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Automated Driving and Software-Defined-Vehicle (SDV) have a mutual
relationship

Driver Experience, Digital SW complexity demands of Big Dat'a Loop a“td A.Itf)ffer
Cockpit and Automated L2++/L3/L4 automation ama:r:g O.plitmr U:l les,f
Driving are the top drivers mandates scalable HW and AD mandates a seamless e - Bration o

of SW complexity SW architectures closed loop dev&ops chain SR R ) B
standards for Al

Automated Driving mandates a scalable hardware and software approach
Capabilities of SDV are inevitable to handle complexity and life cycle demands

Potential of Al to be used extensively, price of Al is storage&compute performance, safety
standards are mandatory
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PORSCHE Portfolio and Innovation Drivers
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A Porsche will always be a driver’s car
Assisted&Automated Driving supports safety as well as comfort in everyday situations

) Performance Car Daily Driver

Assure customer satisfaction

v’

Self driving remains the focus for Porsche Automated Driving as helpful feature in the daily use
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PORSCHE ADAS/AD roadmap
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Automated Driving with great benefits - Level 5 not in scope for Porsche

Level 1 ) Level 2 ) Level 3 ) Level 4 ) Level 5

Level 5
= Human-like driving = Level 3: Stringent takeover requirements = Loose items, no safety belt, always&everywhere
= Hands-off (some markets) = Level 4: Relaxed takeover requiremen ODD not realistic in owned vehicles
= Urban areas @ » Eyes-off / Mind-off (side activities) @ = Robotaxis no option
* Hands Off = Eye Off/Mind Off for Porsche by now
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Automated Driving trends

Level 1 ) Level 2 ) Level 3 ) Level 4 ) Level 5

Bottom Up Scalable L2++/L3/L4

Top Down L4 to ??
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China: Hardware TOPS and Number of LIDARS Represent the ,,New Horsepower”
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# of LIDAR
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Customer features of Level 2++ function
Strategic partnership between VW Group and Mobileye

41N mobileye

urban everywhere

intersection

highway
left / right

access / exit

traffic rules roundabout dynamic objects bottlenecks lane change

The L2++ Driving system based on the Supervision™ technology enables convenient and predictive hands-free longitudinal and lateral control of the vehicle in highway, interurban
and urban driving

The availability and performance of the respective features depend on the availability of REM™ (Road Experience Management™) data and legal requirements in the respective
countries
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Complexity mandates a synergetic development
Scalable level 2++ & Level 3 & Level 4 sensor set & compute platform
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Modular, scalable ADAS/AD
Architecture

sensors ECU functions

SV62L2++

Level 3

Level2++
k- 12
Ll

Level 2+++ (Verbesserung Performance)

Level 2++

Level 3

Level 4

The cross-brand use of Mobileye functions enables maximum synergies in ECU
& function development, requirements, failure detection, simulation, PMT,
&V etc

PORSCHE

g i «N mobileye:
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Synergistic development L2++/L3: Sensors and ECU : | |mmobﬂeye,

SV62L2++ CH63L3

Highway

Full ODD
Hands-off

Highway only Traffic jam pilot
11V + 5 Radars

Chauffeur ™ 63

11V + 1/2Lidars +
10 Radars

Base comfort
features

—

Mandatory | s E
safety features “ m | 3xEyeqsH u 2 ‘

EyeQ™ Accelerators
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Closed Loop Map Data

. <777
Mobileye CloudZ==ae

HD Map Generation

Big Data Loop

Volkswagen
Automotive Cloud
Road Signature Data \ﬁ')
e 4
VW OS including Edge
Preprocessing Technology

: : Localization &

= \\N "

- . Driving

W —

Function

Other Data Consumers
(Licencing)

Swarm Data

Efficient Map Data
Download

Always fresh data generated by a huge customer vehicle fleet
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Onboard preprocessing to generate
data in the front camera for upload

Efficient transfer of reduced data
objects to minimize connectivity cost

Vehicle localization vehicle in map
provides electronic horizon to driving
function

 Blueprint for region specific solutions

PORSCHE
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How are ADAS/AD functions developed, verified and validated?

Meeting Customer&Market

Requirements

Review
Requirements
Concepts

Architecture
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MilL & SiL & Hil

Functional value chains
Virtual value chains
Variants

Regressions

Functional Safety FuSa & Safety
of the Intended Functionality
SOTIF

Test Planning & Test Infrastrucure

Prototypes Prototype&Field
Test

Worldwide test
campaigns

Test libraries

Objective validation

PORSCHE

Regulations

Data
Collection&Analytic
S

ODD Coverage
KPIs__
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Validation and Verification need completely new approaches

Test track and public road validation New Virtual Methods

> 3 billion km ?

