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» VVM History
» VVM Goals & Approach

» Benefit of VVM towards data flow and tools

» SETLevel — Engineering Simulation Process
» KIA — Data Driven Engineering — DDE
» Connection between Scenarios, ODD, Target Behaviour and ADS-design



Vorführender
Präsentationsnotizen
Explicit goals
and first concretization
But one implicit goal - Argumenatation. 


History - PEGASUS Family R L;EEEE;‘EL”"

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

METHODS

» Scope: Methods, toolchains,
specifications for technical assurance

PEGASUS ) _ . .
https://www.pegasusprojekt.de/en/home % . g:?’[n%?sseZIg?;)/:I{tiler:'Surban environments
» Scope: Basic methodological framework * Timeline: 07/2019 — 06/2023

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

PEGASUS
FANIILY SET Level 4to5 SETHLevel

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

» Use-Case: L3/4/5 in urban environments

 Partners: 20 partners

* Timeline: 03/2019 — 10/2022

+ future projects of the PEGASUS Family

2016 2019
> Time



Vorführender
Präsentationsnotizen
Pegasus  Global Impact and Acceptance did lead to continuation as PEGASUS FAMILY (VVM, SetLevel) and doubling of budget
VVM methods extended to urban and Level 5, including down-ward compatibility

VVM  Methodolgy / Processes (revealed shortcomings simulation)
SetLevel  Simulation Tools for VVM methodology

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

VVM - Main goals YL o

METHODS

|. Systematic control of test space

IV Argumentation
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Explicit goals
and first concretization
But one implicit goal - Argumenatation. 


Goals - more close Goal IV — Argumentation R i

METHODS

S - P Explainable Compliance

Feasibility |][|[]I~ Efficiency

©

Goal | Systematic control of test space
» Understand relevant hazardous phenomena
» Involve traffic-law perspective

» Identify a target behavior & ODD

Goal Il Shift to simulation

» Seamless use of virtual and real artefacts

» Efficient integration of simulation into the test-
infrastructure

Goal Il Consistent interfaces

» Systematic breakdown of technical contracts,
requirements & tests

» Common interfaces for component exchange

mg’ @ Changeability



Vorführender
Präsentationsnotizen
Start with explicit goals. 
Link them to the V Model 
Following PAGASUS Idea of Scenario Approach  
Understand Phenomena…involve traffic …
Short: Feasibility

Golas III Infartructure talking the sane language 


Main Approach X VALIOATION
» Brute force: x million miles

» ODD decomposition & initial argumentation
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» ODD more complex
» Systematic argumentation of coverage
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A full system test



Assurance Argumentation & Framework p o4

/> argument strategy

argument strategy argument strategy

Capability Layer

Engineering Layer

Real world Layer

Design

Verification

&Validation

METHODS

Assurance Argumentation
» Enabler for traceable decomposition of claims
and thus for explainable compliance.

50

Argumentation Framework

P Structure the elements of Development &
Operation with Design and V&V so that a
consistent assurance argumentation is possible.

L

traceability consistency
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Assurance Framework R

» Defines synchronisation interface between Assurance Argumentation Development/Operation, Design sand V&V.

(

|

Operational Concept ) ( Design & Realization \ / Verification & Validation \\

claims & open Top Goals (Compliance, Market, Safety, Security, Reliability, ...
context

J

Target
Behavior

V&V
Concept

§ Law, Society, Market,
Customer Function
Operational Domain
State of the art

System & Organizational Capabilities
& ODD Decomposition

\_ Capability Layer I y =
/ controlled scenarios

Functional Architecture & : Test
Design i Planning

Functional Architecture & Design Functional Test Spec

TeChr"CaI Ar(.:hlteCtUre & Technica TeS'[ OI’CheStratlon echnical Simulation
Design Design

‘ modeled /
on site controlled

N Engineering Layer

Vehicle Test

Technical Architecture & Design ] Environment

— Test
Execution

Jeroaddy ' uolejuswnbiy asueinssy

JAN

Not controlled scenarios

in traffic real /

uncontrolled

Physical Construction

Real world Layer
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Vorführender
Präsentationsnotizen
Engineering Layer: Organisation develop vehicel incl. Simulation, Testdrive auf Einfahrstrecken, …  [controlled observed Scenarios]
Real World Layer:  real/actually behavior, that we have actually achieved [uncontrolled Scenarios]



SET Level - Processes Link to VVM R ek

METHODS

(1) Application use case: Simulation-based Engineering Task

» How to assign the Simulation-based Engineering Task to the VVM Assurance argumentation?

