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Set Level, VVMethods and the PEGASUS Family

The PEGASUS Family focuses on development / testing
methods and tools for AD systems on highways
and in urban environments

PEGASUS
% Federal Ministry
» Scope: Basic methodological - ‘gg‘rdEgggggny"cAffaws
framework ]

» Use-Case: L3/4 on highways
» Partners: 17

» www.peqgasusprojekt.de/en 5\\\ PEGASUS
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Scope: Methods, specifications for
technical assurance, toolchains
Use-Case: L4/5 in urban environments
Partners: 23 partners

Timeline: 07/2019 — 06/2023
www.vvm-projekt.de

SET Level SETHLevel

4

Scope: Simulation platform,
toolchains, definitions for simulation-
based testing

+ future projects of the PEGASUS Family

>
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https://www.pegasusprojekt.de/en
http://www.vvm-projekt.de/

VVMethods at a glance Xx VALIDATION

METHODS

Development of an overall safety argumentation and
validation methodology for urban automated driving
safety cases

» cope with the multitude of possible traffic scenarios
by a detailed analysis framework of risks.

» develop a verification and validation methodology for
AD functions that covers the whole venhicle
architecture and can be broken down to component

A Vehicle tests (proving ground and public)

level
‘ Vehicle tests in testbed

» enables exchange between OEM and TIER by HiL . Component tests
establishing common interfaces across manufacturers

. : . . . SW system test
and digitalization of the validation chain
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Overall Project Architecture VV Methods / Set Level Xx

Processes Framework Criticality Analysis Safety Argumentation Rules for system and test
m) ) cquirements
Test Environment ‘ HiL I
‘ Proving ground ‘
‘ Field test ‘
Simulation g
Control = —
R i c 2 SET.level c Simulation methods &
METHODS - 2 Simulation technology
Z o G
E % = (Platforms and Tools)
nAa n

Databases

Data Base 1
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Methodological Bridge VVM — SET Level RZZ’S&?‘?Z‘J’"
Framework Mapping

» main focus of simulation
engineering task can be SEINLevel

assigned to the VVM safety gineering Task
argumentatlon = )
Capability Layer nalysis > Q Result >
N\
Ia‘yer Stru Ctu re. Problem Domain Functional SolutioM i i, > > h“iu't >
Operational Concept Operational Concept Capabilities / > N\
e » Interpretation / Requirements St > REEl
Operational Domain (OD) = Decomposition
Deskriptiver Verkehrsraum Target
behavior R, F—
§ (Safety) Claims = Rechtsraum Traffic Sub-Use Case ___ in Traffic P Veriiation & Validaton
Sub-Use Case
e Stratagic VEV Field
“Best Practices” = Prozessraum Target behavior in 1 1
Traffic Sub-Use Case
safety - B
. p)
argumentatlon & o
ign W&V Design
- L
layer structure. - -
Design tavl
] QT
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Methodological Bridge VVM — SET Level XXZZ’S&?‘I‘ZL""
SETL & VVM Interface Anticipation

Positive risk |

Risk balance is | balance
positive if...

» the requirements of a Accident rate | / systematic decomposition of
. . . < reference Sub-claim _ lai ithi :
credible simulation process claim claims within agrumentation
for the VVM argumentation \ strategy
structure must be defined. N _ VVM safety
claim <——— arguments ——* .
argumentation
structure
data methods flr obtaining
evidence in order to support
the VVM safety
data provides evidence, argumentation
e.g. by simulation
» Slml_'”atlon ObJeCtlveS’ Objective characterization, [| Architecturs! Reauirements ~ SETHLevel
environment and system under e.g. metrics "“““"“E S T“"”"Q“"”

test are derived by claims,
arguments and system data
as e.g. capabilities.

Fwironment (Bezugsumgebung)
Definition of environment ~raficSpace] [ Sensor View |

Definition of SUT \‘;"‘“’“”";‘”‘“

provides evidence
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Criticality Analysis in VVM XXZZ’EI‘SE‘I‘ZL""

METHODS

Claim: (contribution of the VVM Ciriticality Analysis to the Safety Argumentation) claim < arguments
We identified and analyzed the relevant factors influencing criticality in the operational
domain (OD).

Arguments: (to substantiate the claim)
The ,Criticality Analysis® is methodically sound and the resulting artefacts are

sufficiently complete and substantiated by evidences. data

Artefacts: (resulting from the Criticality Analysis)

» criticality phenomena (associations with criticality)

» causal relations (plausible relations causing criticality)

» abstract scenarios (featuring phenomena and causal relations)

Tools: (employed for the Criticality Analysis)

» metrics, ontologies, simulation

» acquisition & management of knowledge and data
» data analysis (real-world & synthetic)
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Criticality Analysis — Basic Concept XXZZ’SSE‘?ZL""

METHODS

Data
Analysis

Causal Relation
(Plausible Causality)

Criticality Phenomenon

(Association) Improve Understanding

\J o S

Expert
Knowled

)

o

_ Update
e Acquire Tools
ldentification Data Convergence: all
(data or ‘ phenomena in data
knowledge) Simulation, basis explained?
Metrics,
Ontology

Assumptions:
» set of criticality phenomena is limited and manageable - finiteness (of artifacts)

» relevant phenomena leave traces in growing data basis > completeness (of artifacts)
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Simulation-based Analysis within the VVM Criticality Analysis XXZZ’S&?‘I‘ZL""

METHODS

Minimal Required Functionality:
» representative sampling from large scenario classes

» e.g. instantiation of logical scenarios using parameter variation AR TR e
» execution of concrete scenarios ] /[ ) | [ e [
» evaluation of criticality metrics T
- Provided by SET Level SUCL. =m0 e
Usage within the VVM Criticality Analysis:

