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 Around 8.600 employees working in 47 research institutes 

and facilities at 26 sites in Germany 
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and Tokyo 
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 Green → environment-oriented traffic  

management, alternative drive trains … 
 

 Smart → automated & connected  

driving, intelligent traffic infrastructure,  

intermodal transport chains, new  

business models  ... 
 

 User Friendly → human-centered  

design, intuitive interaction, high level 

of comfort, affordable products/services ... 
 

 Reliable → safe, secure, robust, highly 

available ...  
 

 Systemic Approach → interactions  

between land use ↔ city planning ↔  

traffic planning and management ↔ technologies ↔ humans and society … 

German Aerospace Center – Transport 
(High Level Goals) 

 

  

Abbildung: acatech 



Automated and Connected Driving – Motivation (1/3) 

 The mobility of the future should be  
 

 safe / secure / clean / efficient /  

comfortable 
 

 In particular, automated and connected  

vehicles will significantly help to 
 

 improve traffic flow 

 reduce occurrence of critical situations 

 optimize the handling of planned  

and unplanned incidences 

 relieve pressure on drivers and environment 

 generate added value & stimulate  

innovative business models  
 

 As the market penetration, the degree of automation, and the level of interconnection rises, the benefits 

that can be derived from these developments will also increase.  
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Automated and Connected Driving – Motivation (2/3) 

 The mobility of the future should be  
 

 safe / secure / clean / efficient /  

comfortable 
 

 In particular, automated and connected  

vehicles will significantly help to 
 

 improve traffic flow 

 reduce occurrence of critical situations 

 optimize the handling of planned  

and unplanned incidences 

 relieve pressure on drivers and environment 

 generate added value & stimulate  

innovative business models  
 

 As the market penetration, the degree of automation, and the level of interconnection rises, the benefits 

that can be derived from these developments will also increase.  
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Automated and Connected Driving – Motivation (3/3) 

 The mobility of the future should be  
 

 safe / secure / clean / efficient /  

comfortable 
 

 In particular, automated and connected  

vehicles will significantly help to 
 

 improve traffic flow 

 reduce occurrence of critical situations 

 optimize the handling of planned  

and unplanned incidences 

 relieve pressure on drivers and environment 

 generate added value & stimulate  

innovative business models  
 

 As the market penetration, the degree of automation, and the level of interconnection rises, the benefits 

that can be derived from these developments will also increase.  
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Automated and Connected Driving – Levels of Automation 
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Automated and Connected Driving – current Status regarding Road Safety (1/2) 

Anzahl der im Straßenverkehr Getöteten – vgl. Statistisches Bundesamt (2017) 
Jährliche Gesamtfahrleistung – vgl. Kraftfahrtbundesamt (2017) 

The annual total mileage of vehicles  
registered in Germany increased to more than 725  
billion kilometers in 2016.  
 

Total mileage broken down by vehicle type in 2016: 

Number of Death in Road Traffic (1953 ... 2016): 
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 Reduction of critical events → raise safety 



Automated and Connected Driving – current Status regarding Road Safety (2/2) 
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 Automated and connected driving is complicated  
and inherently complex 
 

 advanced technologies & functionalities 
 complex environments (e.g. urban areas),  

traffic systems (e.g. an intelligent traffic 
infrastructure, communication technologies  
and backend systems), traffic scenarios 

 users and other traffic participants (in  
particular cyclists and pedestrians) 

 normative and non-normative behavior  

Prof. Dr. Frank Köster > Automated and Connected Vehicles DLR.de  •  Folie 9 

 Reduction of critical events → raise safety 
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Automated and Connected Driving – Development Strategy 
 

 Automated vehicles – levels of automation, implementation procedures and deployment 

→ Evolutionary vs. 1-Shot Approach 

Evolutionary approach → generally aims on a successively growing  

scope of functions in all areas with comparable traffic situations  

or conditions (for example Highway-Chauffeur = Highway- 

Chauffeur on all motorways in Europe  

or worldwide) 

1-Shot- 

Approach→  

generally targeting 

full functionality for 

selected areas (e.g., 

automated taxi = 

automated taxi in  

Los Angeles) 



Plan 
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Automated and Connected Driving –  

from Technologies to Smart Systems 
 

Smart  
Systems 

Data 

Infor-
mation 

Know-
ledge 

Functions 

Skills 

Expertise 

Abbildung: www.intelligente-welt.de 

 Considering just technologies  

isn’t sufficient 

 Inter- and transdisciplinary  

research is necessary 
 

 Differentiation of "intelligence levels"  

required 
 

 differentiation is essential for  

societal discourse … 
 

 which "intelligence level" is required for 

which function? 
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mission level 
 

