduce development time
— Enable closed-loop simulation to identify the root causes for
unwanted system behavior
— Run the regression testing of ADAS/AD algorithms

- Why ASAM OpenSCENARIO?

— Exchange scenarios for multiple tools (interoperability)
— Create scenario catalogs for validating ADAS/AD algorithms.
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What is a common workflow to generate virtual scenarios?
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Ego localization
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Road reconstruction
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= Extract lanes, road boundaries from = Reconstruct road with lane add/drop,
camera and lidar data road curvature and junctions
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Roadside objects reconstruction

Roadside Target Actor
Objects Trajectory
Reconstruction Reconstruction

RoadRunner
Scenario

Sensor Ego Road
Data Localization Reconstruction

= Labelled Lidar data is used to reconstruct trees, buildings and other roadside objects.
— Labels supported: buildings, trees, bushes, traffic cones, pylons, barricades, and electric poles

= You can also extract trees and buildings from raw lidar data in absence of labels.
= Alternatively use Camera + GPS to get approximate scene with roadside objects.
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Target actor trajectory reconstruction

Roadside Target Actor

Sensor _ |
Dat Loc:?z(;tion Reco?g'?riction Objests Trajectory g2
aa Reconstruction Reconstruction

RoadRunner
Scenario

Object List

Camera

= Reconstruct dynamic actor tracklists, vehicles from camera or lidar or radar data and its combinations

= Lidar sensor data can enable extraction of objects from all the sides of the ego vehicle whereas Radar
sensor data can enable farther objects.

. help | if ' I k etc.
Camera sensor data can help identify object classes (car, truck etc.) © ASAM
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Export to ASAM OpenSCENARIO 1.x

( C)) 090_Pandaset_SVG.rrscenario | R2023a_Update4 | MathWorks RoadRunner R2023a
File Edit View Tools AS Window Help
New Scenario Ctrl4+N
Open Scenario... Ctrl+0
Open Scenario into Current Scene...
save Scenario Ctrl+S

Ctrl+5hift+5

Import...
Export... ASAM OpenSCENARIO 1.x (.xosc + .xodr + .osgb)
Exit Alt+F4 ASAM OpenSCENARIO 2.0 (.osc + .xodr)

Windows (C:) > RRProject » R2023a_Updated > Exports

~t

Mame h Date modified

»eedScenario.geojson
seedScenario.osgb
eedScenarioxodr

9/6/2023 5:01 PM

XODR File

AOSC File
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port to ASAM OpenSCENARIO 1.x and 2.0
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<?xml version="1.8" encoding="UTF-8"?>
F<OpenSCENARIO>

<FileHeader revMajor="1" revMinor="@" date="2023-09-86T17:01:30" description="Exported from RoadRunner versionR2e

<ParameterDeclarations/>
<Cataloglocations/>
<RoadNetwork>
<LogicFile filepath="SeedScenario.xodr"/>
¢SceneGraphFile filepath="SeedScenario.osgbh"/>
</RoadNetwork>
<Entities>

<Storyboard>
<Init>
<Actions>

</Init>
<Story name="EmptyStory">
<Act name="EmptyAct">

<ManeuverGroup name="EmptyGroup" maximumExecut
<Actors selectTriggeringEntities="false"/>

</ManeuverGroup>
<StartTrigger>
<ConditionGroup>
<Condition name="SimulationStart™
<ByValueCondition>

cong

<SimulationTimeCondition valug

</ByValueCondition>
</Condition>
</ConditionGroup>
</StartTrigger>
<StopTrigger/>
</Act>
</Story>
<StopTrigger>
<ConditionGroup>

<Condition name=

conditionEdge="none" delays

Vendor="MathWorks" Program="RoadRunner" Version="R2823a Update 4 (1.6.4.b448570323
import osc.standard

# Action Declarations
action mw_assign_time_data_based_speed

scenario pandaset_osc2:

map: map
keep(map.map_file == "Pandaset_0SC2.xodr")

# Scenario Variables
var sim_start_time: time = sample(environment.datetime, @root_phase.start)

# Scenario Parameters
environment: environment

ego: vehicle with:

keep(it.color == white)

keep(it.geometry_reference == "Vehicles/Sedan.fbx")
keep(it.bounding_box.center.x == -5.96846e-08m)
keep(it.bounding_box.center.y == -©.00706172m)

keep(it.bounding_box.center.z == ©.727468m)
keep(it.bounding_box.length == 4.55561m)
keep(it.bounding_box.width == 1.93778m)
keep(it.bounding_box.height == 1.45382m)
keep(it.center_of_gravity.x == -5.96846e-08m)
i i -0.80766172m)
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Review exported ASAM OpenSCENARIO 1.x with esmini

RoadRunner Scenario

W

Exports.xosc

&> .
esmini

OpenSCENARIO player
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https://github.com/esmini

