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From PEGASUS to VVM
Where do we come from and why the PEGASUS 
Journey has not yet reached its Final Destination

Ulrich Eberle, Opel Automobile / Stellantis



The Starting Point

SAE Level 2 System 
Partial Driving Automation 
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SAE Level 3/4/5 Automated Driving System 
ADS-equipped vehicle

ADS engaged

Object and Event Detection and 
Response OEDR transferred

Need of validation and safety proof of the vehicle + intended functionality of automated
driving system within predefined operational design domain

N. Weber et al. “A simulation-based, statistical approach for the derivation of concrete scenarios for the release of highly automated driving functions”, 
in AmE 2020 - Automotive meets Electronics; 11th GMM-Symposium, Dortmund, Germany, 2020, pp. 1-6, DOI:10.13140/RG.2.2.15306.31683/1
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How good is good enough – How safe is safe enough?
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Distance-based test approach is NOT FEASIBLE for automated driving functions
A systematic SCENARIO-BASED TEST APPROACH is needed

6.1 billion kilometers

Hypothesis

Less accidents with fatalities
than the average human driver

614 million kilometers between
two fatal accidents by humans

Required test distance  > 6.1 billions kilometersResult

Each system modification requires a re-run of all testsChallenge

6,14 billions kilometers

~16 000x

~40x
~20x



PEGASUS Family and Sceanrio-Based Development &Testing

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

20192016
+ future projects of the PEGASUS Family

• Scope: Basic methodological framework
• Use-Case: L3/4 on highways
• Partners: 17

Time

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

SET Level 4to5
• 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

VV-Methods
• Scope: Methods, toolchains, 

specifications for technical assurance
• Use-Case: L3/4/5 in urban environments
• Partners: 23 partners
• Timeline: 07/2019 – 06/2023

Methodology WP

+
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https://www.pegasusprojekt.de/en/home
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Bitte noch Titel hinzufügen!
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More Refinement Needed

• Extension of OD to URBAN
• Knowledge and requirements analysis
• Regulatory and Legal Aspects
• Database architecture
• Test Distribution and Orchestration

• Coherent Overall Methodology
• Coherent Safety Argumentation

VVM Enables the
Required Next Steps



Why is the Urban Environment so Different?

Traffic Environment
Missing Information on Driver Intentions

Complex Road Structure
Signal Phases & Queues

Also pedestrians, cyclists and 
playing children etc. need to be considered
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Major Remaining Challenges
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ASKING THE RIGHT QUESTIONS ON CRITICALITY, BENCHMARKS & TARGETS

MASTERING COMPLEXITY AND PARAMETER EXPLOSION 

DRIVING IN AN URBAN ENVIRONMENT

SAFETY THROUGH DECOMPOSITION, TRACEABILITY AND ARGUMENTATION

TEST DISTRIBUTION, ORCHESTRATION AND ANALYSIS

How can we cope with the OPEN-CONTEXT?



Goal I – Reduction of test cases
Open World Challenge ∞  n

Goal II – Industrial interfaces
Goal III – Shift to simulation
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Beyond Technology: What do we mean by Safety or
Acceptance Criteria? Society, Standards, Regulations …

Exemplary GOAL: “Absence of unreasonable / unacceptable* risk”
or “reduction of the risk to an accepted level (on behalf of society)”

The TOP GOAL is formed into a set of SUB GOALs

Sub_Goal-1: 
Functional Safety

Sub_Goal-2: 
SOTIF (tech. demands)

Sub_Goal-6: 
Cybersecurity

among others
ISO 21434,

UNECE R155
…

compliance

Among others
ISO 21448

(limitation VVM on 
technical SOTIF)

…. compliance

Among others
ISO 26262

… 

compliance

Sub_Goal-n: 
- Implementation updates
- Data privacy, protection 
- V2X; …

among others
SENA

ICO GDPR
…

compliance

Safety =

Sub_Goal-3: 
Laws & 
Regulation

Among others
national road law
traffic law 
product liability law
civil liability law 
antitrust laws

