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German Aerospace Center — Transport

(High Level Goals)

— Green — environment-oriented traffic
management, alternative drive trains ...

— Smart — automated & connected
driving, intelligent traffic infrastructure,
intermodal transport chains, new
business models ...
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— User Friendly — human-centered
design, intuitive interaction, high level
of comfort, affordable products/services ...

A32
\ ) {

4

\
////// (ﬁ rersn = \\/ 4 : -
¢ TA

— Reliable — safe, secure, robust, highly @ 0 -
available ... TN
. !,*:,\1 S
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Automated and Connected Driving — Motivation ws

— 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

Mobili'y—!he easiest, fastest, surest kind possible—turns
ibl.

and amicabl,

your world of

into an

place. The fret is removed  from traffic and it is fun, not

frustrating, to take short jaunts
on a pad of air or to Sunday-drive
The Genera | Motors Corporation
presents a preview of the
the automobile industry.

experimental Firebird IIl.
the future, proven in road tests,

engine. Its simple control stick
Push the control forward
swing it left or right and
it brakes. The electronic
automatic highway
Although the Firebird Il
in the exhibit, you see other
is a model of the automatic
of experimental roadway
to demonstrate how electronics
quarter-mile stretch of road
by officials, who predict that
future can eliminate routine
distance highway travel
The General Motors exhibit
demonstrations and you may test
guns which activate parts
reveals the principles
objects are moved along
In the next century, more
places in fascinating

on vehicles which float along
down automatic highways.
exhibit in the Coliseum

fascinating changes coming in
You see now the full-size,
This pace-setter for the car of
is thrust with a turbine
accelerates, brakes and turns.
and the Firebird Il moves ahead;
the wheels turn; pull back and
n rush it over an

guide system ca
while the driver relaxes.
stands as the center aftraction
displays of the future. There
highway, prototype of a stretch
which was built in New Jersey
can steer cars and even stop them. This
has been received enthusiastically
electronic mechanisms in the
driving chores and make long
safer and easier.
includes solar energy
your skill with sun-powered
of the display. Yet another exhibit
of ground effect machinery, where
a flat surface on a cushion of air.
people will be going more
new vehicles . .. and theyll go safely.

that can be derived from these developments will also increase.
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Automated and Connected Driving — Motivation s

— 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 s

— 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 a»

— Reduction of critical events — raise safety The annual total mileage of vehicles

Number of Death in Road Traffic (1953 ... 2016): registered in Germany increased to more than 725
Tsd. billion kilometers in 2016.
25 Total mileage broken down by vehicle type in 2016:

20

15 /\,
10 \,./\

[l Lastkraftwagen (ber6Tonnen
[l Kraftrader

[0 omnibusse

A [] Personenkraftwagen [l sonstige Kraffahrzeuge
\/\__\ [ Lastirafwagen bis 3,5 Tonnen [[] Lastkraftwagen 3 5bis 6 Tonnen
i Land-forstwirtschaftliche
[ sattelzugmaschinen Zugmaschinen
0 [] Andere [ sonstige Zugmaschinen
1953 60 65 70 75 80 85 90 95 2000 05 10 16
2016 =32 Anzahl der im StraRenverkehr Getoteten — vgl. Statistisches Bundesamt (2017)

Jahrliche Gesamtfahrleistung — vgl. Kraftfahrtbundesamt (2017)

i DLR
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Automated and Connected Driving — current Status regarding Road Safety e
— Reduction of critical events — raise safety

— 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

Qualitat eines

Systems — z.B. Sicherheit und Zuverlassigkeit
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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 1-Shot-
scope of functions in all areas with comparable traffic situations Approach—
or conditions (for example Highway-Chauffeur = Highway- generally targeting
Chauffeur on all motorways in Europe full functionality for

or worldwide) selected areas (e.g.,
automated taxi =

automated taxi in
Los Angeles)
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Automated and Connected Driving —
from Technologies to Smart Systems

Abbildung: www.intelligente-welt.de

» Considering just technologies
isn’t sufficient

» [nter- 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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Automated and Connected Driving — from Technologies to Smart Systems

