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Current Status / Public Release Candidate

An OpenSCENARIO 2.0.0 Public Release Candidate was released end of last year

Goals:
» Give people the opportunity to start using OpenSCENARIO 2
* Review the standard to work out remaining issues
» Clarify details further
« Gather feedback from public
* Improve document structure

Non-Goals:
* No major design changes or entirely new features

* Three main groups — Language, Domain Model and Implementers Forum

* Release Candidate phase was started with a public Implementers Forum kickoff in January
* Implementers Forum closed by end of March

« Hackathon in April

Result: Refined standard
Status: Standard is mostly ready, now waiting for final approval by the Technical Steering Committee in May
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0OSC2 Implementers Forum

Opportunity for the public to:

» Ask the standard writers questions / get clarification

* Report back inconistencies or ambiguities in the standard

* Implement scenarios to learn how to apply the standard to real test cases
« UNECE 157 — ALKS swerving side vehicle test
« EURO NCAP CPNC-50 — Automatic emergency braking
« EURO NCAP LSS 3.0.2 — Emergency lane keeping / overtaking test
« V&VM FUC 2.3 — Urban junction test for AD vehicles with emergency brake

- The Implementers Forum was a great source for feedback and information helping to improve the standard
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Elements of OpenSCENARIO and
Abstraction Levels
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Abstraction Levels in OpenSCENARIO V2.0.0

Not in the scope of OSC 2.0

- Manual conversion to another level required

N
non-formal, human readable x
behavior-based description of a traffic scenario
possibly containing a visualization

.

formalized, machine readable, and declarative description V\
(i.e. constraints on the happenings)

closely tied to an ontology (or rather family of ontologies)
efficient description of relations (e.g. cause-effect).

Can be stored in OpenSCENARIO

- Automation of conversion is possible

One standardized format for all three levels

A
. . , )
parameterized representation of a set of scenarios, where
influencing factors are described by means of parameter
ranges and distributions
enables parameter variation
v
2
a single scenario, describing exactly one specific V

scenery and chain of events with fixed parameters
can, for example, be written as OpenDRIVE + OpenSCENARIO

A
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Abstraction Levels in OpenSCENARIO V2.0.0

- The scenario describes two vehicles, v1 and v2
- v1is driving at a constant speed (test_speed)
- v2is following v1 at a certain distance (test_dist)

N
* non-formal, human readable
* behavior-based description of a traffic scenario
* possibly containing a visualization
A

formalized, machine readable, and declarative description
(i.e. constraints on the happenings)

closely tied to an ontology (or rather family of ontologies)
efficient description of relations (e.g. cause-effect).

* parameterized representation of a set of scenarios, where

influencing factors are described by means of parameter
ranges and distributions
enables parameter variation

a singlc scenario, dcacrihing L‘.\J.Cll) one 5ps.'ci|"1c
scenery and chain of events with fixed parameters
can, for example, be written as OpenDRIVE + OpenSCENARIO

A
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Abstraction Levels in OpenSCENARIO V2.0.0

# Simple scenario where the Ego vehicle follows
# another vehicle at a constant

standard library import

distance

import osc.standard =«

scenario follow: =

scenario declaration

actor parameters

vl, v2: vehicle «

test speed: speed <

physical type parameters

test dist: length

behavior

scenario composition operator

do parallel (overlap: equal) :

generic action

vl.drive () with:
keep lane ()

speed (speed: test speed)

modifiers

« formalized, machine readable, and declarative description

(i.e. constraints on the happenings)

* closely tied to an ontology (or rather family of ontologies)
« efficient description of relations (e.g. cause-effect).

specialized action

serial: l

v2.change space gap(reference: vl,
direction:
test dist)
lane (same as: vl)
v2.keep space gap (reference: vl,
direction:

with:

longitudinal)

. :\.\'.Hl‘L‘lL‘I'I,L\l I'\|‘I'C.‘~Cfllitl]UH of a set \‘l scenarios; w ‘k’\l‘

* influencing factors are described by means of parameter

ranges and distributions

* enables parameter variation

0, describing exactly one specific
scenery and chain of events with fixed parameters
le, be written as OpenDRIVE + OpenSCENARIO
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Abstraction Levels in OpenSCENARIO V2.0.0

# Simple scenario where the Ego vehicle follows
# another vehicle at a constant distance
import osc.standard

scenario follow:
vl, v2: vehicle

constraints

test speed: speed
test dist: length

keep (test_dist in [30m .. 50m])
keep (test_speed in [40kph .. 60kph])

do parallel (overlap: equal):

vl.drive () with:
keep lane ()
speed (speed: test speed)

serial:
v2.change space gap(reference: vl,
direction: behind

target: test dist) with:

lane (same as: vl)
v2.keep space gap (reference: vl,
direction: longitudinal)

C s¢enario

* parameterized representarion of a set of scenarios, where

« influencing factors are described by means of parameter
ranges and distributions

* enables parameter variation

1 cinole - o e 1 .
* asingle scenario, describing exactly one specific
parameters

scenery and chain of events with fix

* can, for example, be written as OpenDRIVE + OpenSCENARIO
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Abstraction Levels in OpenSCENARIO V2.0.0

# Simple scenario where the Ego vehicle follows
# another vehicle at a constant distance
import osc.standard

scenario follow:
vl, v2: vehicle

constraints

test speed: speed
test dist: length

keep (test_dist == 34m)
keep (test_speed == 55kph)

do parallel (overlap: equal) :
vl.drive () with:
keep lane ()

speed (speed: test speed)

serial:
v2.change space gap(reference: vl,

direction: behind
target: test dist)

lane (same as: vl)
v2.keep space gap (reference: vl,

direction: longitudinal)

