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MOSAR ScenarioManager insights

Who are we ?
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scientific and technical fields

Defense and security

o Own skills
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phy5|ca| and tool-based System engineering Safety Dlgltalsecurlty loT
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stemX

System What problems are we addressing ?

Which parameters are relevant for system . .
How to automize test cases generation ?

validation ? How to simulate the
How to combine system requirements and HOW to reduce the number of tests and environment ?
Which source of data should be addressed ? scenarios ? How to specify the ODD ? improve the coverage of test cases ? How to accuratly
How to effectively describe situations ? .
How to deal with real world data ? Which scenarios must be considered ? simulate sensors ?
. ’ ’ How to simulate other’s
Which cases are relevant ? How to evaluate test plan coverage ? behavior ?
What is the
Scenarios Use-cases Test protocols Test cases representativness of

- o . - . i i ?
collection specification design generation simulations :

- Real world data - System operational - Use cases selection - Design of experiment
- Incidents design domain spec. - Test scenarios setup export

- Accidents - Parameters design - Coverage estimation - Combinatorial

- Expertise optimisation

Tests
? . .
Are the results acceptable ? realisation

MOSAR general WorkﬂOW What is the good system’s response ?

How to handle massive result sets ?

- Simulation
- Physical tests

Results analysis

- Pass/fail checks

- Results exploration How to handle millions

of tests ?
Which tests can be
simulated ? 3
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What is the MOSAR platform ?

MOSAR platform: SaaS tools for research projects
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How is the platform constructed ?

2018 ASV: Autonomous driving simulation &

2015 SVA: Simulation for the safety of 2019 3SA: Simulation for the safety of 2022 yalidation

2019 aytonomous vehicle 2023 jutonomous vehicle systems
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2019 SAM: Security and acceptability of autonomous driving and mobility

2021 PRISSMA: Investment and research platform for the safety and security of
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https://www.irt-systemx.fr/en/research-activities/application-sectors/mobility-and-autonomous-transport
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What is MOSAR Scenario Manager ?

Scena rio Ilbra ry Following emerging standards: ISO 345xx — Test scenarios for automated driving
Intended for conception, validation and homologation ) IS0 34501 ~Vocabulary
. | vall | | 5 q
P ! & . ISO 34502 — Scenario based safety evaluation framework for ADS
. Expanding the known (and espacially potentially unsafe) c ISO 34503 - Taxonomy for operational design domain
space of situations ; accumulate feedbacks . ISO 34504 — Scenario categorization
. From several sources : 5
xpertise m rials. real worl identol + non-formal, human readable
° € pE‘. tise materials, e? ° d_data' accidentology « behavior-based description of a traffic scenario
StUdIeS, systems experimentations, coverage « possibly containing a visualization
algorithms, ... &
« formalized, machine readable, and declarative description ki
(i.e. constraints on the happenings)
.. . « closely tied to an ontology (or rather family of ontologies)
L MOSAR descrlptlve scenario format « efficient description of relations (e.g. cause-effect). v
. Specifies a situation and its evolution with an external point « parameterized representation of a set of scenarios, where
. o . . « influencing factors are described by means of parameter
of view, describing what is observed ; : Taiiiges and distcutioes
Logica * enables parameter variation
. Potentially infinite number of different concrete situations s 4
=> abstraction 1
« asingle scenario, describing exactly one specific
. T scenery and chain of events with fixed parameters
. Storyboard (sequence of snapshots) oriented description ; « can, for example, be written as OpenDRIVE + OpenSCENARIO
. One data structure for all abstraction levels. Level Number

of abstraction of scenarios

Relationship of functional scenario, abstract scenario, logical scenario and concrete

scenario
Source: ISO/DIS 34501:2021
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Scenario library implementation

Taxonomy and ontology shared for scenario description and ODD specification

Description

Optional
attributes

Road
segments

Segment
property

Strip property

Temporal
modifications

Actor
properties

Physical
parameters

Dynamic
capabilities

Vehicle
capabilities

Occupants

Actors
properties

Kinematics

Equipment
state

Storyboard

Events

Environment

Weather

Road State

Traffic




MOSAR ScenarioManager insights

Scenario library implementation

Scenarios organized m OS O r =.

into containers that
store scenarios i= Scenarios (& Systems & Use-cases Test Protocols ,“ Frames of reference
hierarchies from a

specific data source
and fitting a specific

obb Scenarios Containers overview Content repartition Key documentation

nentation

cenario library

¢ Scenanio data model reference [g

Filtrer

Q Search scenarno

* Dashboard user's guide |@
8 Browse containers

SA - Expertise

Videos

SA - OSC/ALKS scenarios

SA - Tests radar . Scenario Creation

MOSAR - Accidentology scenarios samples « P How to Duplicate a scenario

MOSAR - Documentation material « P How to edit an infrastructure

MOSAR - Driving scenarnios samples * p How to Move a scenario

SAR - . tion s ios X .
MOSAR - Expenmentation scenarios samples « P Access Explained

