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Test of Automated and Connected Vehicles — essential Research Areas

Simulation as an important Tool for the Development
of Automated and Connected Vehicles

Prof. Dr. Frank Koster
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— reduce the occurrence of critical situations

— optimize the handling of planned and unplanned incidences
— relieve the pressure on drivers and the environment
— generate added value and stimulates innovative business models

— As the market penetration, the degree of automation, and the level of interconnection will rise, the benefits
that can be derived from these developments will also increase.

(cf. Strategy for Automated and Connected Driving of the Federal Ministry of Transport and Digital Infrastructure (BMVI))
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Automated and Connected Vehicles

— Beside the action areas

— Infrastructure

— Interconnectivity )
— Cyber Security and Data Protection
— Legislation

the action area Innovation is currently of high interest in Germany

— Within the action area Innovation

— methodologies and tools/toolchains for verification and validation
— infrastructures / test fields for development and test

of automated and connected vehicles are major topics

— Other topics are automated and connected vehicle functions / human-machine interaction / the social
dimension of automated and connected traffic-systems, and intelligent traffic-infrastructures etc.

(cf. Strategy for Automated and Connected Driving of the Federal Ministry of Transport and Digital Infrastructure (BMVI))
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Application-Platform Intelligent Mobility (AIM) aus

AIM
(2009 ... 2014 ...)

Large-scale research infrastructure in the area of Brunswick (Germany): An entire city serves as a platform
for application-oriented research and development-activities in the field of intelligent mobility

— AIM consists of

[ urban area
[ sourroundings

expressway

— databases, models, simulation toolboxes and simulators
— dedicated test tracks

— real urban areas within the city of Brunswick

— selected surrounding areas around the city of Brunswick

langfristige Partnerschaft:
— Besides observation it is possible to influence selected #7
large-scale aspects (e.qg. traffic flows) and microscopic
aSpECtS Of traﬂIC/mOblllty (e.g. Vla traﬁlc I|ghtS and ;\I|e3:rsac:s§cgezM|msLe3umk .
assistance and automation systems).

highway
......... rai|way

K Niederséchsisches Ministerium
gy fiir Wissenschaft und Kultur

— The different building blocks of AIM are represented by a set services / service-clusters.
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Application-Platform Intelligent Mobility (AIM) eus)

Services / Service-clusters provided by AIM
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[ sourroundings
—— expressway
highway
......... railway

langfristige Partnerschaft:

Niedersachsisches Ministerium
fur Wirtschaft, Arbeit und Verkehr

K Niederséchsisches Ministerium
) flr Wissenschaft und Kultur

— Test tracks
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Application-Platform Intelligent Mobility (AIM) @)

Methodological Framework

Knowledge Managmt. Design

Domain knowledge i
Standards i Driver / User Transportation

; Modalities;
Models : Assistance and
Requirements | Automation Systems;
Architecture
Data / Meta-Data
Design
Process
Information and
Environment / Communication
Traffic Infrastructure Infrastructure
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Application-Platform Intelligent Mobility (AIM) wus)

Methodological Framework

Empirical Research Knowledge Managmt. Design
Trends in politics / Domain knowledge ‘

pp{‘illll’ﬂmpan AULOITIAUOI SYSLEITIS,

Accident analysis o Ny . Architecture
Simulator/DrIdwemmcatPSﬁ and Assessment of Opportunities
Technoloaies Driilagcnc
Developing Services
INFE

Testing Services / Assessment of Acceptance
Long-Time Evaluation of Services

Recommendations

Prototypes (Services / Applications)
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AM

Application-Platform Intelligent Mobility (AIM) eus)

Databases / Maps / Models — Simulation / Simulators (excerpt)
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AM

Application-Platform Intelligent Mobility (AIM) ens)

Databases / Maps / Models — Simulation / Simulators (excerpt)
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Application-Platform Intelligent Mobility (AIM) g

Laboratories / Test Beds / Driving Simulators (excerpt)
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AM

Application-Platform Intelligent Mobility (AIM) @)

Laboratories / Test Beds / Driving Simulators (excerpt)
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AM

Application-Platform Intelligent Mobility (AIM) e

Infrastructure / Proving Grounds / Living Labs — for Development and Test (excerpt)
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Application-Platform Intelligent Mobility (AIM) aons

Infrastructure / Proving Grounds / Living Labs — for Development and Test (excerpt)

UKF trajectories (1567 trajectories)
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Application-Platform Intelligent Mobility (AIM) aus

Infrastructure / Proving Grounds / Living Labs — for Development and Test (excerpt)
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AM

Application-Platform Intelligent Mobility (AIM) azns

Vehicles (excerpt)
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Application-Platform Intelligent Mobility (AIM) usus

Vehicles (excerpt)
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2009
AM
2024

Application-Platform Intelligent Mobility (AIM) qaus

Data-Platforms / Backend-Systems for Data and Services (excerpt)