* parameterized representation of a set of scenarios, where
+ influencing factors are described by means of parameter
ranges and distributions

» enables parameter variation

« asingle scenario, describing exactly one specific
scenery and chain of events with fixed parameters
» can, for example, be written as OpenDRIVE + OpenSCENARIO
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Scenario Composition
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Scenario Composition

Test case

Main test scenario (can be concrete or logical)
Generic scenario from database (abstract preferred)
Standard library (represents domain model)

SuT specific extensions (like user interaction)
Extensions for test system (special initialization etc.)

test_system.osc S

Test Instance

Domain

Extensions for

main.osc
follow car.osc Test Case
Test Y -
MainTest [~~~ ~~======°=°7°7 -
Scenario -OO
D
=)
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(@)
Traffic 3 g
Situations - N >
Scenario Generic | __ ______|-_-_-__ - (1;
Database Scenario N
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Specific

Extensions
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Model

[ = System
under Test
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Execution Environment

sut_extension.osc
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Implementations
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OpenSCENARIO2.0 Scenario Compiler

@WORLD

Compiler Frontend - Antir4 Compiler Backend - Scenario Engine

Standard
Library

Standard Library

type distance SI(m: 1)
type speed SI(m: 1, s: -1)

actor car ego: Vehicle:
driving style:DrivingStyle

actor car: Vehicle:
driving style:DrivingStyle

def normal (mean: real, =d: real):
external.python ("numpy.random.

Grammar - EBNF Lexical & Syntax

Parser

scenarioMember

fieldDeclaration

tement® EOF

fieldName typelame fieldAdditional
Al_cutout! LaneChangeActionDynamics_sinusoidal with ( parameterTwoTypes )
parameterTwoType , parameterTwoType
parameter parameter

parameterhlame typehlame parameterhame typehlame

fieldName -4 fieldName 2

Semantic Parser

‘\—\—.

stack

Semantic

Model

Domain Model

OpenSCENARIO2 \

fucn(&retl)

argc(&ret2)

target_lane shape_value d

arge2

localvari

|

Stop
[overridden or
stop trigger]

End
End [complete]

[not complete]

it
[ ]

startElementLifecycle

Stop.
rridden or stop trigger

State Machine"

stopElementLifecycle

Final
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Foretellix OpenSCENARIO Execution

ASAM
OpenSCENARIO 2.0
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SUMO vs CARLA

The ASAM standard is revolutionizing the way safety is —— [L5lsk
O with:

being developed into automated driving systems. dopart

sutvehicle.
alongln)
vaariveQ with:
alonglr) .
positionils.100Im, pehindsut vehicle, at: start)
position((5.25lm, ahead_of:sut vehicle, at: end)

Foretellix is the pioneer and expert in 0SCz.0, leading
the standard development project and being the first
to offer a native implementation in its Foretify ™

platform.

£

OSC 2.0 V-suite

OSC 2.0 Expertise &
Packages

Methodology Leadership
Foretellix's technc /

OSC 2.0 Native
Implementation
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YASE (Bosch)
Three phases of scenario compiler/ ScenarioEngine SETLevel

ScenarioEngine Simulator
OpenSCENARO1.X YASE Esmini
Front end Back end
OpenSCENARIO2.0 YASE YASE OpenPASS
Front end Middle end Back end
Intern Tool YASE Intern Tool
Front end Back end
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Akka Implementation

Scenario Execution / Observation Steps

ANTLR 4

Read File

T

Lexical

analysis

Syntactic Semantic

[

Initialization

»

B

Observation

Create
Instances

Observe Match
Scenario Constraints

analysis analysis

Character

Stream

Token Svntax T Execution
Stream yntax-iree Context

Initialzation

\ 4

Execution

esolve i  Run

3 Scenario
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Syntactic and Semantic Checking Example

1 import osc.standard
2
3 scenario follow:
4 w1, v2: vehicle
5
6 test_speed: speed
7 test_dist: length
8
9 keep(test_dis in [30m .. 50s])
10 keep(test_speed in [40kph .. 60kph])
11
12 do parallel (overlap: equal):
13
14 vl.walk () with:
15 keep_ lane()
16 speed (test_speed)
17
18 serial:
19 v2.change_space gap(reference: vl, direction: behind, target: test_dist)
20 lane (same_as: vl)
21 v3.keep_space_gap (reference: vl, direction: longitudinal)

with:

oscfiles/osc2/follow_broken.osc: 1
vl.walk () with:
1 ==1
oscfiles/osc2/follow_broken.osc:21:12: actor in ot exi
v3.keep space gap (reference direction: longitudinal
t1
oscfiles/osc2/follow_broken. 2 C 11d not r = identifier 'test dis'

keep (test _dis in [30m ..
1 1
oscfiles/osc2/follow_broken. :9:21: no on tj found for 'length'
keep (test _dis in [30m ..
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Open Source Tools

51WORLD OpenSCENARIO2 Grammar Checker (osc2checker)

https://qgithub.com/51WORLD/osc2checker

PMSF py-osc2 Framework

https://qithub.com/PMSFIT/py-osc2
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https://github.com/51WORLD/osc2checker
https://github.com/PMSFIT/py-osc2

Thank you for your attention!

Rolf Magnus
Akka Group

Phone: +49 151 7463 1734
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