SETHLevel

Simulation-based Engineering Task Application use case ¥ %
Analyze the Define Simulation > Sim.-based Analysis > > Result > ER"aluli'ti%‘“ Slmu |at|0n-based
Engineering Tasks and Targets, > Sim.-based Optimization > ) Result ) Ri::l:Bassed Engineering Task
Task Assign Criticality > Sim.-based Test > m Decision



Vorführender
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Engineering Layer: Organisation develop vehicel incl. Simulation, Testdrive auf Einfahrstrecken, …  [controlled observed Scenarios]
Real World Layer:  real/actually behavior, that we have actually achieved [uncontrolled Scenarios]



SET Level - Processes Link to VVM R VALIOATION
(1) Application use case: Simulation-based Engineering Task

METHODS

Operational Concept

Design & Realization Verification & Validation

Top Goals (Compliance, Market, Safety, Security, Reliability, ...)

Safety argumentation = J
Capability Layer

layer structure. w ——

Func{

-
p
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Physical Application

Real world Layer \

. . \ \lz Sim.-based Analvsi 2| .
s E I .I e"el SII I IUIatIOI I-based : ase na ySIs esu
N .” 'n I I ;Sim.-based Optimization ; I Result
E g| eerl g aSk

I > Sim.-based Test > w' Result >

» Simulation Engineering Task can be directly assigned to the VVM safety argumentation layer structure.



Vorführender
Präsentationsnotizen
SET level focus areas of simulation 
Parallel development of VVM structure for interaction between safety argumentation and design. Solution is the consideration of different perspectives and different abstractions within 3 layers.
Suite diretcly to the SETL Engineering focus areas…



SET Level - Processes Link to VVM R ek

METHODS

(2) Credible Simulation / Modeling Process - Argumentation
» Assurance Argumentation consists of claims, strategies, argumentation and evidences.

» Evidences must be generated systematically according to the argumentation strategy.
» Simulation is a core-method for generation of evidences.

» In return, the argumentation strategies provide the definition of the simulation output in terms of
requirements including quality metrics.

argumentation
strategies
sub claim
claim | €— —
sub claim
“— argumen i

evidence

/»\

A

argument strategy argument strategy argument strategy

evidence evidence evidence

(Brade, 2021 with minor canges)

methods for generation

of evidence e.qg.
simulation

evidence




SET Level - Processes Link to VVM R ek

METHODS

(2) Credible Simulation / Modeling Process - Argumentation

» How to assign the Credible Simulation / Modeling Process to the VVM safety argumentation?

SETHLevel

Simulation task / goal % %
Credible Simulation Process Credible

Define 2piie P Implement & Assure 'Evalua'te DeCId_e et Slmu Iatlon
Quality for Execute Simulation Fulfillment

. . Simulation Results & of Simulation
Sl S Assure Quality Objectives Process

Analyze the

Simulation Specification
for Simulation
Setup

Task & Requirements

Objectives

(Simulation)

Requirements to models (quality metrics) § 4

Credible Modeling Process Credible

Analyzo._a the Define Deflm_a _Des,_lgn Implement & Assure _Evalua_te Demd_e about M ode I | ng
Modeling Requirements Specification Quality for Modelin Execute Simulation Fulfillment
Task & d for Modeling y 9/ Simulation Results & of Modeling Process

(Modeling) Simulation Setup

Objectives Simulation Setup Assure Quality Objectives
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Engineering Layer: Organisation develop vehicel incl. Simulation, Testdrive auf Einfahrstrecken, …  [controlled observed Scenarios]
Real World Layer:  real/actually behavior, that we have actually achieved [uncontrolled Scenarios]



SET Level - Processes Link to VVM p A 4
(2) Process Link: Credible Simulation / Modeling Process
Sub-claim
- Based on VVM argumentation structure, ) ’é“’ claim
the simulation task / goal of the Credible claim a -guments t
Simulation Process can be defined. arguments +T+——

~

Data, e.g. Req. to
Capabilities

evidence
y

SETHLevel

- Simulation objectives, environment s Con o
and system under test can be Erronmes e ) | o

derived by claims, arguments and R ST e

system data as, thus requirements ey

to models can also be derived.

SETHLevel

Simulation-based Engineering Tasks (Anwendungssituationen)
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Engineering Layer: Organisation develop vehicel incl. Simulation, Testdrive auf Einfahrstrecken, …  [controlled observed Scenarios]
Real World Layer:  real/actually behavior, that we have actually achieved [uncontrolled Scenarios]



Example: Link SETLevel/VVM - Criticality Analysis R VALIDATION
Claim: (contribution of the VVM Criticality Analysis to the Safety Argumentation)
We identified and analyzed the relevant factors influencing criticality in the

operational domain (OD). arguments I

claim

Arguments: (to substantiate the claim)
The ,Criticality Analysis” is methodically sound and the resulting artifacts are Data, o8,
sufficiently complete and substantiated by evidences.

Artifacts: (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) —:l
» metrics, ontologies, simulation - ] I

= acquisition & management of knowledge and data

|
|
» data analysis (real-world & synthetic) |
|




Data-Driven engineering process (DDE process) Rﬁﬁﬁ:ﬁ?&""
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» DDE is a systematic and structured approach for leveraging future application of ML in industry.
» DDE is assigned towards ASPICE process architecture (Incl. hierarchical requirements engineering).

