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Programme at a glance

Day 1

* Opening of safeCAD-DJ
» Keynote contributions from large-scale R&D projects
* Welcome reception

Day 2

 Half-time presentations from VIVID, standardisation topics
» Keynotes and breakout sessions
* Networking dinner

Day 3

* Future research and funding perspectives



Keynote 1:

Virtual validation platform towards AD-safety
assurance — Japanese research activities at
JAMA, SAKURA & DIVP

Speaker:
Prof. Hideo Inoue, Kanagawa Institute of Technology, Japan

Conclusions

Safety Evaluation of Automated Driving Systems, JAMA
The safety of automated and connected driving cannot be ensured only by endurance tests with long-
distance driving but also a definition the scope of validation and the demonstration between virtual and
real test environments.

Scenario-Based Approach Jama| The  scenario-based  approach
—— describes a method for safety

et DTt @ o HEREE evaluation. The three scenario steps,

. | [ functional > logical > concrete,

Real world data

form a comprehensive structure for
\ ' safety coming from the physical
ey Comparison between... —) principles of automated driving

Competent and Careful Driver

and AD Colison avoidance systems targeting highways. In
Japan, industry, government, and
academia are collaborating on
strategic activities to realize safety
evaluation for automated driving.

oy
Evaluation = . = =

\N

YL IR

Driving Intelligence Validation Platform for Automated Driving Safety Assurance, DIVP

Highly consistent sensor modelling is a key enabler for virtual validation of AD/ADAS safety assurance.
DIVP started as a collaborative consortium between sensor manufacturers, software companies,
universities and other parties, by

The project architecture designed by DIVP® precisely duplicates Virtual from Real, and

Connecting and taklng advantage Of verifies consistency with real testing by 12 experts as DIVP® Consortium
the expertise of the twelve PIVP® project design
institutions. The project defines the H S ]
. . . Rear.ﬂnﬁ-‘c‘s” " Measurement & validation SO (ENMsasummenr&mndarrun
interface specifications for a safety Based imateniig E‘*m;”:::i;;’;‘;‘;;
assurance platform that combines an el - L | e
i ; . E e [ EEmmr | Tmmet | ‘
automated driving control model with "?iw 5 » vuseign
a set of models that include the . g e et pe—
driving  environment,  spatial R : ) IS
R B - s Proneer Vehicle
propagatlon, and sensors. il Perception Recognition Wotion control
[ e e |
- . I #F)ITBA® Nihon Unisys, Ltd
[ ? DivP




Keynote 2:

VV Methods — From assurance framework to
data flow — Results from the German safety

assurance project VV Methods

Speaker:
Roland Galbas, Robert Bosch GmbH, Germany

Conclusions

The PEGASUS project family, consisting of the PEGASUS, VV Methods (VVM), and SET LeveI research
projects, focuses on development and testing of methods and tools for AD systems on highways and in

urban environments.

Goals - more close Goal IV — Argumentation Yy e

» Explainable Compliance

i

@ Feasibility ullq- Efficiency
Goal | Systematic control of test space %tt
»  Understand relevant hazardous phenomena Y
»  Invalve traffic-law perspeciive
> ldentify & target behavior & ODD % Od Il Shift to simulation
Seamless use of virtual and real artefacts
»  Efficiant integration of simulation into the test-
infrastructure
Goal I Consistent interfaces
» Systematic breakdown of technical contracts,
requirements & tesis
»  Common interfaces for component exchangs
_9 CD Changeability
01-03.06.2022 | Safe CAD JP | Roland Galbas 5

The main goals of VVM are:
systematic control of test space,
industrial  interfaces, shift to
simulation, and argumentation. For
this, VVM has chosen an approach
which  follows a  systematic
argumentation of coverage.

The assurance framework of VVM
which  defines  synchronisation
interface between the
development/operation of assurance
argumentation, design, and V&V.

This assurance framework also

. Assurance Framework Y
corresponds to the data-driven "
. . P Defines synchronisation interf: Assurance Argumentation Development/Operation, Design and V&V.
engineering (DDE) process of the Al — —_— N
. Operational Concept / Design & Realization \ / Verification & Validation \ |
industry. e ' ‘ ‘

Top Goals (Complance.

