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Software defined vehicle

KEY ASPECTS DEFINITION QUOTE

vehicle development an automobile that relies on “It isn't about the bits and bytes or
integration of software digital technology the number of sensors and
development methodologies all functionalities incl. driving, sueR IS S e

. . nl
entertainment, communication, experiences we build.

safety and comfort are enabled,
managed, controlled and
value delivery shift toward customized through software

customers —
‘ ’ optimization of

vehicle lifecycle
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mechatronic
platforms
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Benefits of SDV
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Vehicle architecture

Mobility ecosystem

SDV architecture highlights

) Domains Domains Includes in-vehicle and cloud
| In-vehicle layers 42| Cloud layers _ components
Connectivity Services .
. update mgt. Sackend Separation of hardware and software for
_%‘ N A o acken rapid updates and hardware-
Application ADASIADS Application . .
o and Ux1 and UX independent software operations
% Mation and ) o _
Extended services energy ﬂ:;%rpa?téﬁ;]rgé 4 Sepa_ratlon IS ac_hleved through a layered
» and data Infotainment gervi[:es and data :rchltectlu re akin to those used by
erscalers
Basic services and body Basic services and P

layers via standardized APIs¥

and OS2 cloud OS Enables modular development of
™ .. i W - e software, together with other players
% Compute / Data center o i .
w Applications and functionalities are
o Zone and Communication created by combining underlying
E communication infrastructure services across layers
o \ ; ; e
g Sensor/actuator \ Eg:;fiﬁ"memal Services are used across and within
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Digital lifecycle management (incl. continuous integration)

Development and test environment / end-to-end toolchain
Safety and security management

Software-defined vehicles — revolutionizing
the automaotive industry

Strategys 4) AP| = Application programming interface G

@ Access via standandized interfaces 1) UX = User experience 2) OS = Operating system 3) ADAS/AD = Advanced driver-assistance system November 2024

PwC, 2024, What is an SDV (Software Defined Vehicle)? Defining SDVs beyond just vehicles, Shinichiro Watanabe and Shuhei Itoda, available at
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
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CODEA4EV: key facts

software-defined vehicles (SDVs) play a crucial role
In the automotive landscape of the future

\‘\’@ X /’/
=

&= ) Development of digital design tools and a reliable
= methodology for electric SDVs in 3 use cases:

* Collaborative Development Framework

* Tailored Electric SDV architecture

* Optimal Powertrain Design & Control

* EV Health Monitoring & Predictive Maintenance

e Smart motion control
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CODEA4EV: key facts

@ Started in January 2025

Project duration 36 months
Coordinated by TU Ilmenau, Germany
Costs of the project amount € 4.995.981,25

~

/"2{\\ 14 partners from eight European countries
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Project consortium

Technical University of Ilmenau
AGH University of Krakow
Armengaud Innovate

Aptiv Services

Austrian Standards International
BET Motors

Elektrobit Automotive

Elaphe Propulsion Technologies
FAE Technology

Heron Sports

Instituto Tecnoldgico de Aragon
Siemens

- TTTech Auto

Université de Lille

Industrial Advisory Board
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ZF-TRW

FEDERATE

Sarolea Motorcycles
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CODE4EV: objectives

Not New SDV but Design Process
Key lnrastructures Objective 1: Digital design tools and Objective 2: Architecture and

trustworthy development methodology components of electric SDV
Objective 3: Use Cases of Objective 4: Virtual, hybrid and full-scale
electric SDV demonstartors of electric SDV

2

Asset 2: Tailored Electric
SDV Architecture

05
CODE4EV | ¥ <2

Asset 3: Optimal Powertrain Asset 4: EV Health Asset 5: Smart Motlon
Design & Control Monitoring & PM Control

Asset 1: Collaborative
Development Framework

1IN

IT Sector

End-users Technology Providers Research Pollcy Makers General Public
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CODEA4EV.:
CoDe-Framework - Concept

Communication

Application
(SW/HW)
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Application
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Application
_ (SW/HW)

Communication

Application Layer i
(simulation, HW testing, |
virtual components)

Interface Layer :
(e.g., FMI, middleware, ...) |

Communication Layer

i Safety critical apps Non-safety critical apps
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Software | Motion Control |:[ Health Monitor EV Optimiser
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Protocol _ Protocol _ Protocol (apps-specific)
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Gateway Gateway Gateway Link Layer 5
. - § : Computing
T (] T || ¥ EFErrerrrerere L e S
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VLAN for remote, distributed a71d shared processes

i Infrastructure

) Data & Power Distribution
ds a service

* (Real-time) connection of labs, testing facilities, and

developers in different geographical locations
* Manager - cloud-based hub with global vehicle model and emulated on-board software

(VehicleOS, middleware, apps et al.)
* Agents - local hosts that can (i) replace a system in the global vehicle model with real hardware on

the test setup, or (ii) replace components of emulated SW with own blocks / apps

Sensors, Peripherals & Actuation

CODE4EV



CODEA4EV:
CoDe-Framework - Realisation

Agent (Ljubljana)

Data-driven
Optimisation

Agent (Graz)
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Agent (Lille)

-

Digital Twins
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Global SDV
Architecture
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Systems Health
Monitoring

