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Safety Assessment of Automated Driving Functions

1. Distance-based — scenario-based 2. Real environment — virtual environment

\AANW.trigraphis.com

AP G Gl X = Realistic, evident, consistent, justifiable, credible, BElE

nTON 7
4. Virtual verification and validation bt .v DIVF.’ {‘%ASA
based on harmonized global PeGASUS SETHILevel jama & ¢ IEEE P&

PO ——

R&D and standardization efforts bl

Adapted source: M. Hein et al.: German research approach towards AD safety assurance, Keynote SIPadus Workshop 2022, Kyoto, 2022
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Environment Overview for Safety Assessment

Fleld-operatlonal tests

Real world Over-the-air

= vehicle in-the-loop (OTA/ViL)
Simplified =
ODD
E = =3 ,é Software m-the loop (SiL)
Installed |IP% n
performance [B<
o)
Idealised |
environment :
Beveliof reproducibility and simplification
ODD — Operational Stochastic deterministic controllable, model-based

Design Domain
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State of the Art
Radar sensor in OTA/VIL for scenario-based Validation procedure of radar sensors in
virtual safety validation of automated driving OTA/VIL tests

Intended usage: State-of-the-art:

« Testing and development of « Metric based analysis by comparison
algorithms, models, and functions (e.g. of real and OTA/VIiL data
object detection, trajectory planner) .+ Hypothesis tests to prove statistical
* Objective validity statement of radar properties
sensors in OTA/VIL tests o Expert know|edge driven and
« Safety assurance for automated subjective process due to result
driving functions Interpretation

‘How do we objectively measure the OTA/VIL capabilities based on measurements?
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Validation Methodology of Radar Detection Data
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Adapted source: M. Viehof: Objektive Qualitdtsbewertung von Fahrdynamiksimulationen durch statistische Validierung, PhD Thesis, TU Darmstadt, Darmstadt, 2018
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Experimental Setup OTA/VIL Validation
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OTA/VIL In Virtual Test and Simulation Area (VISTA)
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Summary

How can we compare the bias and distribution spread between the measured and OTA/VIL

data?
- DVM Map enables the unit conform comparison of measured and OTA/VIL data

What is the effect of the slalom drive onto the RCS o and position distribution of the radar
detection data in an OTA/VIL testbed?
- OTA/VIL testbed shows high validity for RCS and azimuth

- Lower validity in case of velocity and range
- Temporal information get lost

How do we objectively measure the OTA/VIL capabilities based on measurements?
- DVM Map is objective metric with high interpretability

f '\ Thuringer Innovationszentrum

\/}/ MOBILITAT
/2

TECHNISCHE UNIVERSITAT
ILMENAU

} Mercedes-Benz

glickfeld @ntinentalt G IP G

LiDAR / scan your wor

ahetiane
74 TECHNISCHE S
S L s
855 unversitar - YT Hochschule :§§ ;'5}%
Gol DARMSTADT  wwemwmsenw  Kempten %
= University of Applied Sciences DLR

Elster & Khakimov, EUMW Workshop, VIVALDI — Virtual Validation Tool Chain for Automated and Connected Driving, 03.07.2023, Page 25




SPONSORED BY THE

% Federal Ministry
Z> N of Education

Conclusion & Outlook

|dbia.s | in dBmZ

Conclusion s
- DVM Map enables comparison of proving ground oA

measurement and OTA/ViL data ol
- Valuable information about realism gap oma

OTA/ViL 2

* Interpretability given by unit conformity oraviL 1

dCAVM in dBm2

Outlook s qual
- Application on measurement data with reference data orsnis

uncertainties o 1
« Comparison of different slalom periods E
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