 

 

 

strategic level 
(navigation) 

 

 

 

tactical level 
(maneuver / trajectory planning) 

 

 

reactive level 
(operation / control) 
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Automated and Connected Driving – from Technologies to Smart Systems  
Artificial Intelligence & Machine Learning 

subsymbolic methods 
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 Separation of hard- and software 

 Reduction of the number of ECUs / OBUs → new generation of ECUs 

 Conventional software components and AI-based functions 

 Over-the-Air Software-Updates / Continuous Integration 
 

 New basic functions in automated and connected vehicles  
 

 repositories (vehicles / background systems)  

 service orientation → distributed functions 

 orchestration of services and dynamic re-orchestration 

 physical / virtual redundancy in hard- and software 

 execution environments (especially monitoring / diagnosis) 

 secure networks and Block Chain technology 
 

 Use of state-of-the-art programming paradigms and  

model-based software or system development 
 

 Digital Twins – e.g. model- and simulation-based  

development and testing 

 

 

  Advanced Chassis  

Vehicle OS 

Generic Driving Functions  

Specialized Driving/Cooperation Funct. & Interf. 

D
ia
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&
 M

an
ag

em
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n
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Mobility Provider 

Content Provider / 3rd-Party Services / Mobility Services 

Purpose-/Business-Oriented Cabin 

Owner / Fleet Operator 

Generic Cooperation Functions 

Purpose-/Business-Oriented Funct. & Interf. 

Automated and Connected Driving – a wide Range of additional Topics 



The current Traffic System could also be Transformed … 
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Prototypes / Pilots 
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Strategic Framework 
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The Federal Government is  
committed to creating an  

regulatory framework as well  
as the necessary conditions  

for the introduction of  
automated and connected  

vehicles.  
 

In 2013, the Federal Ministry  
of Transport and Digital  

Infrastructure  established the  
“Automated Driving” Round Table. 

 
The “Automated Driving” Round  

Table an advisory body that  
enables a close exchange of  

ideas and experience among  
stakeholders from industry,  
academia, associations and  

public administration.  
 

Furthermore, it pools the required  
know-how in such a way that a  

broad-based societal consensus  
can be achieved on all relevant  

aspects of automated and  
connected driving.  

On 20 June 2017, the Ethics  
Commission on Automated and  
Connected Driving presented its  
report, including 20 ethical rules.  
The work started at the end of 2016 
and the commission was chaired by  
Prof. Udo Di Fabio, a former judge  
at the German Federal Constitutional  
Court.  
 
The Commission includes  
distinguished experts from academia,  
society, the automotive industry  
and the digital technology sector.  
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PEGASUS  
Methods for the Assessment of Highly Automated Driving Function 

PEGASUS = Projekt zur Etablierung von generell akzeptierten Gütekriterien, Werkzeugen und Methoden sowie Szenarien und Situationen zur Freigabe hochautomatisierter Fahrfunktionen 
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 What human capacity does the 
application require? 

 

 

 

 

 What about technical 
capacity? 

 Is it sufficiently accepted? 

 Which criteria and measures 
can be deducted from it? 

Scenario Analysis & Quality 

Measures 

 Which tools, methods  
and processes are  
necessary? 

Implementation 

Process 

 How can complete-ness of 
relevant test runs be ensured? 

 What do the criteria and 
measures for these test runs 
look like? 

 What can be tested in labs or 
in simulation? What must be 
tested on proving grounds, 
what must be tested on the 
road? 

Testing  

 Is the concept sustainable? 

 How can the PEGASUS-
Partners embed the results? 

 

Reflection of Results & 

Embedding 

PEGASUS = Projekt zur Etablierung von generell akzeptierten Gütekriterien, Werkzeugen und Methoden sowie Szenarien und Situationen zur Freigabe hochautomatisierter Fahrfunktionen 

PEGASUS  
Methods for the Assessment of Highly Automated Driving Function 
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PEGASUS  
Methods for the Assessment of Highly Automated Driving Function 

 Highway-Chauffeur (level 3) 

 Motorways or motorway-like roads including  

appropriate lane markings 

 Driving in speed-range from 0 to 130 km/h  

 lane changes 

 automated follow-up driving in traffic  

jams (stop-and-go) 

 automated emergency braking as well  

as automated collision avoidance 

 

 Not covered by the function (e.g.) 

 construction sites 

 merging or leaving  

 extreme weather conditions 
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PEGASUS  
Methods for the Assessment of Highly Automated Driving Function 

Database

                                    Data processing                                                                                        Database

Assessment of Highly Automated Driving Function

Requirementsdefintion

Test HAD-F:

