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History - PEGASUS Family YL o’

» The PEGASUS Family focuses on development / testing
methods and tools for AD systems on highways
and in urban environments VV-Methods R i

METHODS

AScope: Methods, toolchains,
specifications for technical assurance

PEGASUS _ : :
https://www.pegasusprojekt.de/en/home % ﬁg;ih%?ssezlé:g::;g;surban environments
AScope: Basic methodological framework ATimeline: 07/2019 i 06/2023

AUse-Case: L3/4 on highways
APartners: 17

PEGASUS
FAMILY SET Level SETHLevel

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

AUse-Case: L3/4/5 in urban environments

APartners: 20 partners

ATimeline: 03/2019 7 10/2022

+ future projects of the PEGASUS Family

2016 2019
>» Time

e . &Y



https://www.pegasusprojekt.de/en/home

SET Level - Processes Link to VVM
(1) Application use case: Simulation-based Engineering Task
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S|mu|at|on-based \ \ll Z Sim.-based Analysis ZI; gesult z
SETILBVEI Engineering Ta.Sk I ;Sim.-based Optimization ;I Result

I > Sim.-based Test > w’ Result >

u Simulation Engineering Task can be directly assigned to the VVM safety argumentation layer structure.
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SET Level - Processes Link to VVM YL v’
(2) Process Link: Credible Simulation / Modeling Process

METHODS

Subclaim
A Based on VVM argumentation structure, | ’ﬁ" claim
the simulation task / goal of the Credible claim £rguments t
Simulation Process can be defined. arguments § RN
EE—
R Data, e.g. Req. to : /
Capabilities ewdenc;

SET. lBVEI SET Level — working areas

A Simulation objectives, environment
and system under test can be
derived by claims, arguments and
system data as, thus requirements e
to models can also be derived.

Simulation Tasks

evidence
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VVM Assurance Framework
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u Within the assurance framework, the criticality analysis contributes to structuring the operational domain.

Operational Concept

~

/ Design & Realization

claims & open TopGoals( Compl i ance, Market, Safety, iability, é)
Anntast
CI’ItICa“ty AnalyS|S Behfgvior System & Organizational Concept
gt;;?;a(t)ifotr;]ael al?tomain & ODD Capabllltles
KCapablllty Layer Capabilities V&V Concept /
/ controlled scenarios : : \
Functional Architecture & unctio Test
Design Desig Planning
Functional Architecture & Design Functional Test Spec
UEE TS AP = WS Test Orchestration [z Simulation | —
Des|gn Design est Spec| onsite controlled
\_ Engineering Layer _ | | 1 _ o
Technical Architecture & Design ] Test Vehicle  gnionment
e : )
Not controlled scenarios Execution
in traffic real /
Physical Construction —
Real world Layer
N\ J

\ / Verification & Validation
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Criticality Analysis in VVM XXZK’SEE‘I‘ZL""

METHODS

» Criticality (of a traffic situation) is the combined risk of the involved
actors when the situation is continued

» Main goal: gain knowledge on the open context w.r.t. the emergence
of criticality and its conditions A structuring of the operational

domain

» identification of influencing factors associated with increased
criticality A criticality phenomena

» improve understanding of criticality phenomena by analysis of
underlying causal relations A derivation of target behavior and

safety principles
» specification of abstract scenarios featuring criticality phenomena use case A u r lneemectionfi

and causal relations

A contribution to scenario-based verification & validation




Criticality Analysis i Basic Concept XXZZ’SSE‘?ZL""
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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 A finiteness (of artefacts)

» relevant phenomena leave traces in growing data basis A completeness (of artefacts)
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Simulation-based Analysis within the VVM Criticality Analysis XXZE’S&?‘?&""

METHODS

Minimal Required Functionality:

. . . Existence of ego Context Existence of fp
» representative sampling from large scenario classes
- - - - - - Ruad
» e.g. instantiation of logical scenarios using parameter oy
Start position Target position I Start position
Var|at|0n of ego of ego Dimension of O f;:;::‘:;;:::g :?f‘igJ ° G
» execution of concrete scenarios Erifimof )
» evaluation of criticality metrics Tz e o
Occlusion: O spatially Ex. of intersection
. . . between ego and 1 int of paths of
A Provided by SET Level Simulation Use Case 1. wonepan " ey
Ex. of time
Temporal proximity interval 1" Temporal proximity
- - - - =g - - of T to intersection where O exists of T to intersection
Use of Simulation within the VVM Criticality Analysis:
» abstraction and refinement of criticality phenomena and P < ) e
causal relations o o et Lenghorime | | oenotor
» engineering, calibration and comparison of criticality ot eprsin / \ ot i
model of ego world model of tp
metrics
» |plausibilization of causal relations|A check implemented [ o weiarn A e of
model against real-world data
» effectiveness of safety principles A check whether safety Causal relation for the criticality phenomenon Adcclusionfi

principles reduce the criticality in a causal relation



Plausibilization of Causal Relations using Simulation XXZZ’S&?‘?ZL""

METHODS

Analysis Task: generate data for the

relevant random variables of the causal A b s t roeclasionfidcenario based on a VVM functional use case.
relation Acclusionfi

H“\C

!E
Il <

. . . ‘o bulletin board
» based on adjustment variables (identified
via graph analysis), = S ———————== .—
L o ED. — -
» evaluate the presence of the criticality  cootroctin w——
phenomenon Acclusionfi ¢ bioyclist ¢
o : : U ] oSt
» and measure criticality with a suitable -

criticality metric.