MOSAR - Expertise scenarios sample
Technical documentation

SAM - Bien partagé

SAM - Expertise safety / SVA .
=)= 5 Ry ¢ Scenario manager API reference

SAM - ces de lordre (FO) - Interactions Agel
SAM - Forces de l'ordre (FO) - Interactions Agent Statistics API reference

SAM - Forces de ordre (FO) - Interactions Véhicule Prioritaire

(%) Number af a

Python client documentation

(**) Total n

Descriptive scenario for simulation L@

Driving data import tutorial L=

Report generator user's guide |@

il, Related frames of reference quick links

Reference data used @ contact: support-mosar@irt-systemx.fr

for scenarios Collections Actors Infrastructure

Tags
description and ODD  Actors |' elements
specification are * Behaviors c> Q
stored into dedicated e gUpmeRa c :
collections o Infrastructure elements '
* Infrastructures 4
* Tags 5




MOSAR ScenarioManager insights

Scenario library implementation

< VDDA - UIIVITIY sSLelidrius sdllipies scerndarius

293

scenanas found

Each container holds its
own hierarchy of
scenarios, from the most
abstract level to the most Add filter criteria_..
concrete level No Alers appded

Cut-in (3) X3
The EGO vehicle is on the main highway road. A vehicle in the adjacent lane of the EGO vehicle preforms a lane change in front of the EGO. N
Functional
scenario
01. Cut-in with no obstacles (9)
The EGO vehicle is on the main highway road and a vehicle preforms a lane-change in front of him without any obstacle explaining its maneuver. N

Logical scenario

000BABAB3TAA_20160907_073441_1460_1462

No descriptian

000BABAB3TAA_20160007_073441_2781_2783 Concrete scenario

No description

000BABAB3TAA_20160913_121554_1647_1649 GO

No description

©,
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Scenario library implementation

Challenger starts overlap Challenger enters Ego lane

[FJ sceneinitiale

Challenger starts overlap

Challenger enters Ego lane

Challenger enters Ego path

v Cut-In vehicle
.. Lateral position Lateral position Lateral position
o Reference Reference Reference
E Main segment Main segment Main segment
2 strip strip Strip
= Lane +1 Lane +1 Lane 0
Shift in the lane shiftin the lane shiftinthelane | EACh parameter can be
CENTERED SHIFT_LEFT SHIFT_RIGHT specified with an abstract
Longitudinal position Longitudinal position Longitudinal positiol  value, a range of value, a Lateral position Lateral position Lateral position
Reference Reference Reference concrete value or can be let Relfmanee Reffarence Reference
Actor | EGO Actor | EGO Actor | EGO . ip Main segment Main segment Main segment
Position Position Position undefined if its not a strip Strip strip
Not defned AHEAD AHEAD distinctive feature of the Traffic lane 2 Traffic lane 2 Traffic lane 2
speed Speed Speed scenario shift in the lane shift in the lane shift in the lane
Reference Reference f: 0.45 p.d.u 0.3 p.du. 0.01 p.d.u.
ABSOLUTE_SPEED ABSOLUTE_SPEED ABSOLUTE_SPEED 2 /ﬁ’"ﬂ"“"i" Longitudinal position Longitudinal position Longitudinal position
Speed value Speed value Speed value Reference Reference Reference Reference
15 ; 70] km/h I5: 70] kmh 6 : 70 kmih Rua_x_i [ SEGMENT) Roa.:? | SEGMENT_START Roa_r! | SEGMENT_START Roa_q [ SEGMENT_START
Position Position Position Position
:':g'e Al'?e :’:?‘,e Nat defined 108m 114m 33.44m
Speed Speed Speed Speed
Reference Reference Reference Reference
- Lane change ABSOLUTE_SPEED ABSOLUTE_SPEED ABSOLUTE_SPEED ABSOLUTE_SPEED
£ MaxLateralAcceleration @ speed value Speed value speed value speed value
E >0 mis? 128 km/h 130 km'h 131 km/h 131 km/h
& Angle Angle Angle Angle
1° 6 ° -7 -9

10
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stemx . .
System Expertise scenarios use cases

=  Expertise scenario

ScenarioManager v4.2.1

Documentation of a priori situations from

I8 Scenarios G Systems & Use-cases Test Protocols § Frames of reference
several sources:
- System functional specification ;
Scenarios Containers overview Content repartition Key documentation

Fitrer I * Scenano data model
reference |G
» Dashboard user's guide

=
Videos

* p Scenano Creation

- System and paths risks analysis ;

3SA - Expertise
SA - OSC/ALKS scenarios
3SA - Tests radar
MOSAR - Accidentology scenarios samples
MOSAR - Documentation matenal

— Theoritical situation covering ;

— Reglementation ;

* MOSAR - Driving scenarios samples * p How to Duplicate a
— * MOSAR - Experimentation scenarios scenario
samples = p How to edit an
» MOSAR - Expertise scenanos sample infrastructure
* SAM - Bien panage « p How 10 Move a scenano
* SAM - Experuse salety / SVA * P Access Explained

SAM - Forces de lordre (FO) - Ineractions (") Neambs Canars — - %
- AUTDeY Of ACCES SN SORNANTDS Technical documentation

» Scenario manager API

reference

¢ » Staustics API reference
1, Related frames of reference quick inks

* Python client
documentation

Collections

Infrastructure Actors Infrastructures « Descriptive scenano for

o Aclors elements “ - ﬂm simulation Ln
« Behaviors . ‘ . wa « Driving data impont tutorial

11



MOSAR ScenarioManager insights

Accidentology use case

. Accidents scenarios

Documentation of observed situations
that cause accidents:

— Accidents studies ;

— Experience feedback ;

nNOSsarak

I8 Scenarios G Systems & Use-cases Test Protocols @ Frames of reference

#% / Scenarios Containers / MOSAR - Accidentology Scenarios Samples

y SCenanos samples »

B Contentof « M

Accidentology scenarios samples

Example of the use of M&SAR ScenarioManager to store observed accidents
situations.

