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About Us

‘, AVL is the world's largest independent company for
development, simulation and testing technology of
powertrains (hybrid, combustion engines, transmission,
electric drive, batteries and software) for passenger
cars, trucks and large engines.

The headquarter of AVL is in Graz, Austria.

EXPERIENCE 5 powertrain elements
>70 years !

RESEARCH 10%

of turnover in-house R&D

STAFF GLOBAL FOOTPRINT

11,000 employees 30 engineering locations

INNOVATION 1,500 65% engineers and +>220 testbeds

» Global customer support network

granted patents scientists
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Customer Challenges and AVL Business Areas

MASTERING SPEED & COMPLEXITY

AFFORDABLE AND LEGISLATION MOBILITY TRENDS
COMPLIANT VEHICLES

Combustion Engine Vehicle g W .
. L ETS\ Autonomous Driving (ADAS,AD)

Hybrid Electric Vehicle

Shared and Connected Mobility
Battery Electric Vehicle

] ] Green and Sustainable Technologies
Fuel Cell Electric Vehicle

Testing and Instrumentation | Advanced Simulation Technologies | Engineering Technology Provider

/\ é“‘

2h

A STRATEGIC GLOBAL PARTNER
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ECSEL Project Clusters are significant

for AVL's success

2009-2016

Syst. Eng.,
Interoperability
& Dependability

% CESAR s

€50/82M budget
55/68 partners
9/10 countries

Cost-Efficient Methods and Processes for Safety & Security Relevant Embedded Systems

2013 -2021
Industry 4.0

Participation in
6 ECSEL
projects

2015 — 20xx

Automated
Driving

B G &b > @ 5

ENABLE'S3
€68M budget
70 partners
14 countries

2015 -2021

Electrification

‘|HiPERF

€41M budget
31 partners
8 countries

High Efficient and Performant EV

4

Highly Automated & Connected Safe Vehicles

Development for Efficient Production

‘ AVL project coordinator

. Other ECSEL projects with AVL

. Other H2020 projects with AVL

Automated,
Connected,
Electrical
Vehicles

« High
Efficiency

e Zero
Emission

e Zero
Fatalities
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Industry Research Challenges

New technology fields
AUTOMATED

- New architectures & artificial intelligence CRViNG &
(GPU, edge, cloud RT) MOBILITY

- Radar / Lidar sensors, cameras & image
processing, aging, sensor simulation

- Human monitoring & transition scenarios

New validation methods

- New V&V types & perimeters (scenario &
context-based, V2X, OTA, cloud)

- V&V of adaptive embedded systems, Al
generated controls, cyber-security

New customer segment Aut@mated Dri‘\l| ng

- Link to shared & connected mobility

- Involve new players in collaborative
research (faster, more agile projects)

Confidential
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ENABLE-S3

Internat_lonal Project noo i s SEEEEE
Consortium
OFFIS -
c R e s TR ) {
68 Partners Ec e LEE e ’ HSestiel  TuALES
bn 1 T Q=
e IXI( Sfmre o ABYS m SouthisTpeon
70 M€ budget 5 rwr
gT__M % T[{'gg_h 6 RSAERS BTC
- .
16 Countries TU/e -ty = -y e
AT nabio Lt DENSO @ Rcaorec
6 Domains A AGNE
R : marermie
Gmae
12 Use Cases nas i o [
. § @w ﬁ
Industry & academia . S

St g4 Sefvaw

Confidential Juergen Holzinger | TG | 16 Februar 2020 | 8




How to avoid this? oy AT somre s
.....and achieve that?

https://www.thelocal.no/2017
711/norwegian-shipbuilder-to-
take-part-in-robot-vessel-
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Generic Test Architecture - it e o ENABLES 3

Test framework ) e.g. RD- SUT Requirements

instantiation/Variant - data base - KPI Catalog
Management

Scenario
generation

Test Data
Management

Scenario data base

fo=———————

Instantiation/finitialization

Test definition & control

Test case Testinitialization Post-
i i Measurement I
generation and automation HRREE

Management

Communication link Data stream

INFRASTRUCTURE COMMUNICATION = Gtatus info

Influences Obstacle & position or
Raw stream of data

ACPS CONTROL Commands

ENVIRONMENT SYSTEM

Internal
Action ensor:

I feedback
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Influences e.g. physical effects

Visual, acoustic, haptic, etc. Information
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Methodology of

ENABLE-S3
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e 2 e ENABLE'S3
HEALTH * RAIL = MARITIME AEROSPACE AUTOMOTIVE FARMING