Market, Safety, Securty, Reliabilty, ...}

Real world Layer

01-03.06.2022 | Safe CAD JP | Roland Galbas

|eAciddy § uopeuswnBly 8ouRINSSY




Keynote 3:

Open Loop Validation with Artificial Raw Data
Injection — a VIVALDI Status Report

Speaker:

Hasan Igbal, ADC Automotive Distance Control Systems, Germany

Conclusions

The current ecosystem of the Continental engineering development focuses more and more on virtual
validation of AD/ADAS sensor components. Simulation becomes a tool for EUNCAP 2025 assessment,

i.e., virtual testing >75%, vehicle test <25%.

Ideally Placed for Future Challenges
Al & Virtual Validation for the Era of Autonomous Mobility

The Vital Importance of Data Quality & Efficient Data Management Al Competence Center
Neural Network Development

Global Test Vehicle Fleet CEd;? )
Platform (AWS) Synthetic
> + Data
= [og——Y On Premises Generation
— — Supercomputer . Coredevelopment
Collecting around 100 terabytes of Al technologies
of data each day — equivalent to

> Roll-outto product

50,000 hours of movies development teams

Validation & Simulation

@ntinental$ OpunLooo Vo wOATCHRIONS g ComanalAG [ 2 sepemter 2022

Continental hat put a lot of effort into
the development of a radar ray
tracer. In an iterative process, smart
sampling aspects and realistic beam
patterns were investigated and
optimized. The validation using an
Euro-NCAP scenario  showed
promising results and could also be
guantified with suitable KPIs.

By initial benchmark tests of the ray tracing tool, synthetic aperture radar (SAR) applications were
generated virtually to examine the performance of the precise phase information of targets.

>

Virtual Validation in Context of AD / ADAS

> Radar is the key technology for assisted and automated driving:

validation
system architecture concepts.

Virtual validation will allow us to generate this training data

virtual
speeding up antenna design and

radar CNNs




Keynote 4:

The SET Level simulation toolchain and open
framework — Results from the German safety
assurance project SET Level

Speaker:
Arun Das, BMW, Germany

Conclusions
As a part of the PEGASUS project family, the SETLevel project (Simulation-based Engineering and
Testing of Automated Driving) focuses on the development, testing methods and tools for AD systems
on highways and in urban environments. The project consortium includes OEM / Tier-1 companies, IT
vendors and as well as research institutions.

SETLevel provides an environment
for simulation-based systems
exploration, understanding, as well
as verification & validation as a
service. It creates a platform with
highly generic compontents, i.e.,
open, flexible, and extendable.

The project works on a “Credible
Simulation Process” to develop and
release new simulation methods.
Following this structured process
hierarchy, the proof and
documentation of the quality for a

SET Level — Top Goals & Interdependencies sn.lewﬂ

Joining Forces of Many Diverse Partners

Methodologies, Foundations, Quality
Feasibility/Demanstration Measures, Architectures
SET Level addresses
simulation-based development
and testing of ies, Tools,
vehicle functions for urban Models, Demonstrators.
areas

Requirements,
Scenariosand Use-Cases

SETHLevel

Innovative aswellas
Future Proof Concepts
and Methodologies
Practical Experiences, Tools/ ; C:’“ie:’lsz
Uses & | : h
Experiences

Irr
Relevance for Industry Tools & Tool
Chains

IT-Vendors

decision based on a simulation result can be clearly evaluated.

As a generic open analysis and
testing architecture, the SETLevel
methodology defines a logical
structure for simulation toolchains,
builds a commong ground for tooling
solutions, allows a wide range of
engineering tasks, and, it enables a
modular composition of tools.

