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Impact of transformation on mobility ecosystem
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Redesign of urban cores to 

support smart mobility

Develop new smart mobility 

ecosystems

Rethink V2X infrastructure

development for large scale CV/AV/EV

adoption

Source: Toyota

An important driver of the digital transformation will be 

the implementation of new international standards 

and regulations for CV/AV/EV mobility solutions which 

are both vehicle and infrastructure based



Today‘s challenge
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The complexity explodes:

• Highly-interacting vehicle functions

• Connected, cooperative, automated vehicle functions

• Context awareness

• New security and functional safety demands

• Several Mio km road vehicle tests are required to guarantee safety and reliability (cf. H. Winner, 2012)

Current gap

 Development and validation methods, tools, and processes are not sufficient anymore

 Brute force validation approaches are too expensive

Keys to succeed

 Shift: Virtual development and validation

 Derive methods and tools: Type approval and certification (homologation)
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(Critical) traffic
situations

Function
tests

Real driving situations

Field tests and
driving trials

Real traffic
scenarios

Proving ground

Hardware-in-the-
Loop

Implementation

Functional, Safety, 
Security concept

Vehicle

+ V2X 

level

System 

level

Component

level

• New or adapted approved testing

scenarios and procedures

• Motivation for new or improved

vehicle functions

• Improvement of methods and

tools

Generalization
of new scenarios

Driving simulator
for concept
validation

Software-in-the-
Loop

Concept
evaluation

SOP

Module 

level

Database
Scenario approval

Data plausibility check

• Real-time modeling and

simulation

• Fault injection testing

• Methods and tools for seamless

testing of ADV functions

Closing the loop
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Stoc
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Projects and activities
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European projects and activities
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Many more…



Lighthouse Mobility.E and LIASE
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Cornerstone project: AutoDrive

Lighthouse Mobility.E

• Bundling activities and projects in the field of future mobility

• Creating an ECS-driven implementation roadmap (ECA2030)

COSMOS (CSA)

• Lead: Gereon Meyer, VDI/VDE

• 24 months

• Start: November 2018

• VDI/VDE, AVL, Infineon, Virtual Vehicle, Vedecom, Valeo, STMicro, NXP

LIASE (Lighthouse Advisory Service)

• Lead: Anton Chichkov (ECSEL)

• Committee: EC, EUCAR, EARPA, ERTRAC, EGVI, Valeo, Infineon, KIT, Virtual Vehicle

[https://www.ecsel.eu/mobilitye]



Identified research topics (LIASE)
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• Intelligence on board

• Sensors and sensor fusion

• De-carbonization

• Connectivity and Connected node driving

• Safety and security validation 

• Infrastructure and services for smart personal mobility and 

logistics
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The role of testbeds for innovation and certification
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Source: American Center for Mobility Source: Suntrax Source: NICE CITY

• Cyber-physical testbeds are needed to validate smart mobility PoC projects, to test 

the interaction of mobility ecosystem components and to determine the operational 

risk level 

• They are also required to be used for certification of vehicle and infrastructure 

system components



Safety and reliability
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Straight forward approach  FIT rate
• “Good enough means rare enough, i.e. FP rate <10-n / h” 

• If somehow an adequate n can be argued then demonstrate adequate safety (“validate system”) 

by testing/driving representatively in the order of 10n hours. 

SAE Level 2: 400.000 up to 1.000.000 km (for FP)

SAE Level 4: FN and FP!

Different FIT rates for different layers: 
• Sense (10-4 / h) – plan (10-6 / h) – (act 10-8 / h)

• Vehicle level: 10-8 / h to 10-9 / h

Challenge 
• For n > 5 this becomes effectively infeasible

• Hazard Probability is the sum of HW failures (ISO26262) and sensor errors (SOTIF) probabilities 



Operational risk validation
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What is the process to validate the operational risk of a multi-modal mobility service model?