L o g i ac@usionAscenario in CARLA.

Parameter Range . . . .
= Approach: model the causal relation (including its

ego start position (x, y) [—58, —33] x [—29, —28]

ego target position (z, y)) [50, 55] x [—29, —28] context) as a logical scenaio for assessment in a

ego target speed (km/h) (25, 60| _ _

bicyclist start position (z, y) [31,32] x [3,15] simulation

bicyclist target position (z, y) [—50, —45] x [—34, —33] .

bicyclist target speed (km/h) | [10,25] » eg.openPASS, CARLA, ¢

Dimension of O (discretized as {0,1,2,3,4,5,6,7}

number of parking cars)

Position of O (z, y) [2,20] x ([—35, —34]U[—26, —25])




Evaluation of Causal Effects and Modeling Quality XXZZ’S&?‘I‘ZL""

METHODS

» Evaluate Causal Effects
of a criticality phenomenon c¢p € Image(X) on a suitable
criticality metric ¢ using the do-calculus, e.qg.

» Average Causal Effect
ACE(cp. @) = E(¢ | do(X = cp)) — E(p | do(X = —¢p))

» Relative Causal Effect
E(p | do(X = cp))
E(¢ | do(X = —cp))

RCE(cp, @) =

» Evaluate Modeling Quality:
_ E(p|do(X = ~cp))

E(¢p)

» calculate the extent of explanation of measured o(ep, @) =1
criticality by a criticality phenomenon

» calculate the distance between joint probability

distributions to check dependencies of X p =D(P(V,, V3, V4, X) || P(V2, V3, V4, X7))

Tjark Koopmann, Christian Neurohr, Lina Putze, Lukas Westhofen, Roman
Gansch, Ahmad Adee. Grasping Causality for the Explanation of Criticality for
Automated Driving, to be submitted to ACM Transactions on Intelligent
Systems and Technology, 2022
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VVM Assurance Framework

u Within the assurance framework, the criticality analysis contributes to structuring the operational domain.

) & ¢
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PerCollECT and CEPRA for Sensor Model Specification
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) & ¢

4 \( Cause, Effect, and Phenomenon Relevance Analysis (CEPRA)
Causes of P&EC occurrence (O) P&EC impact (1) Relevance
Pheno effect chains in ODD on SUT in ODD of P&EC
CEPRA menon Effect chain (EC) of
ID ®) phenomenon ] )
Environmental Design [1,10] | Rationale [1, 10]| Rationale
causes parameters|
y AMateri
: Analyze B N P MRS E R il . ied b ed b
Derlve CaUSE' . Lid_CEPR negativein| Y Not di st. f r] AShapes Emllner h 9 y 4 y
CO”eCt sensor ff t h . re'evance Of Specrfy A0S | opjectlist [¥ Low rec. po ﬁ:izes wavelengt sensor expert SUT expert
e eC C alns Y Reflection HAet
effects - -
(PerCollECT) cause-effect || relevant cause
chains effect chains Y RN features | oo
CEPRA Lid_CEPR E:gs:ﬂvein Y Not dist. fiy ﬁaz:‘::gl‘gfﬁ;m:&g AEmitter g |filled by g |filled by
( ) A_008 object list i /LK:)‘tNerni:i i ’;Z ﬁize of particles wavelength sensor expert SUT expert
Y Absorption { tc.
G

e [ElaERE] General
Perception Sensor o g Hed simulation
Collaborative Effect LT e requirements
T !Bﬁ'iﬁ ."eq = , Acceptance
and Cause Tree e AR =] _Requ. for lidar sensor tests for lidar
(PerCollECT) | PerCollECT system simulation sensor system
e Besoon s Serstvty o S|mulat|on
— L =
_ _ _ ERIFIKATION
Occlusion by |  Abscence of ] [ Absorption by | Reflecti
object parts % atm. aerosal atm, ae VALIDIER“NG d d
EE (Em) R (R METHODEN idar detection
Lo e B model requ.
: Measurement  Reference
iess of Shape of Size of object Pose of object . .
@ hetesns Cm 4 Cm ) C. Linnhoff, P. Rosenberger, S. Schmidt, L. Elster, R. Stark, and H. Winner: data pef “dar data per Ildar
Towards Serious Perception Sensor Simulation for Safety Validation of i i
Automated Driving i A Collaborative Method to Specify Sensor Models. expe”ment expe”ment

24th Conference on Intelligent Transportation Systems (ITSC), 2021
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Validation of Test Infrastructure XXZZ’SSE‘?ZL""

» Exemplary validation of lidar simulation with Replay-to-Sim
» The dSPACE SIL Environment replicates the HIL-stations measurements
» Open and standardized interfaces for model integration

» Validated material database

‘ sensor environment simulation

e ¥ . "
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Source: Fraunhofer IOSB