SET Level Pilot Implementations SETHLevel

Proving the Modular Approach of SET Level Based on Standards

2. Test of HAD Function 3. Sensor
Component

Testing

1. Traffic Simulation
for criticality analysis




Mid-term event VIVID

Selected VIVID results: German R&D project

Modelling the scattering centres of traffic participants based on RCS measurements in a virtual
validation tool chain

Modeling the Scattering Points (SPs) of VRUs )

< High-resolution RCS Measurement

Backscattering behaviour of

vulnerable road users

2 High-resolution monostatic RCS
measurements

< Doppler measurements of
human motion

< Implementing the extracted radar
models in scenario simulation

o environment

O Summary of the extracted models™

170 043m 02T

Actusl dmensicae

VRU measurement

» Relevant scattering points are identified
» Goodagreementwith physical size

Warahrens. M. Paul,J. Siska, N. Pohland . Zwick. of Vuinerabi
inIEEE Transactions on Microwave Theory and Techniques, doi: 10.1108/TMTT 2021 3131156,

s SKIT 'x‘?fn"r?“?#’g’b # glicfeld @ntinentals [ gIPG @Memedes'Benz
DLR

0 0 M0 30
Avimuthal rotation angle- b (%)

TECHNISCHE UNIVERSTAT
WMENAU

Installed performance testing of automotive radar in virtual environment

< Over-the-air/ vehicle-in-the-loop
implementation — virtual drive
test in reality

S Scenario-based radar testing:
Model - Stimulus > Sensor

S RCS maps to virtual
environment

2 Comparison between real and
virtual test drives

Scenario-based virtual-drive testing

[ oTAnviL simulator | [ Model (AL1) |

[rv o ¢ 8] mogel (1)

Radar target
simulator

Stimulus(AL2)

2 v o9 8lamus )

r

adar ] I Sensor AL3 I
[rv 0 ¢ 6] sensor (t)

« lllustration and flow diagram of the measurement process
« Data analysis at different data abstraction levels (AL1...AL3)

(| e O # glickfeld @niinentals  g1PG (L) Mercedesenz
DLR

Virtual testing of automotive camera and lidar

2 Lidar sensor validation in the
Architecture of VIVALDI LIDAR Sensor Model CPLA Scenario

. 2 Tool chain for lidar FMU model

Co-simulation

Driving Simulation Platform

|, Legend
osi3: LidarSensorview A -v

i(,< __ ’f R validation using co-simulation
Sl e e e S approach
MY vaies |/ - - © Comparison between real and
. SBIEE | . .
spstolipt m;;l?cwf " PointCloud Data Obfoct Racagaiion : simulated lidar data
el T Fr—— | O < Lidar sensor model performance
it | | o, || G G et highly depends on environmental
modelling

) ey, | i
T & cainetome o ®1EEE voilvoeir %P DIVP Yf




Mid-term event VIVID

elected VIVID results: Japanese R&D project

DIVP overview

> DIVP scope:

Measuring based modeling framework, DIVP® has developed Assessment scenario

- PGH 5 3 s s 2 ca? .

packages as Virtual-PG™ & sensing weakness scenario packages in Odaiba as Virtual-CG o SenSIng WeakneSS data

Measuring based Modeling framework o P|atform implementation
Measurement based approach Virtual space enhancement roadmap

o Study reasonable
ST e semiconductor specification
System raffic . .
Iden)t/iﬁcation 1 i i .&T = 3 DIVP ObJECtIVES
Glo kil ‘Modeling. i sensing N |1 e o Open standard interface
- : o Reference platform with
reasonable verification
o Environmental and sensor

model-based approach

scenario

R P @ oive
3 MOde"mg Of the reCOgnition DIVP® Space design model owns “Geometry-data” & “Reflective and Spatial propagation
environment outside the vehicle properties” enable AD-safety validation with Highly consistent sensor models
as an OUt-Car model DIVP®'s Space design model ‘;:G e ; Layersghevgcew%%%%?:ﬂ“’e
o Conventional model-based {} il g3
. . \
development is characterized - Sen
i i A ,_,_'_ jacet “ a £ m— | jmplementation
by models inside the vehicle as ya 1; m (T | ;
an in-car model ]“"“' = g S .
& Space design model generatc_)r rji i . B Qﬁ md; AD (Egovenicie)
creates and manages scenarios ' )57 ' ((Cﬂme,a Radar LIDAR
for DIVP simulators by placing r g i%hﬁ m@"
VEh|C|ES and tal’getS |n Vll'tua| i (Geaprf;iiﬁ:ﬁ;:&ﬁ%:éfpmaf Elesﬁﬁ‘p:;:‘asflf;::r:;vsl;mn;smégzil
space environments e 5 09 e e v e L oive