Artificial Intelligence & Machine Learning

mission level

strategic level

(navigation)

mbolic-methods--------ccocecceec..0 0 S8

tactical level

(maneuver / trajectory planning)

<«——— Spoylaw [eanAfeue

reactive level

(operation / control)
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Automated and Connected Driving — a wide Range of additional Topics

— Separation of hard- and software

— Reduction of the number of ECUs / OBUs — new generation of ECUs
— Conventional software components and Al-based functions
— Over-the-Air Software-Updates / Continuous Integration A i B HraiLy £l ) [y Earlies

— New basic functions in automated and connected vehicles Mobil .
obility Provider

— repositories (vehicles / background systems)
— service orientation — distributed functions Owner / Fleet Operator
— orchestration of services and dynamic re-orchestration
— physical / virtual redundancy in hard- and software

Purpose-/Business-Oriented Cabin

— execution environments (especially monitoring / diagnosis) Purpose-/Business-Oriented Funct. & Interf. "

— Secure netWOrkS and BIOCk Chain teChnOIOgy Specialized Driving/Cooperation Funct. & Interf. %

- - m

— Use of state-of-the-art programming paradigms and Generic Cooperation Functions g
model-based software or system development Generic Driving Functions 3

. . . : Vehicle OS H

— Digital Twins — e.g. model- and simulation-based | — |
g

development and testing Advanced Chassis

i DLR
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The current Traffic System could also be Transformed ...
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Prototypes / Pilots
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Strategic Framework

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.

* Die
Bundesregierung

Strategy
for Automated and
Connected Driving

Remain a lead provider, become a lead market,
introduce regular operations

ETHICS COMMISSION

WWW.BMVI.DE

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

What level of
performance is
expected of ap
Jutomated vehicle?

How can
we verify that it
achieves the
desired
performance
consistently?

Systems — z.B. Sicherheit und Zuy

-
Zeit

PEGASUS = Projekt zur Etablierung von generell akzeptierten Gutekriterien, Werkzeugen und Methoden sowie Szenarien und Situationen zur Freigabe hochautomatisierter Fahrfunktionen
DLR 2T :
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PEGASUS

Methods for the Assessment of Highly Automated Driving Function

= What human capacity does the = Which tools, methods = How can complete-ness of = |s the concept sustainable?
application require? and processes are relevant test runs be ensured?
°p a N = How can the PEGASUS-
E:Automation? ' = \What do the criteria and Partners embed the results?
% N 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?

Human driver

less good good realy good
Driving skills

= What about technical
capacity?
= |s it sufficiently accepted?

= Which criteria and measures
can be deducted from it?

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

v

DLR
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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

Evidence

Argumentation

@ Assessment of Highly Automated Driving Function
Contribution to

Safety Test Evaluation Test Execution Test Case Derivation

Argumentation
v

\@ ® ® .
o —
7 ™ i — -F: = s
§ ,3, Risk o Evaluation 2 Test HAD-F: g Application of .
35E RS g a ?fr: : tion § Simulation 9 R Test Concept Space of Logical
& g. g assificatiol -l Broving Ground § incl. Variatio Test Cases
- g @ Real World Drive, Method T T
@
Requirementsdefintion Integration Preparation for
@ Pass Criteria Test Concept
. Process Guidelines +
i Requirements Analysis Metrics for HAD
Use Case, Knowledge: Assessment ®
Knowledge, S
Standards, Logical Scenarios
Data 2 Guidelines, ... . R +
> Systematic Identification of >
Scenarios Parameter Space
_ Daten: ©) @
= g > Test Drive Preprocessing / Data in Application of Metrics +
= Simulati . EEEE— L f :
g 8 E e Reconstruction PEGASUS Mapgmg to Logical
8 % FOT/NDS Format cenarios
Accident
. Data / Content : . :
Source of Information Evaluation & Conversion m
- Procedure
s \Workflow

o V1.4 Status
Data processing Database 21.09.2018

nd Situationen zur Freigabe hochautomatisierter Fahrfunktionen

3{& =, . v

@ eeeee= Process Instruction

PEGASUS = Projekt zur Etablierung von generell akzeptierten Gutekriterien, Werkzeugen und Methoden sowie Szenarien u

