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Automotive industry is currently driven by CAUSE Fevio
Demands are being raised in 4 dimensions
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While addressing 4-dimensional demands solution must include FeVio
important growing challenges within Automotive industry

) WIDE RANGE OF MOBILITY @GROWING INFLUENCERS
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Central Gateway

One SOLUTION for all multi-dimensional requirements ) SOFTWARE DEFINED VEHICLE
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Realizing SDV Architecture for future automotive requirements FeVvio

QCOMMON CONSIDERATIONS FOR SOFTWARE DEFINED VEHICLE

IN-VEHICLE COMPUTING EDGE OUTSIDE VEHICLE COMPUTING CLOuUD

COMPUTING 1. Various Computing options

()

2. Cloud native Platform

Application Services Application Services Base Services / 3 VI rtual BUS (Slg nal & SerV|Ce base) &
Bl des e Microservices extensible to Edge and Cloud computing
Microservices Microservices

Virtual Bus

]

e I
HPC SOC HPC SOC Infrastructure

Cybersecurity Functional Safety High Performance Compute Infrastructure Mgmt

Virtual Machines

Application Services Application Services
/ Microservices / Microservices
Base Services / Base Services /
Microservices Microservices

SAFETY APPLICATION

4. Platform & Product level Safety & Security

5. Additional infrastructural support for OTA,
HPC management and development SDK

OTA: Over the Air, SDK: Software Development Kit,, SOC: System on chip; SOA: Service oriented architecture; VM: Virtual machine; HPC: High Performance Computer; MAC 2023 India |5
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FEV Software Defined Vehicle Architecture and Development FeVio
Methodology extends to Edge and Cloud as a scalable platform

Containeriz
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DIGITAL TWIN

IN-CAR SERVICES

VEHICLE TO VEHICLE
VEHICLE TO INFRA

- Cyber Security Functional Safety HPC INFRA MGMT -

OTA: Over the Air, SDK: Software Development Kit,, SOC: System on chip; SOA: Service oriented architecture; VM: Virtual machine; HPC: High Performance Computer;
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Typical EE Architecture by various OEMs for 2024 to 2026

Smaller ECUs Sensors
Actuators

(Optional) Left

Zonal Controller

Central / Gateway

(Optional) Right

= Zonal Controller

BODY ECUs, Body
Sensors & Actuators

Zonal Controller

BODY ECUs, Body
Sensors & Actuators

FeV.o

EPT ECUs, Body
Sensors & Actuators

EPT, CHASSIS ECUs,
Body Sensors &
Actuators
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System & Software Architecture to be design as reusable services FeVvio

@UNIFIED SYSTEM & SOFTWARE ARCHITECTURE

CENTRAL [ ZONAL COMPUTE

Virtual Machine Virtual Machine Virtual Machine

Services Services Services

Applications / Mechatronics Interface

Safety Software & Control
can be dedicated classic
AUTOSAR implementation

MECHATRONICS
ECU

Virtual Bus App & mechatronics
interface is abstracted
automotive specific

interface

Virtual Bus

Adaptive & Adaptive & Adaptive & RTE
Infrastructure Infrastructure Infrastructure

Services Services Services System

HW ABSTRACTION

VBUS helps VLAN
NATIVE DRIVERS & TYPE 1 HYPERVISOR mechanism to have cross
domain control / Security
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HPC SOC

Managing services,
resources and dynamism of
SOA
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Central Compute*

Zone Controller

Local Controllers

Sensors &

Actuators

complex / fleet-
oriented functions

in-vehicle centralized
high-level functions

spatially boxed multi-
domain functions,
I/O concentration

specific & local
single task control

highly specific

*) not necessarily means one single computing instance ("vehicle computer")

Hierarchy levels in modern E/E architecture
How functions can be distributed across computational options

Change

fully scalable,
cloud-native

limited scalability.
high performance

Restricted/medium
performance

restricted
performance

low-level

Internet Protocols

Internet Protocols

Internet Protocols,
classic automotive
(CAN (FD), LIN, ...)

classic automotive

classic automotive

frequent and
continuous update

high update /
change

low update /
change

No/low update /
change

no update /
change
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FeV.o

Next Generation In-Vehicle EE Architecture combines Central, Zonal,

Domain and Legacy Controls

= Features/functions with high demand for
— Computing power, on-chip accelerators
— Updateability / Upgradeability
— Data exchange
= Virtualized cross-domain Application SW independent from HW
— Mixed criticality: safety and non-safety functions
— Service-Oriented Architecture

= Dedicated domain controller with specific requirements (e.g. AD, VMC)
= | ocal cross-domain features/functions on zonal controller