DDE1.1 SYS.2 DDE1.12 SYSH
Systemn Diata System Requiremenis System Test Data Set System Qualification
Requirements Analysis Analysis Verification

DDE1.2 SYS.3
System Test Data Set System Architectural System Test Data Set System- System Integration &
Design Design Implementation Sl Integrafion Test

DDE2.10

SWE.1 . _
Domain Data S\W Requirements Domain Data Set Verification SW Qualification

Requirements Analy=i= [ Development Data ~ Domain Test Data Test
H Set Verification Set Verification

DDE2.9 ——

Domain Test Data Set i Incl. ML model Domain Test Data Set Doman Test SW Integration &
Design i requirements Implementation Integrafion Test

specification o

. . T DDE3.8

Development Data Set E Devenp. TIEN. & Development Data Set
Design i _ Vald. Damsat Implementation

DDE3 R als s e Ia). Contains

— 1. ML model requirements analysis

- Baiclprlliemen’uny Data Pool Verification 2. ML model training and validation

a System & Domain Test e System & Domain Test b). Contains ML model testing
Level Diata Pool Implementation Test Data Paal Data Pool Verificafion t
— T + data set to be verified
Development Data Pool T — Development Data Pool )
Implementation Poal Verification — implement or use data set
DDE V-Model 4= 4w testing feedback

» DDE Approach Each system-level of the V-model has a specific demand for data, thus each system level generate
its own requirements towards the characteristic of data.



Link: ML-DDE Process vs VVM Assurance Framework R ek

METHODS

» DDE data concept could be transferred to VVM assurance framework via layer-models.
» The assurance argumentation provides the requirements for data at different levels.

f/ Operational N\ / . AT \ / Verification & \\
Concept Design & Realization Validation
claims & Top Goals (Compliance, Market, Safety, Security, Reliability, ...)

open
context

Vehicle Level: The vehicle level addresses the AD system
o functions on an abstract level and its ODD. There is no

Concept concrete technical solution or sensor set yet. Just the sensor
principles are defined. So the focus is on the AD system’s

overall,...

Target -
Behavior System & Organizational

& ODD Capabilities Decomposition

Capability Layer

o System Level: The system level deals with the AD system

functions, or with the AD system’s technical cause-effect
chains or parts of them, respectively,...

Planning

Domain Level: The domain level addresses a single
element in a technical cause-effect chain regarding data
aspects, e.g. a SW (sub-)system or a SW component sets,..

Test
Orchestration

DDE2 DDE1

\Engineering Layer

1 Test
mmmmmmmmmmmmmmm Executi
on

Implementation Level: The implementation level DDE3
addresses the implementation of data sets,..

Real world Layer
o




Scenarios, DDE

Scenario Categories

\
= Non-formal, human-readable

.

. . )

= Formalized, machine-readable

Y,

'\
= Parameterized representation, Influence

parameters incl. ranges

Y,

N
» Single scenario with fixed parameters

Y,

DDEO

DDE1
DDE2

DDE3

VERIFICATION
VALIDATION
METHODS

P Scenarios are used to proof system performance e.g. to derive dependencies of sub-system characteristics towards

the overall (safety) performance.
P Scenarios /data-categories should correspond in terms of abstraction.




Scenarios, ODD, Target Behaviour and ADS-design YL oo

METHODS

Product phases / ODD

Feedback Cycles

final
CF _initial (inc. _implemented

ADS_design_initial ADS_design_impl

Engineering starts Development Phase Start of Production

ODD: Operational Design Domain

P Scenarios are main element of the representation of a Target Behavior (TB) within an ODD*.
Customer Function (CF) include the Target Behavior.
» ODD (incl. scenarios), the CF and the ADS-design iterate over product phases.




Summary YL oo

METHODS

» Assurance framework and argumentation build the base for an efficient use of simulation

» SETlevel example (1) Application use cases correspond to the elements w—

claim

of Assurance Framework. arguments I

Data, e.g. Req. to

» SETlevel example (2) Requirements and metrics for Credible Simulation
can be derived by claims and its argumentation strategy.

» Assurance framework build the base for defining the demand for data.
» KIA example Layer of the Assurance Framework and DDE data-categories
correspond in terms of abstraction.

The assurance framework supports simulation and data processes, so that
exact fit evidences for the assurance argumentation can be provided.



Thank you!

Roland Galbas - Robert Bosch GmbH

Supported by:
A project developed by the Federal Ministry
R PROJECT ofthe proj o P y * for Economic Affairs
P E G AS U S VDA Leitinitiative o etion
FAMILY HE— autonomous and connected driving

on the basis of a decision
by the German Bundestag
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