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Virtual verification and validation in conseqguence

 Distance-based — scenario-based  Real environment — virtual environment

www.trigraphis.com

« How X is X enough? « X = Realistic, evident, consistent, justifiable, credible,
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Scenario-based safety assurance (SA)

system capability

PEGASUS Safety engineering : SC?”?‘T'O
FAMILY assurance domain . definition
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« X-model derived from Y-model 'S
(Gajski-Kuhn, 1983, VLSI HW design) &
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« Axes: 4 complementary domains

forming the letter ,,X“ §

* Circles: Successive abstraction -
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layers (top-down) for every domain =
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« PEGASUS assessment for HAD-F i S
(D]

maps onto trajectory in X-diagram

www.pegasusprojekt.de/

Test method Perception



Scenario-based safety assurance (SA)

system capability

PEGASUS Safety engineering Sce.n.a'.‘lo
FAMILY assurance domain definition
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« X-model derived from Y-model
(Gajski-Kuhn, 1983, VLSI HW design)

« Axes: 4 complementary domains
forming the letter ,,X“

* Circles: Successive abstraction
layers (top-down) for every domain

« PEGASUS assessment for HAD-F
maps onto trajectory in X-diagram

www.pegasusprojekt.de/

* 4 VIVID DE/JP joint topical task
teams: Complementary coverage
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Sensor-oriented scenario description and reference data (IPG)

» Sensor effects

* Relevance
ranking

* Scenario
selection

\

</

« Parameter
relevance
* Recomposition

according to
simulation
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* Parametrization
* Baseline values
* Critical cases

* Guidelines for
measurements
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Sensor environmental effects: Rainfall and fog Facility: CARISSMA, Ingolstadt
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SA Scenario

Parametrisation of the environmental model
Scenario generation with ScenarioRRR
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SA Scenario

Main challenges of validation of automated driving

What to test? e How to test? &

Critical scenarios B 993 \ Ly . = Robustness validation
Specific traffic rules o MAOTEY = Cover a high number of
Regional specific ' : — i corner cases and critical
environmental conditions T A scenarios
“Understanding human T I T 7 = Deal with vehicle variants
behavior is the key problem - B e and scenario variants

in building a capable and = 4 ‘ : . s = Use virtual testing methods
safe self-driving car.” ' 2T — like X-in-the-loop

(Dmitri Dolgov, CTO 1 -\ i approaches
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et cetera ...




Radar sensor simulation and verification (MB, TUIL)

— | Abstration layers AL
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Radar sensor simulation and verification: CPLA-scenario
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Scenario-based testing with OpenX

Test description
Test specification description

ODD description
= ASAM OpenODD

Scenario description

Dynamic Content
= ASAM OpenSCENARIO

Static content
= ASAM OpenDRIVE
= ASAM OpenCRG

Scenario pass/fail criteria
= ASAM OpenSCENARIO

Simulation
Models

$ Asam osI
Simulated environment

$ AsAM OsI

Logging  Labels for sensor data
= ASAM OpenLABEL

Physical test
Hardware

3

Physical site

Domain = On-road driving
= ASAM OpenXOntology
Formal ontological representation of the domain

SA

Post process

Labelling
= ASAM OpenLABEL

Criteria evaluation

\
Storedﬂ@

Retrieve?@

Scenario metadata, labels & keywords
= ASAM OpenLABEL

Scenario

Sensor

© ASAM



Conclusions

« Domain model with abstraction layers for
scenario-based safety assurance

« Sensor-oriented scenario description Safety
— Example results radar and lidar (camera) assurance
— Seamless integration into simulation tool chain

— Significant coverage of domain space at lower
abstraction layers

— Basis for global harmonization and
standardization

 German-Japan joint task teams: Exploit
commonalities and complementarities Test Sensor

— B4 competition, contest

Scenario

— A&l co-creation
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