Simulation
Proving Ground

Real World Drive

Evidence
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n
trib

u
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n
 to

 
Safety

Statem
en

t

Data in
PEGASUS-

Format

Application of Metrics + 
Mapping to Logical 

Scenarios

Logical Scenarios 
+

Parameter Space

Preparation for 
Test Concept

Integration
Pass Criteria

Application of 
Test Concept 
incl. Variation 

Method

Risk 
Assessment

Release Test Evaluation Test Execution Test Case Derivation

Source of Information Evaluation & Conversion Scenarios

Argumentation

Contribution to 
Safety 

Argumentation 

Data / Content

Procedure

Workflow

Process Instruction

Processing

Preprocessing / 
Reconstruction

Systematic Identification of 
Scenarios
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4

Daten:

Test Drive
Simulation
Simulator
FOT/NDS
Accident

2

Use Case,
Knowledge, 

Data

V1.4 Status
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Process Guidelines + 
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17

9
Knowledge:

Laws,
Standards, 

Guidelines, ...

1
Requirements Analysis

3

PEGASUS = Projekt zur Etablierung von generell akzeptierten Gütekriterien, Werkzeugen und Methoden sowie Szenarien und Situationen zur Freigabe hochautomatisierter Fahrfunktionen 



2009 
2014 
2024 

2014 
2019 … 2029 
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Models & Knowledge 

Simulation → Synthetic Data 

Measurements → Real-World Data 

Models & Knowledge  

Simulation → Synthetic Data 

Measurements → Real-World Data 

Reposities etc. 

Models & Knowledge  

Simulation → Synthetic Data 

Measurements → Real-World Data 

Models & Knowledge  

Simulation → Synthetic Data 

Ground-Truth 

Data 
Scenarios 

Measurements → Real-World Data 

Analysis / 

Interpretation / 

Modeling / 

Understanding 

                                        Formal Methods / Simulators / Digital Twins / Test Stands / Proving Grounds / Test Beds 

Requirements  
Specification 

System 
Specification 

Architectural 
Design 

Sub-System 
Design 

Component 
Design 

Component 
Testing 

Sub-System 
Integration + Test 

System  
Integration + Test 

System  
Validation 

Acceptance Test 

 Research & 

Development 

Platforms  
 

Project-Specific Requirements / External Data  and Knowledge /  

User-Functions & Use-Cases etc. 

Raw Data 
Pre-Processed 

Data 

Integrated Tool-Chains (1/2)  
e.g. at the German Aerospace Center 
 



2009 
2014 
2024 

2014 
2019 … 2029 
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Models & Knowledge 

Simulation → Synthetic Data 

Measurements → Real-World Data 

Models & Knowledge  

Simulation → Synthetic Data 

Measurements → Real-World Data 

Reposities etc. 

Models & Knowledge  

Simulation → Synthetic Data 

Measurements → Real-World Data 

Models & Knowledge  

Simulation → Synthetic Data 

Ground-Truth 

Data 
Scenarios 

Measurements → Real-World Data 

Analysis / 

Interpretation / 

Modeling / 

Understanding 

                                        Formal Methods / Simulators / Digital Twins / Test Stands / Proving Grounds / Test Beds 

 Research & 

Development 

Platforms  
 

Raw Data 
Pre-Processed 

Data 

Operate 

Deploy 

Release 

Test 

Integrate 

Develop 

Plan / Refine 

Measure 

Integrated Tool-Chains (2/2) 

e.g. at the German Aerospace Center 
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Test Beds for Automated and Connected Driving & Intelligent Mobility 

• Test beds on highways, other relevant road types for inter-urban  

connections, and urban areas (in german) 

• Digitales Testfeld Autobahn (A9) 

• Berlin (SAFARI | Diginet-PS) 

• Braunschweig (AIM) 

• Dresden 

• Düsseldorf 

• Hamburg  

• Ingolstadt 

• Kassel 

• München 

• Testfeld Niedersachsen (mainly A2, A7, A39, A395) 

• Frankfurt (in particular, DRIVE-Testfeld) 

• Transnationally test bed Deutschland | Frankreich | Luxemburg 

Other implementations of test beds in Friedrichshafen, Merzig,  

Karlsruhe, and Aachen etc. 