= Simplified / reduced wiring harness

= Transfer zone between service- and signal-orientation

= | egacy sub-systems & ECU (cost, availability, eco-system)
= Smart mechatronics with high demand for

— Safety

— Hard real-time, start-up time
= Signal-based

> 50ms

High Performance Compute

Ethernet
Backbone

Domain / Zonal

Ethernet

CAN
LIN

Mechatronics: Embedded ECUs

(Smart) Actuators / Sensors

MAC 2023 India
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FEV runs a technology initiative for core platform development 0

meeting the SDV targets
KEY VALUES CORE TECHONOLGIES

=

MULTI DOMAIN eg
ADAS PWT and

S

PLATFORM
based on SOC

E/E Consolidation

Infotainment

CONNECTIVITY
Data transfer

UPGRADE/UPDATE
seamless via OTA

=

REAL TIME
capabilities

Feature Increase

Automotive Fit SECURITY &
SAFETY

Compliance

CLOUD HPC
Function Split via
SOA

i &

PROJECT TARGETS

%_.@% Manage System Complexity
Via consistent SE for SW & EE design

° ..~ Increase Software excellence
.o Usage of Cloud native design principles,
app abstraction, virtualization and new SW
frameworks to run cross domain
applications

(Re)- Engineer of (legacy) features from
different domains into SOA architecture

Create E2E understanding of

o' the dataflow
©-L_©» Buildup of cloud backend, middleware
( on-/offboard) and virtual bus

Extend skills in automotive
55w

~© grade development
Analysis and Implementation of safety
& security mechanism



SDV Demonstrator

Scalable, modular demonstrator to
test, improve and showcase the
project objectives

Demonstrate mix criticality
load on HPC

% Redesign legacy functions into

SOA Architecture

“ Create virtual bus for maximal
abstraction of SW
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Migration of Legacy Function to SoA: E-Drive Torque Path Arbitration
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Gear Mode

VCU-VM

ECO

Input

Processing

Drive Mode

Accelerator Pedal

ACC

<%7<_

Brake Pedal

VVY

Activation

|

J fi \ CARLA
Current Vehicle Velocity SIMULATOR
e

Resultant Torque
Torque ®45 Demand
Request 1 Calc

Percentage Torque Demand i i

@ Cruise Control Torque

MATLAB 4\

SIMULINK'

" | Cruise Control Torque

ACC On/Off

ADAS-ACC-VM

VCU ACC Activation Status
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Integration of vehicle function in VCU Cluster on HPC with
Autosar Adaptive for SOA architectural design

VECTOR D> MATLAB AUTOSAR

PREEvision SIMULINK Adaptive Platform

Service Service
Interface Interface
Definition Binding

Software
Design

Service
Definition
Software
Hardware

Mapping

Service Communication
Instantiation Design

Hardware

Design Network Design

Legacy to SOA architecture approach:

SYSTEM DESIGN SOFTWARE DESIGN INTEGRATION:
— Use Cases elaboration — Service Architecture Definition — Application implementation
_  Features definition — Application Design in MATLAB/Simulink — Integration with Vector Adaptive Stack
— Requirements derivation — Signal Modeling including timing req. — Deployment of QNX OS and Hypervisor

analysis — Set up of HIL Demo

— Deployment configuration of Autosar
Adaptive stack

— System design



Continuous
improvement along
the entire workflow

via consequent
monitoring of best
practices and
lessons learned

FeV.o

Service Oriented Test Simulation Development

Fev

Services Deployment

» [
Fev

Application Deployment on HPCs

Fev

PREEvision - SoA and Ethernet Modeling workflow using AUTOSAR Adaptive

b\
Adaptive AUTOSAR Application Design
b\ N
Adaptive AUTOSAR Software Modeling Fev
Services and Interfaces Design Fev
Network Architecture A— Fev
High Performance Computer Modeling d Fev

-y
==

Fev

ned in PREEvision,
-03 to R20-11

properties. Thus, r
aVinci Adaptive

group names in
achineFG' and
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Adaptive AUTOSAR: FEV Partnership Landscape

BASE PLATFORM

SCALABLE APPROACH

MATLAB' 4
SSIMULINK

EXPLOITATION ROADMAP

2023
@ Base Platform High
. Functional Safety Mid
@ Cyber Security Low

@ Over The Air Update Mid

Ref: autosar.org

2024
High

High
Mid

High

FeV.o

Legend

AUTOSAR Adaptive Platform o " -
. u Mon-PF Service Func. Cluster Funi. Cluster
Logical view
Adaptive " Adaptive Adaptive V"  Adaptive ® ASW::XYZ ASW:XYZ
Application Application Application Application Non-PF Service Non-PF Service
Uszer Applications
ara::com . ara::rest . ara::time ara::state service ara::diag service ara::adi service
Communication Mgnt. RESTful Time Synchronization State Diagnostics Automated Driving
Managemen Interfaces
[+ 8
g g EE ara::per ara::phm VECTOR > b .
= Persistency Platform Health Mgnt.
ara::s2s service ara::nm service
ara::core ‘ ara::exec ara::lam ara::log Signal to Service Network
Core Types Execution Mgnt. ™  Identity Access Mgnt.  Logging & Tracing Mapping . Management
.. POSIX | C++ 8TL ara::crypto ara::ucm service
QAN Operating System . Cryptog raphy‘ Update and Configuration Management ‘