B

Scenario Manager

This catalog contans a sel of scenarios extracled from an accidentology study. It contains only a imited
set of data to demonstrate a possible use of the MOSAR ScenarioManager tool to produce a catalog of

accidentology scenarios.
Source of samples - ASFA publications

Every year, ASFA (Association des Sociétés Francaises d'Autoroutes) provides an assessment of fatal
and physical accidenis on motorways. This container covers the accidents of year 2017 that covers the
following:

« Fatal cients Accidents (ASFA_AAMC17_WEB)_in-progress-phase-1
« Accidents of staff Intervention (ASFA_SecuritePersonnel_2017_Web)_phase-2

You'll find a subset of these situabons in this conlainey.

Representativeness
Representative distance (km)
Not defined
Representative time (days)

ScenarioManager \

@ Access
® Readers

kwvlnquineno

Controllers

clors:

/' Designers

e Administrators

— ADMINISTRATOR
lmmnk:y«

@ Frames of reference
A

Infrastructures:
Infrastructure Behaviors:
i
Equipments: Tags:
Trat Foared Evenis

12



MOSAR ScenarioManager insights

Real world data use case

=  Driving data analysis

. . . L I8 Scenarios G Systems & Use-cases Test Protocols $ Frames of reference
Situation imported from driving

. . . # / Scenarios Containers / MOSAR - Driving Scenarios Samples
experimentation data analysis

samples »

- Data segmentation and

scenarios classification operated Driving scenarios samples s © Readors /' Designers
by external tools, concrete . ) ma
. . Example of the use of MOSAR ScenarioManager to store scenarios extracted
scenarios are then imported Torm i delolic siediaisnialion. Scenario anager R
into the ScenarioManager using S —
. This catalog contans a sel of scenanos that could have been produced by the analysis of a driving [ marouane frin
its API. experimentation. It contains only a minimal set of data to demonstrate a possible use of the MOSAR
1 ScenanoManager tool to produce a catalog of scenarios. [carta.quiencro
- Concrete data of imported i ; i ificati
p Functional and logical scenarios specification N e At wilabitritors
occurrences are aggregated at . ) X "
. . This catalog is build with a skeleton of functional and logical scenarios [ erwan.reven
the logical scenario level. [,
A lunctional scenano Is a root object In a scenano catalog, and descnbes a luncuonal situation with a very
D heri d istical high level of description. For each functional scenario, there can be several logical scenarios that
- ata gathering and statistica represents a possible situatiorRef the functional description. Logical scenanos may be described to
computation ope rated in real aggregate situations that have been observed during the expenmentation or Lo specily an mteressant
time situation that has been imaginated by an engineer as a pertinent scenario 4
Actors: Infrastructures:

Concrete scenarios specification

The concrete scenarios of the catalog are instances of situations that have been observed during the

NOSAR - Actors Samples MOSAR - Infrastructure. ..

expenmentation. They are extracted from the daia logged by vehicles, and automaticaly imporied in Infrastructure Behaviors:
MOSAR ScenarioManager using its APL Concrete scenarios can be used to extract statistical data about elements:
the logicals scenarios, and give a view of real-life parameters distributions or to evaluate occurences of a [ MOSAR - Infrusrucnes.. |

-+__Specific stuation.

13
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Toward an industrial scenario database

REAL WORLD DRIVING DATA SCENARIOS Ac;gi?ms';n
DATA COLLECTION PROCESSING IDENTIFICATION & PARAMETERS
[:1:Y
NOSargy AD cene
- project
-
VEDECOM i | o =
$ § H —
1 OOVE 3 Processed Data Scenarios Database E =
COMMON SCENARIOS >
N
«Fi l Scenal
o scnars . 2
~—— 3 ~—— P S—_——— —
Y v (@@o) R : + Concrete scenarios ]
[AB« - —— o
=\ UDRIVE *
Processed Data Scenarios Database

DATABASE
OF SIMULATABLE
SCENARIOS

[
e Rl
Cee S
Accidents
PV Accidents Working Group

> Scenarios
for Design & Validation

> Scenarios for Simulation

> Scenarios
for Homologation

() sccormeart Se :
%€ i"

PEGASUS Expert Knowled Doc

> R&D projects

Renault Agicoig e e
Group STELELANTES qutemx VEDECOM
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Any question ?

erwan.revert@irt-systemx.fr

WWW.mosar.io

www.irt-systemx.fr
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