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Motivation

Fahrzeugsoftware – 1900 … 2010  
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Motivation

Fully connected,
self-driving car

300  MLoC

Fahrzeugsoftware – 2010 … 2030
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Luxury Car (2015)
Golf  VIII (2022)
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Motivation

Infotainment / HMI

Body

Driving automation

Chassis

Powertrain
Antriebsstrang

Fahrwerk

Karosserie
Comfort

Passive Safety

Cross domain 
applications

Domain-specific 
applications

Ecosystem-
based 

applications
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Anatomie eines Fahrzeugnetzwerks



Motivation

Was ist ein Software-definiertes Fahrzeug?
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Software-Defined Vehicle (SDV)

▪ Vehicle whose features and functions are 
primarily enabled by SW, as a result of the 
ongoing transformation from a mainly HW-
based product to a SW-centric electronic 
device on wheels

▪ Car that keeps improving due to the 
continuous wireless delivery of new SW 
features and updates throughout its lifetime

▪ Vehicle fully integrated into the digital live of its driver

▪ Vehicle design strategy to help enable intelligent mobility rather than one 
specific design

▪ Not just mobility, but an ecosystem with the user at its center

APTIV, 2020; HORIBA MIRA, 202x; BOSCH MOBILITY, 2020; Slama et. al, 2023; PWC, 2024



Herausforderungen

Infotainment / HMI

Body

Driving automation

Chassis

Powertrain
Antriebsstrang

Fahrwerk

Karosserie
Comfort

Passive Safety
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CONWAY’s Law

The structure of any 
system designed by 
an organization is 
isomorphic to the 
structure of the 
organization.

I) Software 1st Mindset and Organizational Culture / Structure
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Herausforderungen

Sicherheitskritische
Funktion
❑ ESC

Nicht sicherheits-
kritische Funktion
❑Wetter-Widget

II) Two Speed Delivery Model

Continous
improvements

Continous
homologation

SDV
Agile,
incremental

Right the 
first time

QM

ASIL



Herausforderungen

❑ Electronic Stability Control (ESC) system

Vehicle

Sensors Actuators
Control /

Monitoring

Plant

Driver
Controls

Environment
Driver



Driver 
Information

Ilya LebedevIlya Lebedev • 2nd2ndTeam, Process & 
Method Architect | MBSE, DE&I & OSS Advocate | 
Technology CounselorTeam, Process & Method 
Architect | MBSE, DE&I & OSS Advocate | Technology 
Counselor1d • 1 day ago • Visible to anyone on or off 
LinkedIn
The biggest blind spot in modern system architecture? 
Real-world physics.

Many may disagree, but experience proves otherwise.

Modern systems are increasingly software intensive, 
yet many traditional companies hire engineers 
without a classical engineering background.

But when these systems meet reality, what surprises 
many is how much they depend on real-world physics. 
This isn’t just about performance – safety can be at 
stake without it. These are often called cyber-physical 
systems.

What makes these systems so special that architects 
must understand them? It’s their real – and perceived 
– system dynamics.

Engineers from software backgrounds tend to think in 
instants. It’s easy: the system issues a command, gets 
a response, and voilà – mission accomplished.

But things aren’t that simple. Every system has its own 
dynamics. Software systems can be seen as truly 
instant – electrical signals race through the CPU, RAM, 
and storage so fast that delay between command and 
action is negligible.

Please don’t throw tomatoes, but only a small fraction 
of modern system architects have experience beyond 
using a Mac or Windows PC. Even those with real-
world system experience often believe abstractions 
alone get the job done.

This mindset leads to unrealistic expectations of 
system behaviour – and ultimately, production bugs.

A practical example is the electronic parking brake 
operation. Modern vehicles have at least two braking 
systems: hydraulic for the service brakes and 
mechanical for the parking brake.

Let’s pretend we have no FuSa, ASIL grades, or 
vendors delivering ISO 26262 certified components –
and try to design things from scratch.

As long as the system has two braking circuits, it 
seems sufficient to expose two functions – ServBrk
and ParkBrk – and operate them independently. That 
gives us three possible states:
◦ ServBrk = Off, ParkBrk = Off – vehicle is movable
◦ ServBrk = On, ParkBrk = Off – vehicle is at a standstill
◦ ServBrk = Off, ParkBrk = On – vehicle is at a standstill
Sounds simple enough. 

To switch from the parking brake to the service brakes, 
you just:
◦ Disengage the Park Brake
◦ Engage the Service Brakes
Sounds logical, right? It should work – no doubt. And it 
does, until it doesn’t.

At some point, what nobody expects will happen: 
between disengaging Park Brake and engaging Service 
Brakes, the vehicle briefly enters a free-moving state. 
It may last a fraction of a second – or sometimes much 
longer.

Experienced engineers know that between these 
function calls, the real-world parts of the system 
change state – and this change is much slower than 
software state change.

But it is easily overlooked by rookies or engineers 
lacking experience with real-world physics. This gap in 
understanding needs to be addressed promptly.

Ignoring physics in system architecture can cause 
serious issues. How do you ensure your designs 
consider real-world dynamics? Have you had to 
consider physics in software-intensive architectures?
Activate to view larger image,

III)  Physics Aware Software and Software Engineers
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❑ Arene OS (Toyota)
❑ Xmart OS (Xpeng)
❑ MB.OS (Mercedes-Benz)
❑ Ford.OS (Ford)
❑ VW.os (Volkswagen)
❑ ASIMO (Honda)

IV) Automotive OS
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Herausforderungen

From different SW stacks in each ECU    …    to a unified SW platform for onboard 
functions 



Herausforderungen

Fully connected,
self-driving car

300  MLoC

V) Make, Buy, or Ally?
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Luxury Car (2015)
Golf  VIII (2022)

100  MLoC



Herausforderungen

VI) Local for Local

WeltAuto

Software 
Stack 1:
China

Software 
Stack 3:
Europe

Software 
Stack 2:

US

❑ China Electrical Architecture 
(VW + XPENG)

❑ 1st Gen E/E Architecture, Next-Gen SDV 
(VW + Rivian)



SDV Herausforderungen

I) Software 1st Mindset and Organizational Culture / Structure

II) Two Speed Delivery Model

III) Physics Aware Software and Software Engineers

IV) Automotive OS

V) Make, Buy, or Ally?

VI) Local for Local
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