)) 100+ prototypes running for 100+ years@ )) Data Driven Engineering

Resimulation Data driven V&V & Big Loop
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AD Life Cycle Management — User Journey

o=l _o
oo — 2.8 N =
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T e A A " %Y%Q*g:t
Automatic Re Simulation SW & ML Dev

ticket system

@ scale Environment

Test fleet
OTA

Simulation Scenario Based

at Scale Validation

Automated test runs

Data collection Final Safety

and ingestion Validation
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Continuous/agile

Shadow Mode:
homologation

Prod
Global e
roll out SW
RPORSCHE
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ADAS/AD Cloud Based Development Framework Safety and Performance
Management System

Monitoring: Data driven detection of critical scenarios and events
Control: Evaluation of incidents, deactivation of functions in the field

Safe, secure regulation/homologation consistent updates

- Life-Cycle Management
‘ B scenario Management Release & Data driven
Homologation
Requirement. ~ [Jll Data Management e Validated simulation

measurement
technology

Safety&secu rlty oriented & Specification
Management

P

Architecture
Management .0,

shadowing

Event chain oriented

proving ground

HIL SIL

Automated Driving wing Scenario based
Plattform concept

Event chain oriented

(Semi-)automated

Integration-, Multi-
Qﬁ* Domain-Test
COMPONENTS

and Validation
. Manageme
(Semi-)automated 2 ‘
' Ecosystem for Functioh- and
SW-Development

Reproduction&Regression

Fleet- and Test Vehicle Management

Quality Management
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Virtual methods in ADAS/HAD development
Simulation methods and model quality are already established and have to be further

improved

Concept Phase

* Increase of concept maturity

* Conceptual questions, eg sensor
positioning
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Test Planning & Test Infrastructure

Virtual function

development

* Virtual first-time application

* Virtual testing and test
planning

Virtual integration and test" [

* Virtual coverage of variants

* Resimulation (sensor data + SiL)

* Sensor models covering all
sensing principles

* Coverage of scenario catalog
and homologation criteria

Data&model quality
and objectivation of criteria
(KPIs) + Homologation tests

rmaneuver descriction
Start braking phase E

Increase of deceleration =

ABS phase b

[ otal brake distance
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Role of Al in the ADAS/AD Development and V&YV Pipeline

Fleet Connectivity Data Management Al Based Methods Validation & Shadowing

Enthusiasts Fleet
‘.-O‘

C Fleet

) ()
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Data Car 2 Cloud Data Engineering and DNN and Fusion based Al Validation Shadowing
Collection Connectivity Data Management Systems
Campagnes - > | - —_—
shadow|  Provisioned, Data Data platform to ingest,  |training | Platform, tools and Al approaches o Simulation / Validation Real world
® ) Mode /| managed, cloud store and prepare datasets Data Sets to train neural networks moces of Al based SW validation
Trigger | connected fleet of for ML training
Company Fleet Logic 4 cars N | N ’
- < bl N AR o '\ OQuerthe AirlUpdates |
N Vs \ ! N ! ’ \
) ‘ .

Corner case

Snapshot mode

Trigger logic

Big data analytics

Telemetry

Vehicle provisioning

Scenario extraction & mgmt.

Synthetic datasets

E2E traceability

Auto anonymization and
labeling

Data quality check and

Index & search

Data governance &
traceability

Data ingest and storage

CPU/GPU/FPGA for data
processing and inferencing

Neural network development

(imitation learning, self-
supervised learning)

Multi-source, multi-sensor data use

Model Neural arch.
interpretability search

Hyperparameter tuning

Best ML training frameworks

Model & .
Training
dataset ) L
o visualization
versioning

MLOps with integrated &
automated CI/CD pipelines

Multi-node scale on GPUs
optimized for ML training

Multi-domain V&V API and
platform

Re-simulation

Re-simulation on GPU and
FPGA

Closed loop simulation

GPU for simulation

HiL (co-lo hosted) & on-
DIC]

Shadow mode

Over the air
update
integrated with
DevOps

s

Im'—nl I—II—




Conclusion

rJ\%!

Driver Experience, Digital SW complexity demands of Big Data Loop offers
Cockpit and Automated L2++/L3/L4 automation amazing opportunities,
Driving are the top drivers mandates scalable SoC and AD mandates a seamless mandates integration of
of SW complexity SW architectures closed loop dev&ops chain vehicle&cloud

* Realization of AD requires high performance compute platforms incorporating SDV capabilities combined with
sophisticated convential and Al signal processing and control

* Al offers widespread opportunities both in vehicle functions and development methods but:
— Open Questions with regard to safety, freedom of interference, quality etc to be solved
— Stepwise approach preferred over End-to end Al approach
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