DIVP service

S V-Drive Technologies:
Vehicle/(Autonomous) Drive,
Virtual — Validation — Verification

Various types of weather | ‘ .
Conditions and trafhe. conditions Highly faithful simulation mimicking physical behaviors 3 Roadmap

Scenarios Environmental model S mnde' ADW”,WI
G - Fundamental research

- Commercialization
W] - Standardization
Simulink version W g | © Business model: ecosystem
Soe R based on automation tools,
— L sensor and environmental
2 S onscon ot omee A s o e 2 caion e e o S| models, measured data

MITSUBISHI
PRECISION CO,LTO.

10



Mid-term event VIVID

driving systems

Global standardization and harmonization

Standardized technical specifications of ASAM as endorser for deployment of automated

Test description

Tast spacification description

Simulated Emironment

00D description
= ASAM OpenODD
¥ asamos

Scenario Description
Logging  Labels for sensc
Dynamic Content
SAM

= ASAM OpenSCENARIO

Scenana pass/ail ciitenia
= ASAM OpenSCENARIO

or data
= ASAM OpenL ABEL

The motivation for the study group: Scenario-Based Testing with OpenX

Validate

Run ®

Postprocess
Labsling
= ASAM OpenLABEL

Retrievef
Scanario metadsta, labsls & keywords

= ASAM Openl ABEL

Domain = On-Road Driing
= ASAM OpenXOntology

‘ormal ontological representation of the d

omain

£ ASAM

S ASAM OpenX test specification
study groups about analysis and
harmonization of automotive
testing techniques and standards

2 Main outputs:

o Blueprint to meet challenges
of testing

o Holistic best practice

o Possible basis for
homologation of automated
driving functions and
software-defined vehicles

< Recommendations for a new standard at ASAM
o Multiple test methods require a flexible approach to the interaction between scenarios and

testing

o Standardized interface between test cases, scenarios, and ODD definition
o Test data management as basis for release and homologation

o Proposals for global alignment

Advancing on the development of sustainable and standardized ecosystems for autonomous

driving safety assurance in Japan

S AD safety cannot be ensured

Our approach to overcome the challenges

with long-distance endurance

driving tests alone

o Challenge 1: Safety
validation scope

o Challenge 2: Virtual platform
consistent with reality

2 Leading role of Germany and

Japan on safety standardization

o 1SO 34502 truly collaborative
leading effort - expected
final release in Oct. 2022

“Non-deterministic” scope
due to traffic causal complexity

“Deterministic” scope through
identification of root causes

rm Scenario structure -

|PerceplinnH Decision H Control

£y -
~ Al
-
. . {:; L]
Solution2 Virtual platform [&A N
Camera  Radar  LIDAR
TS -

« Structured scenarios to address root causes affecting the three subtasks of the DDT

+ Qualified virtual platform including simulation of sensor weaknesses

de SRk 99 DIVP

b/

o Pro-active in other safety
related activities (e.g., SOTIF)

11



Keynote 5:

Virtual validation for ADAS and AD systems

Speaker:
Dr. Tobias Duser, AVL, Germany

Conclusions

With the introduction of automated driving functions, the market is now facing new challenges in the
further development: Validation of AD systems and later, credibility of validation methods.

The functionality of autonomous vehicles might need to be limited to fit the constraints of feasible

Main Challenges in Validation of Automated Driving

What to test? How to test

= Critical scenarios = Robustness validation

= Specific traffic rules = Cover a high number of

= Regional specific corner cases and critical
environmental
conditions

= “Understanding human
behavior is the key
problem in building a
capable and safe self-
driving car.” (Dmitri
Dolgov, CTO Waymo)

= Etc.

&
=) »
- ?

scenarios

= Deal with vehicle
variants and scenario
variants

= Use virtual testing
methods like X-in-the-
Loop approaches

validation techniques. Removing
those constraints  will  require
advances in areas such as

characterizing the
machine learning training data
compared to the expected
operational environment, gaining
confidence in safety requirements
regarding exceptional driving
conditions, and being able to validate

coverage of

the independence of failures
irredundant inductive-based
systems.