Cloud

Smart Motion

Control

* Preliminary five connected hosts
* |lmenau as “manager”
* Ljubljana, Graz und Saragossa as Use Case
owners (incl. hardware components)
* Lille as digital twinning of Use Cases
* Performance of available Internet-based
communications confirmed in previous
studies, e.g. round-trip time for soft-RT
applications (< 80 ms)
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CODEA4EV: Use Cases

e ———

Use Case I: Data-driven EV Optimisation == Use Case II: EV Health Monitoring and Predictive Maintenance

Component Level | I System Level | | Vehicle / Fleet Level

I I Cloud Level I | User Level I I

Communication

On-board }--------- 7

dnft"_wt’k AN End-user
ata inter- i infrastructure
rogation 5646

C'A,W and health

Cloud & loT ecosystem

< - o problem 56/
LN D detection 7T 66
Powertrain sensors ‘3"* e
User interface / Operation centre I l_@ CAN 2'::: s&‘:;r
Focus of CODE4EV Focus of CODE4EV y
Use Case lll: Smart Motion Control
Vehicle Level Cloud Level

Communication
module

Cloud & loT ecosystem
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CODE4V: Hardware for Data
Collection and Demonstration

\
!




CODE4EV

Dariusz Marchewka
AGH Univeristy of Krakow
dmar@agh.edu.pl

Valentin lvanov
Technische Universitat Ilmenau

valentin.ivanov@tu-ilmenau.de

Eric Armengaud
. Armengaud Innovate GmbH
At Funded by eric@armengaud.at
/ B the European Union

CODEA4EV is a selected project from the 2ZERO partnership. Funded by the European Union under the Grant Agreement No. 101192739 . Views and opinions
expressed are however those of the author(s) only and do not necessarily reflect those of the European Union or the European Climate, Infrastructure and
Environment Executive Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.



mailto:dmar@agh.edu.pl
mailto:dmar@agh.edu.pl
mailto:valentin.ivanov@tu-ilmenau.de
mailto:valentin.ivanov@tu-ilmenau.de
mailto:valentin.ivanov@tu-ilmenau.de
mailto:eric@armengaud.at

References

* Slide 2:
[1] European Climate, Infrastructure and Environment Executive Agency (CINEA), ,,EU Road Safety: Towards Vision Zero”, 2022. doi: 10.2840/701809 Online]:
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
[2] United Nations Framework Convention on Climate Change (UNFCCC), 2015, Paris Agreement,
https://unfccc.int/sites/default/files/english_paris_agreement.pdf, accessed on 2025-04-16.
[3] European Commission (EC), 2019, The European Green Deal, COM(2019), 640 final.
[4] EU, 2025, European Climate Law, https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=legissum:4536626, accessed on 2025-04-16.
[5] European Commission, 2021, Fit for 55: delivering the EU’s 2030 Climate Target on the way to climate neutrality, COM (2021), 550 final.
[6] European Commission, 2020, Sustainable and Smart Mobility Strategy — putting European transport on track for the future, COM (2020), 789 final.
[7] European Commission, 2016, A European strategy on Cooperative Intelligent Transport Systems, a milestone towards cooperative, connected and automated
mobility, COM (2016)766
* Slide 3:

[8] O'Reilly Media, Inc., 2023, The Software-Defined Vehicle by Dirk Slama, Achim Nonnenmacher, Thomas Irawan, ISBN: 9781098157807 available at
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/

[9] Strategy & PwC, 2024, Software-defined-vehicles — revolutionizing the automotive industry, available at
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html

 Slide 4:

[10] PwC, 2024, What is an SDV (Software Defined Vehicle)? Defining SDVs beyond just vehicles, Shinichiro Watanabe and Shuhei Itoda, available at
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html

[11] Elektrobit, Levels of software-defined vehicles, online, available at
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
* Slide 5:

[12] PwC, 2024, What is an SDV (Software Defined Vehicle)? Defining SDVs beyond just vehicles, Shinichiro Watanabe and Shuhei Itoda, available at
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html

CODE4EV


https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://cinea.ec.europa.eu/publications/eu-road-safety-towards-vision-zero_en
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://unfccc.int/sites/default/files/english_paris_agreement.pdf,%20accessed%20on%202025-04-16.
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.oreilly.com/library/view/the-software-defined-vehicle/9781098157814/
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html
https://www.strategyand.pwc.com/de/en/industries/automotive/software-defined-vehicles.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.elektrobit.com/tech-corner/levels-of-software-defined-vehicles/
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html
https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html

	Slajd 1: CODE4EV: Collaborative Development Framework for Electric Software-defined vehicles
	Slajd 2: Evolution of the automotive industry
	Slajd 3: Software defined vehicle
	Slajd 4: Benefits of SDV
	Slajd 5: Vehicle architecture
	Slajd 6: CODE4EV: key facts
	Slajd 7: CODE4EV: key facts
	Slajd 8: CODE4EV: objectives
	Slajd 9: CODE4EV: CoDe-Framework - Concept
	Slajd 10
	Slajd 11: CODE4EV: Use Cases
	Slajd 12: CODE4V: Hardware for Data Collection and Demonstration
	Slajd 13
	Slajd 14: References