…
compliance

Sub_Goal-4: 
Ethics & Safety 
performance

Among others
Ethical standards

Germ. Ethics Com.
Safety First AD, WP
ISO_TC241 -39003

…
compliance

Sub_Goal-5: 
Human Vehicle 
interaction/integration

Among others
ISO 21448 (HMI-

demand of SOTIF)
ISO 21959, ESOP, 
JAMA, State of the 

Art in literature
compliance

Among others
performance 
in accident 
reduction

ISO 21934Scope of VVM overall method

Among others 
UNECE ALKS

UNECE 
Regulation

WP29 GRVA
compliance

Among 
others

Active safety
“preventive 
behaviour”

* unacceptable risk according to valid societal moral concepts (ISO 4804)
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A World Called Operational Domain

Operational Domain

SAE J3016
OPERATIONAL DESIGN DOMAIN (ODD)
The specific conditions under which a given driving automation system or feature thereof is designed to 
function, including, but not limited to, driving modes, under which a given driving automation system or 
feature thereof is designed to function.

.

OD comprises all scenarios
of corresponding parameter space,
describing the context of the system‘s
environment …

 The Operational Domain OD 
can be the full world or a subset

ODD
ODD comprises specific conditions,

ADS is designed to function

Funct. Use Case X

Functional Field of Application

A Functional Use Case FUC is an „Atom“ 
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Six Layers to Structure Them All

M. Scholtes et al., "6-Layer Model for a Structured Description and Categorization of
Urban Traffic and Environment," in IEEE Access, doi: 10.1109/ACCESS.2021.3072739

Structure is needed
to understand the world
and to decompose the
complex challenges
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Scenarios are Episodes featured in
“Movies” called Functional Use Cases
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 Non-formal, human-readable

 Formalized, machine-readable

 Single scenario with fixed parameters
 Put e.g. as OpenDrive + OpenScenario

 Parameterized representation
 Influence parameters incl. ranges

C. Neurohr et al. „Criticality Analysis for the Verification and Validation of 
Automated Vehicles” in IEEE Access, doi: 10.1109/ACCESS.2021.3053159



From PEGASUS
Highway Chauffeur
functional description

to

Exemplary PEGASUS VVM
„Customer Function“ 

requirements
document

Customer Function is the
Actor coping with the World‘s

Challenges
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OD ODD_initial

CF_initial (inc. TB)

ADS_SW/HW_initial

ODD_work

CF_work

ADS_SW/HW_work

ODD_final

CF_implemented

ADS_SW/HW_impl

Feedback Cycles

Engineering starts Start of Production

Development Phase

A “Target Behavior” TB of the ADS needs to be defined from prior knowledge (to be refined)
Development-related Requirements on safety and comfort are defined by OEM
“Customer Function” CF includes a Target Behaviour
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Refining Our Worlds
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Our Plan for Today
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Day 1: Project, Goals and Topics

Pegasus Family

VVM Main Approach

Stream 1
Requirements

Wrap up

Stream 2
V&V

Stream 3
Data Processes & 
Tools

Argumentation Framework

Methodological Approach

Vi
rtu

al
 P

os
te

r E
xh

ib
iti

on



Deriving the building blocks out of the framework

abstraction

STREAM
# 1
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Bench Testing Proving Ground          

Real-World Test Fields         

STREAM
# 2

18

Different Test Instances and Seamless Interplay
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Scenario 
Data Source 

Scenario 
Database &
Processing Scenario 

Selection &
Test Instance
Assignment

Scenario 
Execution

Assessment

Real World Traffic Data 

Traffic Simulation Data 

C
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Extracted
Data

Generated
Synthetic Data

Deployment of Scenario-Based Simulation Platform 
for Testing Level 3/4/5 ADS
• Focus on innovative test methodologies for the validation and 

verification of ADS in urban areas

• Real world scenario extraction

• Analysis based scenario generation

• Databases for Raw Data and Semantic Databases

• International Interoperability to be ensured

Enables New Approaches for Development, Training and Validation of 
Automated Driving

Database for Raw Data
plus

Semantic Scenario 
Database

STREAM
# 3

arXiv:2109.03648
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Databases and International Interoperability
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Thank you!

A project developed by the 
VDA Leitinitiative
autonomous and connected driving 

Ulrich Eberle, Opel Automobile / Stellantis
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