The main challenges in validation of

automated driving can be described by two comparison questions: “What to test?” <-> “How to test?”.
The trade-off between the validation effort and the effort for determining credibility including their

correlation has to be handled.

S The virtual testing in AD/ADAS
means setting up a Vvirtual
vehicle with different —
components out of different
domains in different tools.

o Defined model fidelity levels
(also for Sensor and
environmental models) will help
to setup the virtual testing
toolchain and to assess it.

Challenges in Validating Automated Driving
Validation Effort vs. Effort for Determining Credibility

Relevant/Important Scenarios

Effort for Determining
Credibility

Correlation Abstraction

Virtual World

rtual Testing Solutions | 02 Juni 2022

12



Keynote 6:
Environmental modelling — a foundation for
sensor simulation

Speaker:
Yannik Cichy, IPG Automotive, Germany

Conclusions

In the VIVID project, IPG Automotive leads the work packages about the implementation of simple and
complex scenarios used for the virtual validation of the sensor models. For the better feasibility, the
scenarios are decomposed into different layers, which are based on the six-layer-model of the PEGASUS
project family.

Process for the validation of sensor models Based on measurements with a test
e e vehicle equipped with several

e sensors, recorded DGPS trajectory
= data and object lists from the sensors

Test vehicle

are used for the scenario generation
o o=, — [ — e and data analysis. The co-simulation
il B between the environmental model
and the sensor model is based on

open standards. The comparison of
the measured sensor data with the
simulated data by specific metrics

oo Sotimons rom R Tes o completes the validation chain.

= Camera o = Road Lidar RSlray = Link B

— tracing
= DGPS — =—p = Tigjeciories — Dete

Hochschule
Kempten

University of Applied Sciences

easured point clouds

Physical Sensor Simulation
A Raw Signal Interface for every sensor technology

ULTRASONIC

PG SOLUTIONS FOR VIRTUAL TEST DRIVING

13



m event VIVID

VIVID joint topical task teams

Overview

< Common goals:
o Exchangeability
o Interoperability

VIVALDI / DIVP® assigned specialists for "Gemba-based" engineering discussion

VIVID JTTT leaders

e WIVALDI .
£ Maini Hein o Data-driven safety assurance
1 Comparinonof skmalaton ool chains @ meanst wetsruNokorwrs | [ | Ded ko < Commonalities
2 Env-r?::"mtnlr:i:a“m aterials Azwnrrarnmen Arsushi Arakl KT Mario Paull
o S e e e T s o HD map and sensor raw data
Reference data, test methods and metrics son Toshinobu Suglyama ... Schneider

v Toas Wemma | v opama | B2 |7 o Material and object data

Reference data and model metrics Poarmnm Masam| Suzuki

e B ' bases

3.3 validation, performance simulation, reference e Hasan Igbal
data & sonew Mine Seki E ) t I d

34 ;::s::i':ﬁ:‘:';‘:m:‘l metrice o Shotaro Koyama Matthias Heln o nVIror.]men al and sensor
S o structul

2 |Svay ooy, snacrapech @sus ST I modelling
‘weaknesses 3 C I t t

o Smston o s U R P B omplementarities

£ coome 5oy *15= voivoeir Q@ DIVP YT o Sensor types and raw data
o Test methods

During the mid-term event of VIVID, the JT structure was reconsolidated as below.

B VD junsapicel bk Saarra LITTT) - An cemrview

JT1 | Tool chain

JT2 Scenario structuring & environmental data
JT3.1 | Propagation and sensor modelling - Camera
JT3.2 | Propagation and sensor modelling - Lidar
JT3.3 | Propagation and sensor modelling - Radar
JT4 | V&V test and simulation framework

Breakout session 1 — Scenarios

DIVP® would like to propose formulating “VIVID material” as a joint material format for
sensor validation contributes to AD-Safety assurance

Objectives/ Findings and Next Steps (JTTT2)

W Develop a format for asset exchange to validate the effectiveness of the system for various assets.

= |nvestigate measurement methods for map data and material properties data.

iscuss material properties and formats and make proposals for standardization.

lodel material properties of VRUs based on RCS and Doppler measurements.

® Model the material properties in raytracing simulations based on the scattering measurement

Commonalities Complementarities

®  The importance of Material properties modeling in
precise wave propagation simulation of the traffic
scenarios.