Understanding the operational risk of each mobility 

service standalone as well as in its interaction with 

other mobility ecosystem stakeholders

Fully simulated environment Combination of virtual simulation 

and real vehicle testing
Real world testing



Proving grounds (e.g. ALP.Lab)
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Austrian Level 3+ Proving Ground
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Core Partner

Shareholder



ALP.Lab
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ALP.Lab

D. Watzenig 20A3PS, Vienna, November 2018 

Model/Software/Hardware in the Loop
Bring in scenarios from road tests into virtual environment to test SW and HW 

functions

Driving Simulator
Test the Human-Machine Interface (HMI) for ADAS/AD specific situations, e.g. hand-

over from vehicle to driver

Vehicle in the Loop (Driving CubeTM)
Automated system evaluation of a complete vehicle in a reproducible environment on a 

test bed

Proving Ground Tests
Individual desired scenarios and manoeuvres,

e.g. EuroNCAP Tests

Public Road Tests
Test in regional specific real-world scenarios

Data and Cloud Services
Data processing and management

Analysing and reporting

Simulation environment



ALP.Lab – Ground truth (UHD maps)
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UHD Exports
‒ Road5
‒ OpenDrive
‒ Road2Simulation
‒ Cloud Service

Leica Pegasus 2 Ultimate Dual Head



Capturing the environment
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Adding information
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Dynamic simulation
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Driving simulator

D. Watzenig 25A3PS, Vienna, November 2018 



Proving ground
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Public roads (L4 vehicle, 2018)
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[ZF, Virtual Vehicle, 2018]
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Enhancement of view
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Austrian test region ALP.Lab





Public road: Highway A2 Austria 
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Road infrastructure: 

Length: 23 km

Lanes: 3 + 3

Intersections: 2

Exits: 2

Physical & digital infrastructure: 

Cameras: 22

Radar sensors: 3 (coverage 1,6 km)

Traffic detection: 8 Gantries 

Variable message signs: 12

C-ITS G5 service 



ALP.Lab
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Who are the stakeholders?
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• Automotive OEM’s, suppliers, mobility service providers

• Urban planning and transportation infrastructure builders

• Simulation tool providers

• Test and certification companies

• Standards development organizations and regulators

• ICT companies

• Start-Up’s 
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What is needed?
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• Global overview about testbed capabilities to validate CV/AV/EV technologies

• Access to test scenarios (virtual and physical)

• Access to test data

• Classification of proven test methods

• Independent validation of innovations

• Clarification how to get to certified components, systems, processes in a MaaS

context (safety and security)

Which information is needed by the user community of smart mobility testbeds?



Int. Smart Mobility Testbed Alliance (ISMTA)
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Goals:

• Interconnection of leading international test beds for 

testing of smart mobility services (specific focus on highly 

automated driving) 

• Establishment of an globally acting orchestrator 

for state-of-the-art testing and validation methods

in mobility as a service ecosystem (highly automated, 

connected, shared mobility)

• Utilization of (vehicle) testing and validation data 

(pooling and aggregation of data)

 Contact: Dr. Joachim Taiber

Founding entities:

Invited testbeds to join:



Mission of ISMTA
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To create a global community of users, designers, and operators of 

mobility-as-a-service cyber-physical testbeds that contributes to the quality standard 

development how automated transportation solutions are being validated and 

certified to minimize operational risk in real world deployment.

Develop a unique international portfolio of smart mobility testbeds that meet the 

highest quality standards and are being constantly updated 

according to shared best practices and research outcomes to accelerate the 

adoption of automated mobility services.  

Generate test data sets that can be utilized across the network of certified 

mobility-as-a-service testbeds in a plug-and-play manner.



Content

D. Watzenig A3PS, Vienna, November 2018 

Motivation

Austrian Activities

Proving grounds

ISMTA

SAE & IEEE

38



New SAE Journal
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• SAE Int. Journal on Connected and Automated Vehicles

• Launched in 2018

• Editors-in-Chief: Daniel Watzenig and Terry Fruehling

• 4 issues per year, continuous call for papers

• Special issue on “Safety and Reliability” (deadline: March 2019)



2019 IEEE ICCVE
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• Int. Conf. on Connected, Automated Vehicles & Expo

• Vehicle technology meets ITS

• November 4-8, 2019

• Location: Graz, Austria

• General Chair: Daniel Watzenig

• Program Chairs:

• Reinhard Pfliegl, Horst Bischof, Anton Fuchs, Antonella Ferrara, Aldo Sorniotti

• Current patrons: BMVIT, AVL, Infineon, Nvidia, Roborace

• Keynotes: 

• S. Shladover (UCB), P. Koopman (CMU), T. Kuehbeck (BMW), M. Kochenderfer (Stanford)

• Special Session Proposals by Feb 15, Full Papers by May 5, 2019

https://www.iccve2019.com/

https://www.iccve2019.com/
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