» including quantification of the effect size

Average speed of ego Average speed of ip

» engineering, calibration and comparison of criticality metrics
» abstraction and refinement of criticality phenomena and causal relations
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Plausibilization of Causal Relations using Simulation XXZZ’S&?‘?ZL""

METHODS

Task: Generate evidences for the Abstract ,occlusion”scenario based on a VVM functional use case. ¢
i C EJ_ eis—
causal relation ,occlusion — -_— -
R I I B e = =
ApproaCh: i ub§tructing - 5
» consider an abstract s o L
) . . : ety
scenario with a static — .
occlusion present
Logical ,occlusion®scenario in CARLA.
» for simulation derive a set of Parameter Range
associated logical scenario ego start position (z, y) (58, —33] x [~29, —28]
ego target position (z, y) (50, 55] x [—29, —28]
ego target speed (km/h) (25, 60|
» €.g. OpenPASS’ CARLA’ o bicyclist start position (x, y) (31,32] x [3,15]
. . ‘ot . bicyclist target position (x, y) [—50, —45] x [—34, —33]
» Identify variation parameters via .- o et speed (km /by [10.25)
confounder analysis of causal Dimension of O (discretized as ) 1 5 3 4 5 ¢ 7}
number of parking cars) T
graphs Position of O (z,y) 2, 20] % ([—35, —34]U[—26, —25])
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Evaluation of Criticality Metrics and Data Analysis XXZZ’S&?‘I‘ZL""

METHODS

Approach (continued): Evaluation of criticality metrics over time:
» Generate Data Set: critical ,occlusion”scenario vs. uncritical ,non-occlusion”scenario

» use variation of parameter to obtain concrete 'M\ | o
scenarios v fl: 2T :
Eﬂ . \ 10 é E‘E . 10 :r
» execute cor.lcrete sggnarlos in sllmulatlon and \M\ e B T u
evaluate suitable criticality metrics P e B
Time [s] Time [s]
» Data Analysis:
> for each run eva|uate Whether the phenomenon 3.15 (£3.10)m /s> Visualization of simulation results  1.10 (£0.75)m/s?
,occlusion®scenarios vs. ,hon-occlusion“scenarios

was present or not
» perform statistical analysis of the resulting data set

Correlation analysis between variables and metric Effect size of causality on metric:

Variable Correlation (p)  p-value L] Cohen'sd =0.93

Occlusion 0.29 p < 10720 ; ;

Duration of occlusion 0.26 p <1015 - a—req’cond 2.9 times hlgher for
ego starting position () —0.24 p<10~14 inn“ i

bicyclist starting position (y)  —0.35 p < 10729 ”0CC|USI0n scenarios

bicyclist target speed 0.42 p <1044

Position of O (1) 0.20 p <1079
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How did simulation contribute in this example? XXZZ’SEE‘?ZL""

METHODS

Claim (Criticality Analysis): We identified and analyzed the relevant factors influencing criticality in the
operational domain (OD).

Sub-Claim (Occlusion): We analzyed the relevant criticality phenomenon ,occlusion” and its effect on
criticality in a urban intersection scenario.

: : : Sub-claim :
» generation of data providing evidence /

for the plau5|blllty of the causal relation claim < arguments —|—

,occlusion®
» enabling of statistical analysis data
» quantification of the effect size of

,occlusion®

data provides evidence,
e.g. by simulation
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Summary Xx ARG
SET Level and VVM:

» data generated from simulation can be used as

evidence for the safety argumentation within AD processes B I S o T L
release H
T Fieldtest |
» claims, arguments and system data of the safety wov LI .'5 cimutston o &
argumentation supply the simulation with Zg : e
objectives, environment and system under test . “"
Databases b
» the three typical engineering task domains of SET Fa | §

Level fit the AD Layer-Model of VVM.

Outlook:
» increasing exchange of models and scenario
descriptions between both projects
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SET Level, VVMethods and the PEGASUS Family

FAMILY
_ sharing proof-of-concepts based
showing how transfer real world on open standards and tool
scenarios into simulations and chains
. : into measurable and assessable
sharing methodologies, :
. metrics
concepts, architectures,
specifications and taxonomies
Regulation )

&) @

Audi

@ BOSCH Standards oy \\
— W
- \
PEGASUS #'PG ETAS dSPACE hast |
FAMILY - = S |
=) | Certification ,

FZI oFFIS - TR /

INSTITUT FUR INFORMATIK | |r<£ ] "/.
) #;L: Z Fraunhofer s ":R F Z}

Communities
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Meeting the PEGASUS Family... PEGASUS

FAMILY

» ...on our project and networking websites htps://setlevel.de SETHLevel
https://www.vvm-projekt.de  y mer
. : . : . : jekt.d
» ...in several international working groups in FHEDEAaSIEbER e s
standardization and regulation www.transfer-project-exchange.com <

Ly ANy (i Z}\%?/

_ _ ISO & ASAM ®)

» ...on bilateral exchange meetings b UNECE M .
b

e.g. with SAKURA (JPN), HEADSTART (EU),
NHTSA (US), PEGASUS network (INT), VIVALDI

GER), ARCADE (EU), ADScene (FR)...
» ...on conferences and workshops, e.g. (GER) (EW) (FR) N
».\!I
SET Level Mid-Term A“‘g:‘;f]tsesoioad ITS World 2021 (Hamburg) siplog AR |
preségnéjnon Symposium ARTS21 Session (Toi)llsl?)nd methods) 09.11.-11 11 ,
o (AVS21) 12.07. o A

Jan21‘ Feb ‘ \YET] ‘ Apr ‘ May ‘ Jun ‘ Jul ‘ Aug ‘ Sep ‘ Oct ‘Nov ‘ Dez 21
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Thank you for your attention!
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