Objectives/
Purpose

Compare the difference between the material
properties used in VIVALDI and DIVP®

questions

" . ® Compare the utlized material measurement
®  The content of the actual version of OpenMaterial N :
Key should be updated . technigques in VIVALDI and DIVP®

Findings

® Additional information which should be included in
OpenMaterial data format

® There are issues such as difficulty in setting
parameters from the sensor's point of view.

™ Inclusive activity on materials for each sensor

questions

m DIVP® would like to propose formulating “VIVID material” as a joint material format for sensor validation contributes to AD-
Next steps Salety assurance.
= DIVP® & VIVALDI would like to map data and material properties after NDA contract.

£ Gibinetottice &Kor ® " vDI|VDE|IT ‘.‘DIVP \(l‘

3 VIVALD!Mameme Evert - Wrap up Session - JTTTZ

Integration of both critical scenarios and sensing weakness scenarios is necessary, but how
should this be accomplished? And to what extent should they be integrated?

Objectives/ Findings and Next Steps (JTTT5)

\ Objectives/ '® Share VIVALDI critical scenarios and DIVP® sensing weakness scenarios and their selection process
\\ Purpose ™ Discuss a structure for interoperability of VIVALDIDIVP scenario
N
S e fer
e Commonalities Complementarities
~

m Both side agreed that to define scenario that focuses on sensor

- @ weakness is necessary - ™ . .
~<o © 5 ™ Both scenario consists of traffic paths, traffic participant models :"‘;‘,‘LD.K' "”t?'““ gl "’f";l‘ffpﬂ,” sensar ""“:"“’ in some
- o9 and map models with physical properties. raffic situations. In contrast, * sensing weakness scenario
== 2w focuses on sensor weakness phenomena.
[ AR I h "
Key o Sﬂpj"f’rgﬂm 10 an be sufable for exchanging scenarios Bul i gty scenario selection process is necessary for autonomous
Findings T m The necessiy to exchange measured scenario data for replayin  "Vind SYStem validation process.
w simulation is also to be discussed.
c
c
@ g B Is it possible to standardize critical scenario / sensing weakness B Fulture discussion is needed on the need for a scenario selection
& §  scenario format as ASAM OpenX Standards? pracess thal integrates both tralfic conditions and sensor
ES weakness phenomena

™ Share and merge the detailed parameter list of Both scenario and scenario structure
® Discuss an exchange format of scenarios
+ For this step, make a lry to convert scenarios in DIVP* VIVALDI format mutually
® Try to simulate some common scenarios in DIVP® platform in order to find a commen baseline of understanding

Next steps

F £ neionee o1 *|FEET voilvoe|m P Dive Yi

14



Mid-term event VIVID

Breakout session 2 — Sensors

JT1 and JT3.1 will continue data exchange, JT3.2 will exchange scenarios and sensor model,
JT3.3 will propose a new use-case to OSlI

Objectives/ Findings and Next Steps (JTTT3.1/3.2/3.3/1)

CEETEAS W Achieve mutual understanding of VIVALDI DIVP® simulation platform architecture
Purpose m Discuss required interfaces and architecture of sensor models by data exchange

Commanalities Complementarities
® Reiy dat OSl trace files exchange (JT3.1)
@ ® Achieve mutual understanding of Ground Truth Sim and Physical Sensor ™ Input data format of camera perception model: (DIVP*)
o 5  SmTan spectral 35band format v. (VIVALDI) RGB format (JT3.1)
L := W Confirm concept of sensor models are similar (JT3.2) [ Modenmgmsunmhc noise and backscattering: (DIVP?) ray
S @ = Exchange of scenario will be dane by OpenSCENARIO and OpenDRIVE tracing model v. (VIVALDI) Lidar sensor model (JT3.2)
S format (JT32) ® Calculation of radar ray reception azimuth: (DIVP®) ray
Key T ® Virtual RAW data and .menussalwm important (JT1) traging model v. (VIVALDI) Ragar senser model (JT3.3)
Findings - Achieve e System (JT1)
@ ® Further discussion is needed for virtual RAW data formatand lens W (DIVP®) Necessity of ray tracing interface that can
c g model (JT3.1) communicate even if both the sensor model and the ray
@ <= W Further discussion is needed for 0si3: EnvironmentalConditions. tracing model are black boxes (JT3.3)
& 8 _ suchas “strest lights” (/T3.2) ® (DIVP?) Confirm both sides of virlual RAW dala and
S ® Further discussion is needed for osi: uch as ion model interfaces and propose mutual standard
T “signal_strength” (JT3.3) interface (JT1)

