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▪ Methods and tools to test automated driving systems (highways and in urban environments)

20192016
+ future projects of the PEGASUS Family

• Scope: First methodological framework

• Use-Case: L3/4 on highways

• Partners: 17

Time

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

SET Level

• 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

PEGASUS Family
PEGASUS + SET-Level + V&V Methods
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https://www.pegasusprojekt.de/en/home


2019

+ future projects of the PEGASUS Family

Time

2016

Capability 

Layer

Engineering 

Layer 

Real-World 

Layer

Operational Concept Design & Implementation Verification & 

Validation

S
im

u
la

ti
o
n

-B
a
s
e

d
 

E
n
g
in

e
e
ri

n
g
 T

a
s
k
s

P
ro

c
e
s
s
e

s

M
e
th

o
d
s

T
e
s
t-

C
a
s
e
s
 a

n
d

 

S
im

u
la

ti
o
n

 T
a
rg

e
ts

A
rc

h
it
e
c
tu

re

T
o
o
ls

 a
n
d
 

T
o
o
l 
C

h
a
in

s

M
o
d
e

ls

D
e
m

o
n
s
tr

a
to

rs

S
ta

n
d
a
rd

s

3
Prof. Dr. Frank Köster, Institute for AI Safety and SecurityP

E
G

A
S

U
S

 F
a

m
il
y
: 

h
tt

p
s
:/

/w
w

w
.p

e
g

a
s
u

s
p

ro
je

k
t.

d
e

/e
n

/h
o

m
e

PEGASUS Family
PEGASUS + SET-Level + V&V Methods

▪ Methods and tools to test automated driving systems (highways and in urban environments)



▪ Beside real-world data also synthetic data are of growing relevance

▪ Collect and refine requirements

▪ Prepare training & validation data

▪ Completion of safety argumentation

▪ Define deployment strategies

▪ Investigate and understand 

field observations – root-

cause analysis

▪ …

Digital
Twin

DT

…

Interfaces & Datastructures

Generic Bus

Log Processing

Management Interface

Configuration Management Repository

…

Simulation (Scenario) Control

Simulation Task / 
Experiment

Simulation 
Configuration → 

Integration of Digital 
Twins

Run

Store

Retrieve

Post-Process

Result 
Compilation

Execution

Evaluation 
Algorithms

Reporting

Traces

Scenarios

Digital Twins

Traceability Tool

Simulation Platform Control
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Simulation System 
Extension

System Under Test

Operational 
Environment

MIL / SIL

HIL / PIL / 
VIL

Proving 
Ground

Public 
Roads
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PEGASUS Family – Focus on SET-Level
PEGASUS + SET-Level + V&V Methods



Plan

Smart 
System

Data

Infor-
mation

Know-
ledge

Functions

Skills

Expertise

Integration of knowledge 

with machine learning 

methods

Processes, methods and tools 

for generating and enriching 

training and validation 

data

Expansion and transformation of 

existing AI modules according to new 

requirements

Methods and measures to 

safeguard AI-based perception 

functions
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Safeguard AI-based Perception Functions



AI-Engineering

Playing Field
Striving for Safety and Security

DevOps
Intended

Functionality

Operational

Framework & Procedures

Humans 

in the Loop

Operational

Design Domain

& Environment

Data Algorithms
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Resilience

Continuous 

Improvement

Playing Field
Striving for Safety and Security … but can we win?

AI-Engineering DevOps
Intended

Functionality

Operational

Framework & Procedures

Humans 

in the Loop

Operational

Design Domain

& Environment

Data Algorithms

+
 T
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ls

Methods Knowledge

AI-

based

Function

Safe / Secure

Fail Safe / Secure

Fail Operational

Functional Degradation

Self Healing
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Implement function

or prepare training and

validation Data

Collect and refine

requirements – e.g. 

identify scenarios 

and define ODD

Compile for target-system

or build AI based on

training and validation

data

Test – e.g. contribute

to safety approval

Release

Deploy – following a 

deployment strategy

Operate & collect

field and performance 

data

Plan following

increment

Post-process field and 

performance data

Monitor, assess and 

evaluate the function’s or 

AI‘s performance
Overall quality

management and

process improvement
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It’s not Done when it’s Done!
There is no One-Shot Solution → DevOps … and … Digital Twins are Essential

Digital
Twin

DT

…



▪ Open cloud/edge-based data and service-ecosystems will be the “home” of many digital services/pro-

ducts that will more and more rely on AI-based components – e.g. GAIA-X

▪ GAIA-X will be the basis for a digital ecosystem in which data and services can be made available, 

integrated/merged, shared and used securely and with an ultimate level of trust. 

