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VIVID has been co-created to establish virtual test environments for CAD-safety assurance by
confirming the commonalities and complementarities of VIVALDI and DIVP through each JTs.

On the Way to Reliable and Realistic Validation for CAD safety assurance
* Base value through commonalities

 HD map and sensor raw data

« Material and object data bases

* Environmental and sensor modelling

* Added value through complementarities ‘

- Sensor types and raw data Data-driven

safety assurance
* Test methods

« Common goals

- Exchangeability O glf:?n?;?fnaiaersds

Global harmonization
' and standardization

* Interoperabilit
P y Cross-domain testing

 Data-driven O (SiL, HiL, ViL, FoT)
Safety assurance
Multi-sensor platforms ¢ EE Joint topical task teams (JTs)
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Building a virtual space simulation platform having highly consistent sensor models with
real-world phenomena to contribute to the safety assessment of automated driving.

DIVP motivation
B Sensor modeling that is highly consistent with physical phenomena.
B Platform that enables AD-evaluations throughout “scenario creation” , “verification of

recognition” , “validation of vehicle control”.
B Enhanced connectivity with existing simulation software.
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Using DIVP Material, simulation results of LIDAR, Camera and Radar appear realistic.
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Traffic signal recognition in rainy weather;
verification of recognition limit performance is possible with virtual space simulation

Contribution to safety assessment for AD-system evaluation using virtual space model

Difficult to catch signal recognition limit DIVP® simulation allows for intense rainfall settings

conditions in public road due to lack of control  _, Signal recognition limit verification is possible
over rainfall condition levels

Evaluation by
extrapolation
is possible

/

Public road tests Normal Rainy weather DIVP® simulation Normal Intense rainy
weather (a few mm/h) weather weather

Recognition rate 0.982 0.984 Recognition rate 0.989 I 0.868 }

The overall recognition rate deteriorated with increasing rainfall in DIVP® simulation, _ rdetected due o shielding by raindrops
= Misrecognition due to color change, etc.
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For AD safety assurance, geometrical input for system layer & physical materials input for
sensor layer are needed as total validation framework

Validation framework for AD safety ass
0 Scenario

B Geometric movement scenario

based on road accident data

analysis

System LN
layer

B Sensing weakness scenario based
on expert knowledge

o,
. -

urance and VIVID JTs’ position

Validation

@ 7 ciivity
o Metrics

Sensor model with
real/sim consistenc

W Safety risk marqgin based on
geometric positioning simulation

Ny |
i

—>® Radar

i

Sensor
layer

o Tool chain

SUT*
@C AD-control
amera
hlty :
—> :7 {. >
) iR
AT

oreseeable and
s preventable.?
..‘ o .
\J '
g 82

i

B Perception performance based on
highly consistent & measurable
outputs

@ Lidar
.

0 Measurement, framework

* SUT : System under test

6




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

VIVID material
[d Sensing weakness scenario

~ Sensor model defining

parameters Highly related to Geo-Sensing

weakness scenario & OpenX

Camera

assessmert scenaria

VIVID
Material :
Metrics

~—Future discussion opportunity———+
Stage2 : “Safety margin for risk”

Stage1: “Correctly perceiving?”
False False e
Positive True Negative e Red
Definition } } C— J_*Ccﬁision
Validate recognition limit Validate the appropriate safety margin
‘ . Assume
Physical Geometrical as ODD
B Propose “shielding rate” and B Stage-2 Index for “Safety
“IOU*" as Stagel validation index ——————* margin” under discussion
o Need reference definition for

Elements
considera connecting Stage-1 & 2
tion (time delay between
recognition to actuation, gfc)
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BMW's OpenMATERIAL proposal has two pillars, Asset Info & Model Specs and Sensor
material properties, which are very similar to ours. In particular, the latter is exactly the same.

BMW'’s OpenMATERIAL

OPENMATERIAL
OPENMATERIAL EXTENDING GLTF

glTF: 3D Geometry, Rendering
FPEBR (Metallic-Roughness)

car.gltf/_bin

OpenMaterial: Material Models
Frequency-specific sensor
material properties

iron.gl

OpenMaterial:

Asset Info & Model Specs
- Semantic Information

- Coordinate Frames

- Node Hierarchy

- Animation

- Quality Requirements

glass. gltf

Faze 4




DIVP also implements glTF support and collaborates with BMW for standardization

Our proposal for BMW's OpenMaterial

__DWWP(statusquo)_ _ _ _ _ _ _ _ _ _ o ________ - Example of data structure for exchange that will lead

optimization of development and validation process.
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DIVP collaboration under the VIVID flamework concerning material distribution.

Key focus

 Measurement data of physical properties is critical for the fidelity of
simulation.

« 3D data and material measurement data are two pillars of OpenMATERIAL.

- Data exchangeability will lead the standardization of OpenMATERIAL.

VIVID supports the OpenMATERIAL initiative by BMW
and will propose a potential ASAM Concept Project.
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Thank you for your kind attention!

Tokyo Odaiba — Virtual Community Ground
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