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Let`s start by taking a trip down memory lane
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Amazon.com, 1995
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www.versionmuseum.com
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Amazon.com, 1998
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www.versionmuseum.com
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Amazon.com, 1999
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www.versionmuseum.com
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Amazon.com, 2024
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www.versionmuseum.com
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Experiment

How to build the best possible customer experience?
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Design Thinking Lean Startup

Build

Measure Learn

Ideate

Empathise

Define

Which features do 
customers really want? 

And how do they like
the UX?

Agile

DevOps
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A/B testing example
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Experiment



www.digital.auto

Experiment

But: How to apply this to the automotive reality?
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Design Thinking Lean Startup

Agile

First-time-right

MVP

SOP

Agile,  MVP, 
fast iterations

First-time-right,
slow evolution,
long-term planning

Build

Measure

DevOps

V-Model

Learn

SDV AI

Embedded

Ideate

Empathise

Define
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Complexity
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Source: ontonixqcm.blog

Complexity

Dependencies

Heterogeneity

Variants
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Integration Hell
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OEM

Tier1 Tier1 

Tier2 Tier2 

… …
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Clash of two worlds
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MVP

V-Model

MBSE

Realtime

Digital Experience

Physical Experience
ASIL

QM
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How to cut the gordian knot?
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De-coupling
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De-coupling
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Cloud Native: Learning from the Internet guys
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Cross-functional 
DevOps teams are 
collaborating 
throughout the product 
lifecycle

Incremental code 
changes are made 
frequently and reliably

DevOps Continuous Delivery

Open-source
Foundational software is jointly developed and shared by a large open-source community. 
This includes operating systems, container runtimes, middleware for microservice orchestration, 
and the tool chain for continuous integration and delivery (CI/CD)

Applications are
developed as suites of 
modular microservices
with well defined
programming interfaces

Containers provide a 
lightweight, portable 
and automated runtime
for applications and 
microservices

Microservices & APIs Containerization

Loose Coupling
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Apps & APIs: Smart Phones = Benchmark

19

Touch APIs,
Media APIs,
Core Service 

APIs, Core OS 
APIs

API

Benchmark Apple (2023)
▪ $89bn revenue
▪ 2.3 mio apps
▪ 36 mio registered 

developers

App Store

Micro Payments

„Whip sound app“
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Putting it all together
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Hardware Abstraction /
Vehicle API, e.g. COVESA

Vehicle-2-Cloud API
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Putting it all together
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Edge Container Runtime

Embedded / 
Signal-oriented
Environments

Cloud Container 
Runtime
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Example: Mobile Mechanic
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https://www.youtube.com/watch?v=Z4a62H5f2EU
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Putting it all together
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App for Mobile Mechanic

Vehicle.Cabin.Door.Row1.Left.IsOpen
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Second Example: Passenger Welcome
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Source: 3ds.com
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Putting it all together
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App for Mobile Mechanic

Passenger
Welcome
Sequence

Vehicle.Cabin.Door.Row1.Left.IsOpen
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Is it safe to open 
the vehicle door via an API?
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No! Unless…
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Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence



www.digital.auto

Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence
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Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence
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Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence
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Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence
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Putting it all together
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Vehicle.Cabin.Door.Row1.Left.IsOpen

App for Mobile Mechanic

Passenger
Welcome
Sequence
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From Building-
Blocks…
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…to Value
Streams



www.digital.auto

The mobility world is changing
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Agile: Fast, continuous improvements

Safe: First time right, safe evolution
▪ Long-term planning and stability
▪ Fully hardened environment
▪ High safety requirements
▪ Hard real-time + priorization

▪ Minimal Viable Product
▪ Frequent updates
▪ Lower safety requirements
▪ No real-time requirements
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#digitalfirst

40

Agile: Fast, continuous improvements

Safe: First time right, safe evolution

Shift Left

Shift North

VHAL
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Shift North
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Shift North
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MVP

V-Model

MBSE

Realtime

ASIL

QM

VHAL
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3x Shift North

E/E / Hardware SDV / Software

Central
Compute

ASIL

QM Off-board

On-board

VHAL
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Shift Left
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Shift-left
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Traditional
quality model

Shift-left
quality model

640x
NIST (USA): Cost factor of
error corrections based on 
work hours

Attention 
to quality

Plan & design Build Deploy Operate
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Shift-left
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Shift-left
quality model

Attention 
to quality

Plan & design Build Deploy Operate

User Experience Validation
 Early-stage prototyping
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Shift-left
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Shift-left
quality model

Attention 
to quality

Plan & design Build Deploy Operate

System validation
 Simulation and virtualization
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Shift-left
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Shift-left
quality model

Attention 
to quality

Plan & design Build Deploy Operate

Continuous Integration
 Automation from day 1 (!)
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Shift-left
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Shift-left
quality model

Attention 
to quality

Plan & design Build Deploy Operate

Homologation
 Virtual testing
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Virtualization
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Virtual ECU (vECU) Virtual ECU (vECU)

Virtual BUS

vCAN
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Vision

51

Vision: 100% virtual vehicle in the cloud

vECU vECU
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Vision
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Copy / Paste
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Vision
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„GenAI, how can I turn 
this virtual vehicle into a 

right hand drive?“
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Vision
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Vision
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Test: Left-hand drive

Test: Right-hand drive
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Target picture

58

Hours

Weeks

Months

Mechanical

E/E

Digital
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Shift Left Strategies
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Lightweight Web
Prototypes

Simulation

Virtual
Vehicle Component

HIL

System
HIL

Engineering
Mule

A/B/C/D
Vehicles
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Benefits
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Early stabilization of APIs
and E2E Architecture

Virtual feature
fine-tuning and testing

Virtual variant
testing

Significantly reduced
costs for HIL testing

Improved
stakeholder alignment

Early customer feedback
Desirability, UX

More flexibility
due to later start of HIL

Reduced cost and 
efforts for homologation
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Value Stream Ecosystem

GenAI

Use Cases

#digitalfirst 360° Testing & Integration

Continuous Homologation

Prototyping + UX Validation

Virtualization + Simulation

Architecture & Platforms
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Thank You!
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What’s next?

SDV Con
Nov 26th, 2024, Heilbronn

SDV Unplugged
Dev 16, 2024

digital.auto garage:  
garage@digital.auto

Stay up to date: Follow us on LinkedIn

Learn more: www.digital.auto
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