Mobility Portal Bestandsdienste / IKT Services / Applications B2B

for Customers Legacy-Services Service A ServiceB ... Service ... Service ... Gateway
L Portlet - Service a..z J W | [

Portlet - Reservation xﬂu = i S g S
of Charging Infrastr. = g > % E .% o gﬁ : . E . %
-8 oF = % ‘@) % 'g c Q Q8 e IS IS
g 83 o =) =]
==1 =] = e8| ¢ | 83| Eg
i i £ 8§  8Ef &¢&
Service Provider 25 S ] o S
2 4 E £

Portlet - Product | g | o | ™ Ay - - oy -
Management \/ \/

i

Special
Devices & Vehicle
Gateway

DLR




DLR.de < Folie 19 Prof. Dr. Frank Kdster > Development and Test > 11/2017

‘ 2014

. h‘ﬂ. TESTFELD
Test Field Lower Saxony a» b iddead

Approximately 280 km of different types of roads will extend AIM — with a focus on highways. Technical
components of the Test Field Lower Saxony are based on established AIM-Components. The integrated use of
AIM and Test Field Lower Saxony will be possible.

b i i > W | e — Camera-based Detection — anonymized detection of
-l ) R - traffic objects and their trajectories — ground truth

Lk
i —
Wolfsburg

Modul 2 +

— Communication — Car2X via WiFi 802.11p and Mobile
(ca 53 km)

“Modul 4 — Maps — highly accurate and up to date maps for

J-....._‘B

s ”‘\ e:ir-—w " lca.16 km) / vehicles and various simulation-purposes
"-—u-;I—-—‘ - 6 Y P k-
% .. — Scenarios and Models — parametrizations and (sub-)
' _ Zg > models for the construction of (ecologically) valid
I T s CI0% simulations
~Moau .
AM Lol %' — Interfaces to Traffic Infrastructure and
S Y ok 6u8k : traffic-related Databases — e.g. connection to the
[ e (O] (o m) Y traffic management
i Jff’_ / . | - Backend-System — data management and delivery
. W N R i of online services
: Modul 3 K ‘ e T e — Cadastre — in particular, documentation of the
* test field status / quality

 fca. 85 km)

Stadt Granau

Module 7: Proving ground (with urban appearance) on non-publlc area.
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Test Field Lower Saxony c»

Core Partner
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Fir automatisierte und vernetzte Mobilitat

Extended Network of Partners (excerpt)

- -Systems- (@& BOSCH
hannover @ metropolregionO K —
Hannover - Braunschweig - Géttingen - Wolfsbur \¥ wolfsbu rg AG

>
. CARL
E]EE T TOPsSchungs e ossiersdY
FAHRZEUGTECHNIK universitdt|OLDENBURG

flughafen

Ein Zentrum der TU Braunschweig

@BE LULIS stadt % Braunschweig %ﬁ Braunschweig

Zukunft in Bewegung Zukunft

I — —
=5= \WwWaBCO [g%

INSTITUT FLUR INFORMATIK

ORACLE % WBraunschweig o-.mwens,ad.
[ X Instiiute for Cusllty, Safety and Transportation
LINEAS [CHICST D>

... und weitere Partner

Karte: © OpenStreetMap-Mitwirkende
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PEGASUS

PEGASUS (www.pegasus-projekt.info)

(2016 — 2019/ funded by the Federal Ministry for Economic Affairs and Energy (BMWi) / 17 partners from research and industry)

— PEAGSUS addresses methods, criteria, quality metrics and levels as well as generally accepted
and reliable procedures to test and assess automated driving functions — focusing on level 3

functions and highways

— Main goals of the project are
— definition of standardized and reliable procedures for the test of automated vehicle functions
based on a variety of tools

— data management, processing and analysis
— simulation / simulators

— test stands and proving grounds

— test fields / real environments

— integration of test / assessment in development processes at early stages
— development of a continuous and flexible tool chain to safeguard automated driving

— PEAGSUS will deliver results which can be directly picked up by automotive industry!

i DLR
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Next Steps ...

— Because of the focus on level 3 functions and functions with relevance for highways PEGASUS
will also be an important starting point for a family of succession projects

— Selected topics with direct relevance for the field of simulation are (This is avery personal selection)

accurate and flexible virtual environments — e.g. highly flexible virtual proving grounds
integration of models / coupling of simulations — e.g. standardization

data-driven (sub-)model-synthesis
data-driven approaches for the identification of test-scenarios / -cases

performance-evaluation of different test methods within over-all toolchains to test and assess
automated and connected vehicles — e.g. regarding validity and application boundaries

efficient over-all toolchains based on a wide range of simulation-based tools and other
test approaches — e.g. test stands and proving grounds
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Thank you for your Attention!
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Contact ...

Prof. Dr. Frank Koster
Lilienthalplatz 7
38108 Braunschweig

Frank.Koester@dlr.de
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