Scenario-based V&V Process Management ]

monitoring &
controlling

Scenario-based V&V Process

1

Confidential

Function and Domain Requirement and Scenario ( Assessment and Virtual + Physical Testing of .
Scoping L Scenario Elicitation Filtering System Development || System Qualities (Safety, Security, etc.) Ess;?g;sgr(gou‘r’::w
Functional Crilicality ([ TestPlan + Design with KPIs and Coverage )
Definition Requi t: Analysis T
- - egulrer;:nn s — - = N Safety t ( Test Model Design and Qualification ]
Operational Domain Critical Scenarios T
G izati 7 T Filtering ( Test Split )
Real Wo;ld Data Scanqﬂq Class - ]
Early Identificati M\;mg Mining L Security ! L Ph::Sical Ph;sical
of Hazards 1 . . )
é RealWorld RealWorld Assessment Virtual XiL TestField  Context
Data Recording Data Aequisition : 1 T i 1
I i |/l e /|l e
('_ Ontology [ ‘Scenario J Usabilty Formal Testing |-~ - Modslbased Testing
Reconstruction ] ! Statistical Model
A~ H :
T T Assessment {7 Checking :
Recorded ScenarioClasses (| |\ ——————— Il Heaeremton!l || Tttt
Data Labeling Derivation
i i L System
1 T 1 Development
Scenario-based )} || A | | || ] ey
Safety & Security é Co-simulation
Analysis
T H T Test
Safety Security A 7 H Evaluation
(Perfect Sensing) (Targetad Attacks) J
Safety Process for I T ] H -
Requirements for ¥ -
ACPS i+ Safety & Security Goals :
............................. | Definition '

Legend

[} Initial State
®© Final State

! Possible approach
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Methodology results o +ﬁ,&
of ENABLE-S3

HEALTH RAIL MAR!TIME AEROSPACE AUTOMOTIVE FARMING

Scenario-based V&V methodology

Methodology takes a holistic approach from
the initial understanding of the operational
context until the final safety and security
argument.

Scenario-based V&V methodology is generic

Methodology subsumes best-practices
collected in 6 different application domains.

Scenario-based V&V provides basis for the
technical developments in the project

It also is the “glue” between other key
outcomes

Confidential
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The V&V-Patterns

Pattern Name
Test Plan Specification

Scenario-based V&V Process

Requirement and Scenario Elicitation

Abstract Scenario Mining
Abstract Scenario DB Design

Scenario Representativeness Checking

Scenario-based Safety & Security Analysis

Derive Safety Requirements for Autonomous
Driving

Formalized Verification and Analyis

KPI-Model based Validation

KPI-Catalogue Definition
Closed-Loop Testing
MilL (Model in the Loop)

SiL (Software in the Loop)

HiL (Hardware in the Loop)

Co-Simulation Based V&V

Semi-virtual Testing

Statistical Model-Checking based Validation

Recorded Data Labeling

Home About V&

Purpose
using a generic template based on 1SO/

Whole process from operational scenal
scenario design to verification

Combined elicitation of requirements &
Mining of abstract scenarios covering tl
Creation of a set of abstract scenarios ¢
Quantification how well a set of abstrac

Refinement of functional requirements
abstract scenario

Scenario- and fault-tree-based pattern

Verify that the design of a system or pr
is indeed dependable

Apply Design-of-Experience based beh:
needed to validate a SuT

Identification of (application specific) K¢
Validate the SUT (System under Test) in
Testing a model of the SUT in a simulat

Testing the SUT software in a simulatec
closed-loop setting

Testing the target SUT (hard- and softw
assessing its correct operation in a clos

Construction and execution of a co-sim
Estimation of the risk that a given SuT
Application of statistical model checkin,

Generation of Ground Truth Data relat:
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Key Result: Scenario Detection

Systematic overview

Exemplary Formalization of Test Scenario No. 11 based on a Lane Changing Model

of available (scenario) data sets T h i A By
Shared language & approach e 2 B B
for scenarios in safety validation B I G . —— {A ..... -
Scenario detection algorithms = y[,?;;tg_h:gg;tg) - y [m]
for activity or manoeuvre detection ching win npt Desin
Algorithms -
for critical case identification, test case |
generation and OpenDRIVE®/ OpenSCENARIO® o
generation
Tool integration

Confidential
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Key Results: Simulation Platform

Confidential

Integrated function simulation and
environment simulation.

Made real-time co-simulation happen.
Verification via distributed co-simulation.

Aligned methods between different domains.

Helped establishing standards for
simulation-based testing of highly
automated systems.

______________________________________________________________________________________

__________________________________

' Platform1 ! : Platform 2 b Platform3 !
| OpenSCENARIO ' ] Lo i

'

'

'

'

'

'

: \_\

| nvironment si
:

'

real time

Non-real time

Sensor Target Code  ACPS Target Code

ACPS Control Vehicle
Sensors/Models oo behaviour/

Bystens system dynamics
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Key Results: Sensors & Stimuli

Developed generic interface definitions for
the different sensor models.

Developed perception sensor simulation
for different types of sensor systems, e.qg.,
radar and lidar.

Developed approaches for perception sensor
stimulation, e.g., mixed reality lidar, radar
stimulator, for different types of sensors.

Developed solutions for communication
channel simulation, e.g., wireless
communication simulation, V2X channel
emulator.
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