B Exchange of environment model/sensor model output (JT3.1)
W Exchange of scenarios/sensor model (JT3.2)

m Propose a new use-case to 0S| (JT3.3)

W Convert DIVP® data to OS| format (JT1)

Next steps
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Breakout session 3 — Test and validation metrics

J 3.4 will continue to focus on standardization and documentation of measurement
methodology and validation process

Objectives/ Findings and Next Steps (JTTT3.4)
® Aim for de-facto standardization of measurement methodology. consistency validation and sensor model validation

Commonalities Complementarities

m Measurement is key for modeling (OSI proposal) and
standardization spproach has been agreed (data m Sensor specific characteristics (High: RCS

exchange/format) L
' Both sides agreed on the general sensor pipeline, measurement, Odaiba sensor output measurement)
and its validation on multiple levels (including I/Fs)

Core
questions

- Findings
’ i - . @
’ i 5 _E m Both sides are grappling with material parameters
. o g  prioritization, scenario/ metric selection, and
, O 2 measurement error
’ =3

® Documentation (white paper) of test/ measuremsnl methodolo lcr modeling, establish guideline
Next steps M JST-ITA RV ion scenario, and discuss v process of limitation in the context of sensar consistency
validation (metrics being the possible outcome)

£ Cabinetottice Sop ®EEET VI:I\VDE|IT?DIVP w
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J 6 will focus on sensor models, comparing LiDAR point cloud metrics, and validation
process, clarifying reliability of sensor measurement and metrics selection

Objectives/ Findings and Next Steps (JTTT6)

(O/JEEIES] m Ajm for de-facto i of i y validation and sensor model validation
Purpose (process)

Commonalities Complementarities
W Agreed on the general sensor pipeline, and its u (DIVP) Perception with object detection v. (VIVALDI)
validation on multiple levels (including I/Fs) sensor data (system under test/ I/F validation)

W Agreed to compare sensor output, and to further u (DIVP)Path planning v. (VIVALDI) Public PerCOLLECT
discuss the feasibility of comparative studies of sensor (system requirement)
data or specific abjects

Core
questions

Key
Findings
W Both sides are grappling with material parameters
prioritization nario/ metric selection, and
measurement error

m Both sides agreed that other parameters may need to
be considered regarding the 2-stage validation concept

u (DIVP)Sensor- sgecmc vallnallon process v.
(VIVALD

Open
questions

m Sensor models

+ Comparison of LiDAR point cloud metrics for concrete sensor output, and discuss validation of intermediate output
Next steps + Focus on |fFs, and pros and cons, and conduct feasibility study
® Validation process

+ Clarify reliability of sensor and metric

£ Cabinet Ottice Sop ®| =T vulqu\rr?Dle w
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Keynote 7:
The role of Al and data qualification in safety
assurance

Speaker: -
Prof. Frank Koster, German Aerospace Center (DLR), Germany 4 prose |

Conclusions E

With the enormous complexity of advanced vehicles and automated systems in even more complex
environments established methods reach their limits in generating safety evidences. Moreover, we can’t
expect that an automated vehicle will be designed, developed, tested, produced, quality assured,
delivered, deployed, used, serviced and recycled in a straight-line process. Not just because of Al-based
components there is a need to establish iterated Processes which are e.g. well known from the field of
software engineering, like the DevOps approach (Dev = Development; Ops = Operations). Continuous
improvement of products (e.g. Al-based products) is a concept that can be implemented on a DevOps
environment. The typical DevOps-phases are data-centric and data-driven respectively. This is a perfect
environment to apply Al-based tool for the automated data-processing and -analysis — e.g. with the aim
to identify new test-cases, monitor Al-based functions in the field and retrain them on improved training
data sets, derive models to support predictive maintenance functionalities etc.