AUTOSAR Runtime for Adaptive Applications (ARA)

LENESAS

KO

« SOVD (Service Oriented Vehicle Diagnostics) -> Currently creating production specification

MAC 2023 India |19
© by FEV - all rights reserved. Confidential — no passing on to third parties



Realizing the Legacy Functions as Adaptive SWC in Simulink

SIMLUILATION

rgqPathApp * - Simulink

MODELING

FORMAT

|a|.|

FeV.o

= - NP
Viewl [EE AUTOSAR Dictionary: TorgPathApp

o?
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v @@ Service Interfaces
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> B 5| Cruiseciriig
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% sl Drivetode
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a Evenis
E Methods
Gbe] Mamespaces
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View and Edit XML Options
XML Options Source:

Exported XML File Packaging:

Package Paths
Datatype Package:

Interface Package:

Additional Packages
ApplicationDataType Package:
SwBaseType Package:
ConstantSpecification Package:
Physical DataConstraints Package:
Unit: Package:

SwRecordLayout Package:
Internal DatConstraints Package:

Additional Options
ImplementationDataType References:
SwialibrationAccess Default Value:
Internal DataConstrainks Export:
Identify Service Instance Using:

Get < FAVORITES
Add-Ons = *
EMVIROMMENT
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Hl = Test
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B — Componen: e
E - AUTOSAR Component Designer - Create AUTOSAR compg AR
i} MODEL Vi TEST ‘ot
E = @ @ ﬁ D Code for @ =1
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FeV.o

Adaptive AUTOSAR compliant C++ Code Generation in Simulink

PathApp * - Simulink

AUTOSAR-compliant code (autosar.tic)

AUTOSAR

O

ci AUTOSAR Adaptive

AUTOSAR-compliant C++ code (autosar_adaptive tic)

SIMULATION

Simulation Only
I Model intended for simulation only,

[ select System Target File...

| AUTOSAR Adaptive - AUTOSAR-compliant C++ code (autosar_adaptive.tic)

,Ef @ & Code for @ =1 B openReport ~+ e
AUTOSAR Quick C/C++ Code Settings Code TorgPathApp Generate View & Remove Highlighting Share
Adaptive + Start Advisor + - Interface - Code Code -
SELECT OUTPUT DE RESULTS SHARE
AUTOSAR

PRS-

»

e T/
‘—'....—."\"] o N———
L=} [
= 7] il =
[ e | (-
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— e | pens
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@
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AUTOSAR

Code for
AUTOSAR Quick /C++ Code  Settings Code TorqPathipp |
|Adaptive - Start Advisor = - Interface -
=] OUTPUT | ASSISTANCE PREFARE GENERATE CODE
5 TorgPathApp
E @ |[*alTorgPathapp »
o
]
L
£ =
5
-5 | E

ey

Code Mappings - Eompanent Interface

% [g——
B == cvvmsreem -2

PP == oo |

e —

R~ —

DS |

[, ——

= 1

2]

[ e T

Interface,

||

e

Generate

Code ~ Code

& Configuration Parameters: TorqPathApp,/QuickStart_50023_1_31_20_48_37302 (Active)

Q¢

Solver
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Model Referancing
Simulation Target
¥ Code Generation
Optimization
Report
Comments
Identifiers.
Custom Code
Interface
Code Style
Verification
Templates
Code Placement
Data Type Replacement
AUTOSAR Code Generat...
Coverage

=] B Open Report =
View % Remove Highlighting ~ Share

o

- ]
Target selection
System target file autosar_adaptive tic Browse...
Description AUTOSAR Adapltive
Shared coder dictionary Setup...
Language: Ca4+ -
Language standard C++11 (IS0) -
Build process
Generate code only
Package code and artifacts
Toolchain: AUTOSAR Adaptive | CMake |-
Build configuration: |Faster Builds | >
» Toolchain details
Code generation objectives
Prioritized objectives. Execution efficiency, RAM efficiency Set Objectives
Check model before generating code.  Off w | | Check Model.

¥ Advanced parameters

[] Built-in FFTW library callback

e cancar L[ yan |
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