VXY, improves safety assurance
ent of highly-automated vehicles

— Track Verification, Validation, Configuration

| r’(AVL Deutschland GmbH, Advanced Solution Lab, Karlsruhe)
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Cooperation TNO and AVL
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Motivation for Model-Based V&V

Vision of the city of the future - autonomous systems act independently and communicate with people.

They share common space, create new freedom and increase the quality of life.

www.daimler.com/innovation/pioneering
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Research Project ,,.SmartLoad"

= Research into new concepts for functionally
safe design

= Exploring robust software and system
architectures

= Research on new modular and standardisable
development methods

= www.smartload-project.de

SPONSORED BY THE

* Federal Ministry
of Education

and Research

SMARTLOAD

Neue Methoden zur Zuverlassigkeitssteigerung
von hochautomatisierten elektrischen Fahrzeugen
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Use-Case elractor

= Multiple operation areas
— Private ground, Public roads,
— On-Road, Off-Road
= Multiple operation modes
— Manned, Teleoperator, Unmanned
= Multiple traction systems
— Tire, Chain
= Multiple implements
— Front, Rear, Side, Top
= Multiple working configurations

— Trailer, Swarm, Drone Carrier, etc.
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Use-Case elractor

= Multiple operation areas
— Private ground, Public roads,
— On-Road, Off-Road
= Multiple operation modes
— Manned, Teleoperator, Unmanned
= Multiple traction systems
— Tire, Chain
= Multiple implements
— Front, Rear, Side, Top
= Multiple working configurations
— Trailer, Swarm, Drone Carrier, etc.

https://www.youtube.com/watch?v=FwRj4uQSag4
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Traditional Approach for Conventional Electric Vehicles

Driving / Working Task Load on the Test E i
of the Vehicle System and Components | est Execution
L

oad
Spectrum Plan

vehicle = -
operation _———

acquisition
of damage [ IRE

related '
parameters

data [
processing Vil
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Traditional Approach for Highly-Automated Vehicle ?

Driving / Working Task I Load on the Test Execution
of the Vehicle System and Components
I Test

Plan
ODD

Load
Spectrum

Localisation

Remote Operator

Highly Automated
Vehicle Guidance

Radar / Lidar




New Approach

Driving / Working Task
of the Vehicle

Load on the Test £ _
System and Components est Execution

Test
ODD + Scenario-based Plan +
Simulation
Highly Automated Data Aquisition
Vehicle Guidance [Ii/laoncllz?se [ during Operation ]
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Elements for V&V - Systems Engineering

Sensor 1 | Sensor 2 Sensor 3 | Communication

Vehicle Automation

I

Vehicle Control

TDrive TBrake I

v,F

Ul w, T

Gearbox Front

Ul

HV Battery

Bl Electrical energy

Vehicle Chassis

Electric Inverter

u,l w,T M=—== Mechanical energy

Pl Information

| ESI - IDEW 2021 | April 15 2021 |




Elements for V&V - Safety Analysis and Vehicle Test Bed

Training, Experience Systems-Theoretic Process Analysis
(STPA)

Human Driver
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Elements for V&V — Distributed Co-Simulation

Gearbox Test Bed
IPEK Karlsruhe

Steering Test Bed
STAG Karlsruhe
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Elements for V&V - DGT and Scenario Catalog
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Elements for V&V - DGT and Scenario Catalog
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Put it all together ...

Eo] F=r] [Em] [
el

iochsutomatisero Fahrfunklonen |

Virtual Vehicle
AVL Karlsruhe

Systems Engineering: Functional Safety: B [N d
System Description FMEA/ STPA M/ S N o e
Specification Specification Specification % L. o GRang Y ot 4
Model Boundaries Model Quality Test Cases N IE o e

\ 4 \ 4

Systems Engineering:

/P

Modeling
Specification Vehicle and
System Boundaries Environment Models v

Scenario-based Simulation with SiL / MiL / ViL:
Relevant and Critical Test Cases

Scenario Databases T Fleet Data Virtual Scenario Vehicle Test Bed
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Summary and Outlook