The overall goal of an Al and data-
Automated and Connected Driving — Al-based Functions driven engineering process
methodology is the transfer of
product development chains based
on single fail/pass verification runs to
continuous integration and
assessment methodologies. The
better we can automate this by Al-
based engineering tools the more we
can speak of a game changer in
innovative product development.

. levlo
no Automation

. Level2
S Partial Automation

. level3
High Automation

€ Level 4
Full Automation

Level 5
Autonomous

Different Deployment Strategies,
0DDs and Use-Cases

W/ Jins

Virtual environments for V&V are essential — in particular in terms of Simulation as a service
The integrated use of different test facilities/environments is essential to gain a sufficient overall
evidence: virtual environments, HiL/ViL, proving grounds, field tests etc.

Focusing the product is not sufficient — the entire process-landscape, set of methods, tool
chains and their interaction are important — “go for DevOps!”

Security must be guaranteed and trustworthiness is of high importance

Trusted data spaces or data (and service) ecosystems has to be established for V&V — linked
or meshed with other data spaces

Humans are a better decision maker when the goal structures must be adapted/adjusted (no
strong Al available) — adequate Human-in-the-Loop concepts need to be developed

A

O 00 0 00
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Panel discussion:

Change of paradigm — From product validation
to data-driven and Al-enhanced process
validation

Moderator: Prof. Frank Koster, German Aerospace Center, Germany

Panel list: Prof. Hideo Inoue, Kanagawa Institute of Technology, Japan
Roland Galbas, Robert Bosch GmbH, Germany
Hasan Igbal, ADC Automotive Distance Control Systems, Germany
Arun Das, BMW, Germany
Dr. Tobias Duser, AVL, Germany
Yannik Cichy, IPG Automotive, Germany

Communication technologies (in particular 5G and 6G) for cooperative
automated driving and their relation to Al-based vehicle functions

Robust communication is an important foundation for intelligent Al-based
cooperation (and collaboration) of automated systems and intelligent traffic
infrastructures. Particularly, this helps to raise a vehicle’s range of perception and
also the quality of the perception. By this an improvement of safety can be assumed
in many traffic situations. Accordingly, advances in single communication
technologies as well as the integrated use of complementary communication
technologies should be provided by future research initiatives. Furthermore, it is also
important to mention, that communication technologies are the basis for a large-
scale data collection in the mobility system, which enable the monitoring of Al-based
products as well as the continuous product improvement.

Impact of Al-based functions on test procedures

AN In the context of perception (beside other application areas) it is commonly accepted,
S.l that Al-based function will play a major role in automated systems. We can't life
without Al-based components in the context of advanced vehicles and automated
systems. Because of that, we have to compensate some drawbacks of highly
relevant Al-methods like artificial neural networks or deep learning approaches. In
this context, the following research streams are essential:
o Accompanying safety layers from a systems perspective
2 Architectures to integrate conventional algorithms with (updateable) Al-based
components
S Hybrid Al-based solutions that integrate sub-symbolic and symbolic Al-
methods and -technologies respectively
2 Improved test methodologies and tools for Al-based functions

17



Next steps towards safety assurance by virtual V&V

=

00 00

Rational and integrated use of various tests and test equipment in the context
of a substantial safety argumentation

Certification of tool chains and test equipment

Raise the proportion of virtual or simulation-based methods/tools and the level

of evidence

Establishment of digital twins across the overall automotive value chain
Increase efficiency in testing.

Aspects about metrics to quantify the degree of realism and evidence
\‘\ 2 Rational use of simulation tools and simulation approaches — we need
RN research on methodologies and not just a tool centric research (How to do
o things best should be in the focus?)
S More accurate models don’t always equal better for safety reasoning
2 Mew scalable simulation approaches are urgently needed

Improvements for DevOps cycles for complex and Al-based systems

Digital twins (as already mentioned above) will be of increasing relevance
High degree of automation of processes (e.g. in virtual or simulation-based
environments

Scalability and maintenance of digital twins over the entire product lifetime is
essential

Standards (especially big pictures for the practical use of standards) are
extremely important in order to be able to set up the urgently required tool
chains

Methods for the efficient execution of tests are also indispensable
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