▪ Based on European values, GAIA-X implements the following 

guiding principles: 

▪ data protection (European standards)

▪ ultimate authenticity and trust 

▪ sovereignty and self-determination 

▪ openness and transparency 

▪ free market access as well as 

European stability and growth 

▪ modularity and interoperability 

▪ usability 

▪ European/international visibility 

and impact

Belgium

Ireland

Denmark

Germany

Estonia

Finland

France

Greece

Great Britain

Italy

Sweden

Luxembourg

NetherlandsAustria

Poland

Portugal

Slovakia

Slovenia

Spain

USA
Japan

China

…
…

South Korea
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Data- and Service-Ecosystems & Data Spaces (    )



▪ Data Spaces | Data- and Service-Ecosystems
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Eco-System 

– Core Services

Use Cases

Immateriell

Entity

Institute for AI Safety 

& Security / Departments

Projects / Cooperation & 

Collaboration with external 

Partners

Future Entities

…

Other DLR Institutes

Data Plane

Meta Data

Information

Data- and Service-Ecosystems & Data Spaces (    )



Agriculture Energy Finance Geoinformation HealthAgriculture Energy Finance Geoinformation Health Industry 
4.0/SME

Mobility Public 
Sector

Smart City/ 
Region

Smart 
Living

Plan/Build 
/Operate
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Family of Projects – Relation to other Domains / Initiatives
Hannover Messe | 22.-26. April 
2024 | Hall 8 | Booth F25



Connected and Safe/Secure – Rescue Corridor
Safe/Secure Cooperation of Automated Vehicles

Traffic System, City and Vehicle…

Node, Corridor and Vehicle…

Vehicle and Components…

Traffic Systems… Components, User

Manuf. of Vehicels + Components…

Tools and Tool Chains

Use-cases on Different 
System Levels

RO of Fleets

Smart Managed Public Transport Fleet 

Smart Managed Freight Fleet 

RO of Vehicles

Vehicle as Edge Device

Embedded Gaia-X

Traffic Infrastructure Mgmt.

Smart Parking

Zoning

DLT-Network Vehicle Data Collection

Bullwhip Mitigation

Sensor Validation

Digital Twin based Predictive Maintenance

Digital Twin – Camera

Automated Optical

SIEM

Scenario Identification

…

…

…

…

Backend 
System

Traffic
Network

Traffic Nodes / 
Edges Vehicle System Subsystem Component
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Family of Projects – Synergies by Design
Hannover Messe | 22.-26. April 
2024 | Hall 8 | Booth F25



Traffic System, City and Vehicle…

Node, Corridor and Vehicle…

Vehicle and Components…

Traffic Systems… Components, User

Manuf. of Vehicels + Components…

Tools and Tool Chains

Generalization and harmonization 
of designs

Making benefit 
of synergies

Foundation for re-usable 
components

Foundation for system 
innovation

Joint develop-
ment activities 
and jointly 
supported open 
and freely avai-
lable standards 
as well as open 
source develop-
ments

Shared design 
principles and 
reusable 
components/ 
services

Practically relevant 
design principles, 
standards and 
functional 
components/ 
services
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Use-cases on Different 
System Levels
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Family of Projects – Synergies by Design
Hannover Messe | 22.-26. April 
2024 | Hall 8 | Booth F25



Hannover Messe | 22.-26. April 
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Family of Projects – base-x Architecture



Current Participants – Network
Hannover Messe | 22.-26. April 
2024 | Hall 8 | Booth F25
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THANK YOU
FOR YOUR ATTENTION

Prof. Dr. Frank Köster
German Aerospace Center

Lilienthalplatz 7
38108 Braunschweig

Germany 

Frank.Koester@dlr.de

Contact
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