 

n Aachen 

n München 

Berlin n 

Düsseldorf n 

Braunschweig n 

Ingolstadt n 

n Hamburg  

Deutschland                         

Luxemburg n IT Merzig 

Frankreich                     
Karlsruhen 

n Dresden 

Testfeld  

Niedersachsen 

n Kassel 

Digitales Testfeld  

  Autobahn 

AIM = Application-Platform Intelligent Mobility 

n Frankfurt 

n 

n Friedrichshafen  

2009 
2014 
2024 

2014 
2019 … 2029 
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Test Beds for Automated and Connected Driving & Intelligent Mobility 

– Use-Cases  

Exploration 

Feasibility | solution finding and synthesis | exploration 

Verification und Validation | interoperability 

Standardization | system migration 

Information | communication 

• Different categories – for example   

• Determination of requirements and refinement / understand the system 

• Design of functions 

• Development of functions 

• Demonstration of functions 

• Assessment  

• test  

• effect  

• acceptance 

• Reference implementations and pilots 

• Information (politics / society) 

2009 
2014 
2024 

2014 
2019 … 2029 
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2009 
2014 
2024 

2014 
2019 … 2029 Application-Platform Intelligent Mobility & Test Bed Lower Saxony 

Integrated Tool-Chains (1/3) 

Approximately 280 km of different types of roads will extend AIM – with a focus on highways. Technical 

components of the Test Bed Lower Saxony are based on established AIM-Components. The integrated use  

of AIM and Test Bed Lower Saxony will be possible. 

1 

2 

3 

 Camera-Based Detection – anonymized detection of  

traffic objects and their trajectories → ground truth 

 Communication – V2X via WiFi 802.11p and Cellular 

 Maps – highly accurate and up to date maps for  

vehicles and various simulation-purposes 

 Scenarios and Models – parametrizations and (sub-) 

models for the construction of (ecologically) valid 

simulations 

 Interfaces to Traffic Infrastructure and  

traffic-related Databases – e.g. connection to the  

traffic management 

 Backend-System – data management and delivery  

of online services 

 Cadastre – in particular, documentation of the  

test field status / quality 
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2009 
2014 
2024 

2014 
2019 … 2029 Application-Platform Intelligent Mobility & Test Bed Lower Saxony 

Integrated Tool-Chains (2/3) 



Prof. Dr. Frank Köster > Automated and Connected Vehicles DLR.de  •  Folie 27 
2009 
2014 
2024 

2014 
2019 … 2029 Application-Platform Intelligent Mobility & Test Bed Lower Saxony 

Integrated Tool-Chains (3/3) 

Proving Ground Simulation 
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Simulation-Based Tools (1/2) 

SET Level 4to5 – Simulationsbasiertes Entwickeln und Testen von Level 4 und 5 Systemen – Coordination BMW | DLR 

 Simulation will be an essential tool in the context of 

 determination of requirements and their refinement 

 development of functions and training/learning 

 adaption of functions  

 assessment and test 

 homologation 

 

 Heterogeneous user groups define a broad  

catalog of requirements for simulation-based tools 

 

OEM 

IT 

SME Science 

Tier-1 
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Simulation-Based Tools (2/2) 

SET Level 4to5 – Simulationsbasiertes Entwickeln und Testen von Level 4 und 5 Systemen – Coordination BMW | DLR 

 Expected results 

 platform for system exploration and testing as a service 

 handling of level 4 and 5 vehicles in urban traffic situations 

 generic services – open | flexible | adaptable | extensible 

 Adaptation and configuration with little effort | ease of use 

 Traceablity is guaranteed 

 homologation can be supported 

 Standardization of results is seen  

as essential → ASAM 

 openDRIVE (PEGASUS) 

 openSCENARIO (PEGSUS) 

 Building block of a project-ecosystem 

focusing on test | homologation 

Customer Functions & Use-Cases 

Artificial Intelligence & 
Machine Learning 

Connected Systems & 
Data Management 

Simulation / Test Beds /  
Proving Grounds / Field Tests 

Verification & Validation / 
Development Methods  

http://www.tuvpt.de/uploads/pics/Ko-HAF.png
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Overall Coordination of Lighthouse Projects | Standardization 
 

Organization of Data | Information (Schemas) 
formal languages | database schemas | open* … 

Instances  of Tools and Tool-Chains | Demonstrators 
vehicles, simulators, simulation platforms, test-infrastructures … 

Models 
Methods | valid models | model repository … 

Data | Information 
raw data , preprocessed and labelled data, databases … 

Architectures 
logical | functional | reference architectures for systems under test … 

Dissemination and Standardization 
methods, quality criteria, safety-argumentation … 

Taxonomy 
ontologies | standardized vocabulary and sufficient semantics … 

 
… 
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Thank You for Your Attention… 

 Prof. Dr. Frank Köster 
German Aerospace Center (DLR) 
Institute of Transportation Systems 
Lilienthalplatz 7 
38108 Brunswick 
Germany 
 

Frank.Koester@dlr.de 
 