A 3

DLR
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2009
2014
2024

Integrated Tool-Chains u» €. =

NS
e.g. at the German Aerospace Center h‘ﬂ- TESTFELD

NIEDERSACHSEN

Fir automatisierte und vernetzte Mobilitat

N
( 4 N\ ( \
Data- &
7 Models & Knoyvledge ledge- Project-Specific Requirements / External Data and Knowledge /
Simulation — Synthetic Data Knowledge )
\ J Management User-Functions & Use-Cases etc.

N

Macroscopic
N

Measurements — Real-World Data

\ v

Y4

> 4
= ==

© Models & Knowledge \ )

a Simulation — Synthetic Data Acceptance Test

o \ J

e ( = 1\

(%]

% Measurements — Real-World Data Al | System
\___ = - Interpretation / Validation
b 2 | Modeling / W\

f ) Understanding

Models & Knowledge System

(&S]
2 L Simulation — Synthetic Data | Integration + Test
(8]
S [ R \\
'§ Measurements — Real-World Data ( Sub-System
K \ — J Research & Integration + Test
~ I'H—> Development \
f.e [ ) Platforms
2 Models & Knowledge am Component
o Simulation — Synthetic Data Testin
2 e ) 2 | :
9 4 N
z M ts — Real-World Dat #g“‘“‘”’ - il - |
= EEBUIEMEES = MRl D \ SRUNIEDERSACHSEN Formal Methods / Simulators / Digital Twins / Test Stands / Proving Grounds / Test Beds )
k(/) \ J
> 4
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AM

Integrated Tool-Chains e 9.

e.g. at the German Aerospace Center

mﬂ. TESTFELD
NIEDERSACHSEN

Fir automatisierte und vernetzte Mobilitat

(. ( ) \
o Models & Knowledge Data- &
5 Simulation — Synthetic Data Knowledge- | g
o\ J Management
8 4 e N
(8]
g Measurements — Real-World Data
S — / |
— X 1>
o Models & Knowledge
3 Simulation — Synthetic Data
(&) \ J
8 4 —— N
(%]
g Measurements — Real-World Data el
\_  \ - s Interpretation /
f ™~ I Modeling /
f ) Understanding
© Models & Knowledge
= Simulation — Synthetic Data ] (
(8] \ J
7 T
o 4 N
'§ Measurements — Real-World Data ( [ J L ] \
\_ \ — < Research &
( ~ H'|—> Development
o f ) Platforms
5 Models & Knowledge am
2 Simulation — Synthetic Data
2 Y ) (ol Lt
L [ R
z Measurements — Real-World Data e - L . :
= \ ERRe I IEOERSACHSEN Formal Methods / Simulators / Digital Twins / Test Stands / Proving Grounds / Test Beds j
\U) \ J
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Test Beds for Automated and Connected Driving & Intelligent Mobility

@2 TESTFELD
NIEDERSACHSEN
bi

uuuuuuuuuuuuuuuuuuu d vernetzte Mobilitat

» Test beds on highways, other relevant road types for inter-urban
connections, and urban areas (in german)

* Digitales Testfeld Autobahn (A9) B Hamburg
* Berlin (SAFARI | Diginet-PS) Testfeld

) Niedersachsen
* Braunschweig (AIM) Braunschw Berlin W
* Dresden

* Dusseldorf

Diisseldorf M M Kassel

« Hamburg i m i,
* Ingolstadt
« Kassel @ankfurt
« Mlnchen Dﬁzisecr:LaLn €2 Digitales Testfeld
- Testfeld Niedersachsen (mainly A2, A7, A39, A395) Erankreich : < Autobahn

. . m Istadt
e Frankfurt (in particular, DRIVE-Testfeld) KT
» Transnationally test bed Deutschland | Frankreich | Luxemburg B Munchen