RoadRunner Scenario vs. Carla

RoadRunner Scenario Carla

H

Exports.xosc
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* How does the RoadRunner Scenario implement the ASAM
OpenSCENARIO?
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Graphical interface for defining scenario logic

File Edit View Tools Assets Window Help SCENARIO EDITING  ~
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Initialization element RoadRunner Scenario — Logic Editor

Initial
ASAM OpenSCENARIO 1.x Action Phase
Storyboad
|StoryBoard
Init [init
Story Actions _
StopTrigger GlobalAction | e
ParameterAction | N /
UserDefinedAction ‘ g1 ) Initialize Speed
ZlIUELE S v el Motion Follow Lane
LongitudinalAction Relative to | Absolute
LateralAction : oeed
VisibilityAction Ll pes 10.00 m/s
SynchronizeAction
ActivateControllerAction =
ControllerAction v
‘TeleportActi_on I, Change Behavior Parameter /
SOLUAE DU Name | LaneChangeDistance (string)

Value | 20

v
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Initialization element

RoadRunner Scenario — Logic Editor

other_veh...

D
1 « stationary...

Over 10 m —~

| .H
b4 0

Initial
Storyboad
|StoryBoard

Init [init

Story Actions

StopTrigger GlobalAction

ParameterAction |
UserDefinedAction
Private
PrivateAction
LongitudinalAction
LateralAction
VisibilityAction
SynchronizeAction
ActivateControllerAction
ControllerAction
TeleportAction
outingAction
| A
19
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Story — Action element

ASAM OpenSCENARIO 1.x

“‘who” is doing “what” and

RoadRunner Scenario — Logic Editor

Storyboad » y . .
when” in a scenario.
|StoryBoard
Init
Story tory
StopTrigger Act [EEE———
e “Wh Ou other_veh...
tors . 10.0m/s \
CatalogReference ——=
Maneuver p” ”
Event what ®
Action
GlobalAction
ParameterAction
EntityAction
UserDefinedAction >
- D
PrivateAction \ ‘ CIa
LongitudinalAction :
LateralAction
VisibilityAction
SynchronizeAction
Activate ControllerAction
ControllerAction D
TeleportAction
RoutingAction
StartTrigger | @ ”
StartTrigger W h e n
StopTrigger

20
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Story — Trigger condition element RoadRunner Scenario — Logic Editor

ASAM OpenSCENARIO 1.x
Storyboad

|StoryBoard
Init
Story Story
StopTrigger Act
/ ManeuverGroup
Actors
CatalogReference
Maneuver Conditions
Event stationa Simulation Time
IAction Time | 5.25s
GlobalAction
ParameterAction
EntityAction
UserDefinedAction Add AND Condition...
PrivateAction Actor Speed
L . Distance To Point
LongitudinalAction
9 - |Distance To Actor
LateralAction Behavior Parameter
VisibilityAction ‘ Global Parameter
e )C 14 Lon_g_.|_tud|na\ Distance To Actor
Sl Collision
Activate ControllerAction = : Phase State
ControllerAction Simulation Time |8
| - Time To Actor
| ) TeleportAction Lateral Distance To Actor
RoutingAction Event
StartTrigger I @ ” AL
StartTrigger l— W h e n
StopTrigger
72\
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Story — Trigger condition element

ASAM OpenSCENARIO 1.x

RoadRunner Scenario — Logic Editor

Storyboad
|StoryBoard

Init

Story

StopTrigger P| ConditionGroup

M — other_veh...
Condition ‘ = -
. . 1 « stationary...
ByEntityCondition v 16
EndOfRoadCondition y
CollisionCondition Conditions
OffroadCondition Simulation Time
TimeHeadwayCondition Time | 5.25
TimeToCollisionCondition
AccelerationCondition
StandStillCondition
SpeedCondition Add AND Condition...
RelativeSpeedCondition i ]Actor Speed
B . & Distance To Point
TraveledDistanceCondition | ‘IDistance To Actor
ReachPositionCondition Behavior Parameter
DistanceCondition Global Parameter
. . - Longitudinal Distance To Actor
RelativeDistanceCondition ICoII'ls'lon
ByValueCondition Phase State
ParameterCondition Simulation Time h
- — Time To Actor
TimeOfDayCondition Lateral Distance To Actor
SimulationTimeCondition IEvent
StoryboardElementStateCondition L
UserDefinedValueCondition
TrafficSignalCondition
TrafficSignalControllerCondition 7N
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* Interoperability using ASAM OpenSCENARIO 1.x
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Interoperability using ASAM OpenSCENARIO 1.x

“Simulator A” may not handle

& ASAM OpenSCENARIO 1.x some elements that the
/ RoadRunner Scenario

/ RoadRunner Scenario \ incorporates.

