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Software defined vehicle

KEY ASPECTS DEFINITION QUOTE
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Benefits of SDV
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Vehicle architecture

Hardware and E/E layer

Mobility ecosystem

SDV architecture highlights

) Domains pomains | * Includes in-vehicle and cloud
o->| In-vehicle layers 42| Cloud layers components
Connectivity Services i
= update mgt Backend » Separation of hardware and software for
% L 'A3) o rapid updates and hardware-
o Application ADASIADS Application independent software operations
g and UX? ‘\ Motion and and UX P P
s Extended services energy »;\:rt]%rrr;?t;vge:;r:& ; . Sepa.ratlon is ac.hleved through a layered
and data Infolainment services and data :rcglrt;;tlg:: akin to those used by
Basic services and body Basic services and P
and 0s? cloud OS » Enables modular development of
""""""""""""""""""""""""""""""""""""" software, together with other players
Compute Data center L ) .
« Applications and functionalities are
Zone and Communication created by combining underlying

communication infrastructure services across layers
Sensor/actuator & E:r‘]'gi?lnmemal . Serwce_s are used across and within
9 layers via standardized APIs%

Digital lifecycle management (incl. continuous integration)
Development and test environment / end-to-end toolchain
Safety and security management

defined

the automotive industry [ = Access via standardized interfaces 1) UX = User 2)0S = Op g system 3) ADAS/AD = Advanced driver-assistance system November 2024
Strategy& 4) API = Appli progi 6
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PwC, 2024, What is an SDV (Software Defined Vehicle)? Defining SDVs beyond just vehicles, Shinichiro Watanabe and Shuhei Itoda, available at
https://www.pwe.com/jp/en/knowledge/column/definition-of-sdv.html


https://www.pwc.com/jp/en/knowledge/column/definition-of-sdv.html

CODE4EV: key facts

?f software-defined vehicles (SDVs) play a crucial role
— in the automotive landscape of the future

&= ) 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

@ 14 partners from eight European countries

~

Project consortium

Technical University of Ilmenau
AGH University of Krakow
Armengaud Innovate

Aptiv Services

Austrian Standards International
BET Motors
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Elaphe Propulsion Technologies
FAE Technology
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Université de Lille
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CODEA4EV: objectives

Not New SDV but Design Process

Key Infrastructures

Objective 1: Digital design tools and
trustworthy development methodology

Objective 2: Architecture and
components of electric SDV

Objective 3: Use Cases of

electric SDV

Objective 4: Virtual, hybrid and full-scale
demonstartors of electric SDV

2

Asset 1: Collaborative
Development Framework

CODE4€EV

Asset 2: Tailored Electric
SDV Architecture

05

- e J&
Asset 3: Optimal Powertrain Asset 4: EV Health Asset 5: Smart Motlon
Control

Design & Control

Monitoring & PM

Replication |

End-users
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CODEA4EV.
CoDe-Framework - Concept

T

AGENT 1 AGENT N Safety critical apps Non-safety critical apps
T rppYT D Application Layer ] r - : - —
Ags\ll';’:t"z" Application Application (simulation, HW testing, Software  i| Motion Control |:| Health Monitor EV Optimiser
( ) . (SW/HW) : . (SW/HW) : virtual components) asaservice || (UseCaselll) |i| (UseCasell) (Use Case l)
— ! I ! I e | gg
Interface Layer
P— + i i 3t Platorm I ] :
Communication Communication Communication Communication Layer as a service :
Protocol _Protocol _ Protocol (apps-specific) Vehicle Operating System g
e t i i i -
Gateway Gateway Gateway Link Layer g
* . * . ; Computing ]
1 : . : é
VLAN for remote, distributed and shared processes
| | Infrastruct.ure Data & Power Distribution 1
as a service 5
* (Real-time) connection of labs, testing facilities, and e, P D AR
developers in different geographical locations i

* 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



CODEA4EV.:

CoDe-Framework - Realisation

Data \\

(e

Global SDV
Architecture

Agent (Lille)

e

Agent (Ljubljana) Agent (Graz)
- ”‘(
Data-driven Systems Health
Optimisation Monitoring

Demonstra>t:rs / Test

Digital Twins

Agent (Saragossa)

=

Smart Motion
Control

* Preliminary five connected hosts
* Ilmenau 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

p—

Use Case I: Data-driven EV Optimisation &

Use Case lI: EV Health Monitoring and Predictive Maintenance

\
. Component Level | | System Level I I Vehicle / Fleet Level
| Vehicle Level | | Cloud Level | | User Level | I P y
I3 Communication
H PCU P module
i 7 On-board }--------! -
H -- CAN -, i 5G/6G --- 5G/6G --- CAN g
network End-user
4 Communication / 1 data inter- i infrastructure
CAN edge computing module A A - . rogation 5666
y % . and health
; Cloud & loT ecosystem 2 Log bl
% TestEV \ problem
g NS detection
< | Powertrain sensors H@ AN CIu d &Io
User interface / Operation centre - ecosystem
Focus of CODE4EV Focus of CODE4EV
&\ =) Use Case lll: Smart Motion Control
Vehicle Level Cloud Level

module

Communication

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