Other implementations of test beds in Friedrichshafen, Merzig, M Friedrichshafen

Karlsruhe, and Aachen etc.

i DLR

AIM = Application-Platform Intelligent Mobility
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<FIIM§§3§
Test Beds for Automated and Connected Driving & Intelligent Mobility E‘? g o8

— Use-Cases W NIEDERSACHSEN

« Different categories — for example

Determination of requirements and refinement / understand the system

Design of functions
Development of functions
Demonstration of functions

Verification und Validation | interoperability

Standardization | system migration

* Information (politics / society)
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2009
2014
< 2024

Application-Platform Intelligent Mobility & Test Bed Lower Saxony .g
Integrated Tool-Chains @3 h‘n‘queEEf'\Tc'LEéEDN

Fir automatisierte und vernetzte Mobilitat

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.

ﬁ Camera-Based Detection — anonymized detection of
l >~ &= traffic objects and their trajectories — ground truth

y Communication — V2X via WiFi 802.11p and Cellul
7 — Adlpa ellular

A2 Maps — highly accurate and up to date maps for
@AY vehicles and various simulation-purposes

ﬁ Scenarios and Models — parametrizations and (sub-)
‘ models for the construction of (ecologically) valid

simulations

Interfaces to Traffic Infrastructure and
wmw traffic-related Databases — e.g. connection to the
traffic management

(ca. 85 km)

." Backend-System — data management and delivery
Loy of online services

Ecropiiacher Fonds e

(ca. 18 km)

Cadastre — in particular, documentation of the
— test field status / quality
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2014

Application-Platform Intelligent Mobility & Test Bed Lower Saxony

Integrated Tool-Chains (2/3)

h TESTFELD
NIEDERSACHSEN

Fir automatisierte und vernetzte Mobilitat

AR R
Legende

Referenzstrecke

Anwendungsplattform
. far intelligente Mobilitat
h AIM.

VA D Testeld Niedersachsen X

\ o

A e @@ Anschiuss TFNGs an AM

\ (geplant)

V70 @ Aauerexommunikations  Hggsh
X H infrastruktur mit Anbindung 4 '
] an Hintergrundsysteme. o

&

Y Projektspezifisch in Planung
SR L B
] Kommunikationsinfrastruktur s\
{ mit Anbindung an i
Hintergrundsysteme. &

M Hochausaestattete

o fsarviertel
- Jgnavvierte

Melverode -
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AM
Application-Platform Intelligent Mobility & Test Bed Lower Saxony 9., =

) 5 TESTFELD
Integrated Tool-Chains @r3) h‘n‘quERsAcHsEN

Fir automatisierte und vernetzte Mobilitat

Proving Ground System Under Test (SUT) Simulation

(] Swm: SUT® )
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Hievel

=

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

Simulation-Based Tools ux

— 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 © BOSCH

— assessment and test \ ‘T AS

) (©Ontinental ® = -

— homologation

__, .—dSPACE
— Heterogeneous user groups define a broad \.lﬂ\'m/
catalog of requirements for simulation-based tools ! "'" t“ L'!EQ

DLR \ / \

Z Fraunhofer —— | dl- 1o

/

5
FzI = / \

rrrrrrrrrrrrrrrrrrrrrrr
I < “llw'l'l'lAACHEN ot e
UNIVERSITY

nnnnnnnnnnnnn
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Hievel

=

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

Simulation-Based Tools 2

— 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
SN

— homologation can be supported SR — PEGASUS
f%f.
) ; ; D | t Method
_ Standardization of results is seen SYEOpmER HEOss % W
as essential - ASAM

— openDRIVE (PEGASUYS)
— 0openSCENARIO (PEGSUS)

— Building block of a project-ecosystem
focusing on test | homologation


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

PEGASUS
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Thank You for Your Attention...

Prof. Dr. Frank Koster

German Aerospace Center (DLR)
Institute of Transportation Systems
Lilienthalplatz 7

38108 Brunswick

Germany

Frank.Koester@dIr.de