Ex) GlobalAction
StoryboardElementStateCondition

“Simulator A” Event priority = “parallel”

RoadRunner Scenario
implements “RoutingAction”
in the Init section

k j “Simulator A” may not recognize
\ j “RoutingAction” in the Init section

but handles in the Story section.
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Init element — Interoperability example

o RoadRunner Scenario “Simulator A”
Init 2 M Init
Sooroer]  [ctons ctions ~_~ May not be supported
GlobalAction GlobalAction
UserDefinedAction UserDefinedAction
Private Private
PrivateAction PrivateAction
LongitudinalAction LongitudinaIActicX(n
I l LateralAction LateralAction \
& VisibilityAction VisibiliyAction |
u SynchronizeAction SynchronizeActiob
ActivateControllerAction ActivateControIIerk\ction
ControllerAction ControllerAction \
TeleportAction TeleportAction l
RoutingAction outingAction
Export Options
i These features are for export only and do not affect the simulation.
Actor Movement ) Physicl RoadRunner Scenario In “Simulator A”, trajectory may not be defined in
it defines a trajectory in the the Init section. (Init is supposed only to set the
= T Init element. initial conditions for the vehicles?)

() Route
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Story element — Interoperability example
RoadRunner Scenario

|StoryBoard

GlobalAction

UserDefinedAction

PrivateAction

Story

Init
Story Story
StopTrigger Act
ManeuverGroup
Actors
CatalogReference
Maneuver
Event
Action
‘StartTriggea
StartTrigger ‘
StopTrigger

‘StopTriggerl

LongitudinalAction

LateralAction

Visibility Action

SynchronizeAction

Activ ateControllerAction

ControllerAction

TeleportAction

RoutingAction

Act

“Simulator A”

May not be supported

‘StopTrigge[l

May handle
“RoutingAction” only in
the Story section.

ManeuverGroup
Actors
CatalogReference
Maneuver
Event
Action
GlobalAction
UserDefinedAction
PrivateAction
LongitudinalAction
LateralAction
Visibility Action
SynchronizeAction
Activ ateControllerAction
ControllerAction
TeleportAction
RoutingAction
| StartTriggeﬂ /
StartTrigger |
StopTrigger
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Trigger condition element — Interoperability example
RoadRunner Scenario

|StoryBoard

Init

Story

StopTrigger ” ConditionGroup

Condition

other_veh...

1 « stationary...
Over 10 m —~

other_veh...

R 120 m/s
At4.0 m/s"2

ByEntityCondition

“Simulator A”

ConditionGroup

EndOfRoadCondition

CollisionCondition

OffroadCondition

TimeHeadwayCondition

TimeToCollisionCondition

AccelerationCondition

StandStillCondition

SpeedCondition

RelativeSpeedCondition

TraveledDistanceCondition

ReachPositionCondition

DistanceCondition

RelativeDistanceCondition

ByValueCondition

This condition makes the serialization
of the action phase easier.

ParameterCondition

TimeOfDayCondition

SimulationTimeCondition

I StoryboardElementStateCondition

UserDefinedValueCondition

TrafficSignalCondition

TrafficSignalControllerCondition

Condition

May not be supported—

ByEntityCondition

EndOfRoadCondition

CollisionCondition

OffroadCondition

TimeHeadwayCondition

TimeToCollisionCondition

AccelerationCondition

StandStillCondition

SpeedCondition

RelativeSpeedCondition

TraveledDistanceCondition

ReachPositionCondition

DistanceCondition

RelativeDistanceCondition

ByValueCondition

ParameterCondition

TimeOfDayCondition

SimulationTimeCondition
StoryboardElementStateCondition

UserDefinedValueCondition

TrafficSignalCondition

TrafficSignalControllerCondition
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Questions/Suggestions on Interoperability

The ASAM OpenSCENARIO V1.x schema should remove any ambiguity to
resolve the interoperability concerns.

What's the best practice for defining RoutingAction? Init or Story or both?

StoryboardElementStateCondition makes the serialization of the action
phase easier. But some simulators do not implement this condition.

« Can we bring in concept of “Serial” and “Parallel” nodes into OSC1.x
version which can address most of issues we are seeing today?
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Key Takeaways

 Virtual scenarios generated from recorded data enables closed-loop
simulation for root-cause analysis and regression testing.

A workflow to generate virtual scenarios typically includes localizing the
ego and reconstructing roads, static objects, and actor trajectories.

* You can get started with this workflow using examples from Scenario
Builder for Automated Driving Toolbox

 RoadRunner Scenario can export ASAM OpenSCENARIO (1.x and 2.0)
for the virtual scenario.
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Thank you for your attention!

Please contact me at spark@mathworks.com with questions.

Seo-Wook Park

Principal Application Engineer for ADAS/Automated Driving
MathWorks
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