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Accelerating Open SDV Innovation

with SoDeV on Raspberry Pi
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About myself(Yuichi Kusakabe)

2005/4 Automotive Tierl inJapan
e Renesas H8S AVN power control(Non-0S) SPDX
e Panasonic UniPhier USB-Audio(Fastest in the industry with HDD transfer function) LITE
2009/12 Working together with in Japan OEM
m Engaged in the R&D of SoC for next-generation IVl and multimedia OS
2011/1  Paradigm shift to use OSS COJ) COJ)
e Renesas RMA1 Linux-PF Project Leader, AGL Board Member OPENCHAIN
e Renesas R-Car M2/H3/M3 Fast Boot, Java, HTML5 browser
2020/6 Join Honda Motor in IVl software development team
e Qualcomm SA8155P AAOS based IVI Lead Architect
2024/4 Launched Honda OSPO(Open Source Program Office)
e SDV(Software Defined Vehicle) SW Chief Architect and OSPO Tech Lead
e Xen Board Member, ELISA and Zephyr Member

OPENCHAIN
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automotive industry



Background to software changes in the automotive industry

GRADELINUX

e Shift 1: Hardware = Software-Defined Vehicle

e VVehicle value shifts from hardware to software

* Shift 2: Close - Open Standards & Consortiums

* Siloed, proprietary systems limit scalability

* Shift 3: Linear Supply Chain - Ecosystem
* The traditional OEM and Tier 1 hierarchy is changing



Shift 1: Hardware — Software-Defined Vehicle L

GRADELINUX

* VVehicle value shifts from hardware to software

* Functions are defined and updated by software
e Over-the-air (OTA) updates enable continuous evolution

* The vehicle becomes a software-driven platform



Shift 2: Close - Open Standards & Consortiums o)

GRADELINUX

* Siloed, proprietary systems limit scalability

e Common data models and APIs enable interoperability
* Industry consortiums (e.g., JasPar) drive standardization

* OEMs focus on differentiating software and services
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Shift 2: Close - Open Standards & Consortiums ot e

GRADELINUX

- — | f-Access API (Under dlscusswn)
[ -JﬁﬁEﬂLACCESS APl ﬁ > .« Abstracted APIs (Abstract data structure (veh|cle S|gnals)

Accessubramll RO O ov mio usaienly By
| | |

_JasPar Signal AP, | & ﬁ > | S:gnal API
: : = Access Veh|cle S|gnals : : :
~+ « Vehicle Signals are created based on COVESA VSS
: (standard|ze S|gnals -for vehicle sensor/actuator)

> |
. - PAL: P Platform Abstractmn Layer
. Abstract OEMS_ Mlddleware/OS |
_laspa‘? © 2025 JAs;PAn All kights Réserved. 10

https://eclipsesdv.org/wp-content/uploads/2025/12/Yasushi-Ando-API-Standardization-in-JASPAR-for-SDV.pdf
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Shift 3: Linear Supply Chain - Ecosystem Ao

* The traditional OEM and Tier 1 hierarchy is changing

* Semiconductor, cloud, and software players gain importance
* Value is created through cross-industry collaboration

* OEMs increasingly act as ecosystem orchestrators



Shift 3: Linear Supply Chain - Ecosystem Ao

Linear Supply Chain

gl

Ecosystem Collaboration

Tier 1Supplier Tier 1Supplier j/‘

i i | it | % Vendors
Tier2Supplier | Tier 2 Supplier ‘k-
R R R R s, S O

\ !
\ !
| |
\ !
. i e el il
\ !
\ 1
\ I
\ 1
| m |



N\ mmmm

= = MAY 13 — 14, 2026

®
AUTOML TIVE
GRADE LINUX TOKYO, JAPAN

ALL MEMBER MEETING

Why open source is important



A Lots of OSS communities involved in SDV oy

GRADELINUX
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L. =l COMPUTING FOUNDATION PyTO rch N\

AUTOMLTIVE

> GRADE
(fi an“SSF YOCtO ’ Automotive Grade
o)

PROJECT Linux (AGL)
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https://www.linuxfoundation.org/projects
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Xen is an open source, bare metal
hypervisor. It runs as the most
privileged piece of software, and
shares the resources of the hardware
between virtual machines.

In Xen terminology, there are domains,
commonly abbreviated to dom, which
are identified by their numeric domid.

When Xen boots, domO is
automatically started as well. DomO is
a virtual machine which, by default, is
granted full permissions

J

g XXen
DomO DomU DomU
Systems Services Applications Applications
T e = -y = L, " S oo aw o TN o e e e aw L, " TS o o e T
| Kernel Kernel Kernel
I
[ Net Block Net Block Net Block
I L VAN | VAN AN
it as 2
|
|
| Xen
l T e mm e y o TE o, oy s Ea oy hBa gy P hm o Ea O EE I S B S Iy e e
NIC Disk Hardware

https://xenbits.xen.org/docs/latest/admin-guide/introduction.html
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Functional safety

With sponsorships from the likes of AMD, we’re on a mission to

align Xen with top safety standards, includingllISO 26262 ASIL DI
and IEC 61508 SIL 3.

Initiatives like the MISRA C course for community members and
striving for MISRA C compliance in the Xen upstream codebase
underscore our dedication to ensuring Xen’s role in safety-critical

environments.

Xen is not just a technology; it’s a vision coming to life, shaping

the future of embedded systems, and redefining what’s possible.

https://xenproject.org/projects/embedded-and-automotive/

Xen Project’s Progress
Toward Safety Certification

Stefano Stabellini
Fellow at AMD
Xen Hypervisor & Linux Kemel Maintainer

Roberto Bagnara — BUGSENG
Ayan Kumar Halder — AMD

Senthil Rajagopal - AMD AMD
ogether sve acvance
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0 The Final Phase of Xen Safety: Solving Coverage and Residual Gaps - Stefano Stabellini, AMD

Click here to remove from My Schedule.

Wednesday May 20, 2026 11:55am - 12:35pm CDT
@ 200C (Level Two)

AMD, in collaboration with the Xen community, continues to advance efforts to make the Xen hypervisor safety-certifiable to 1SO 26262 ASIL D and IEC 61508
SIL 3. The project has progressed from Safety Concept Approval toward the final certification phase.

This presentation will share practical lessons learned, including how we structure requirements and architecture specification documents to make them easier
to review for Open Source experts. It will describe the tools and processes we use to maintain end-to-end traceability and explain how we leverage GitLab to
automate requirements-based testing and verification pipelines.

We will also address the remaining challenges on the path to completion, including code coverage and FMEA. In particular, we will explain why achieving
comprehensive code coverage is uniquely challenging for a widely used Open Source project such as Xen and outline the strategies we are applying to meet
100% code coverage targets.

Finally, we will describe our approach to FMEA (Failure Mode and Effects Analysis) and how it evolved to better align with existing upstream Xen failure-
handling practices.

Speakers

Stefano Stabellini
Fellow, AMD

Stefano Stabellini is a Fellow at AMD, where he leads system software architecture and the virtualization team. Previously, he developed a virtualization-
based security solution for containers and authored several security articles. Stefano has been involved in Xen development since... Read More —

Safety-critical Software

https://sched.co/2J0OxS
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Architecture

"_rig_th_eEEht__ké'-nE_I R supporting drivers
and services

e Portable, secure, power-efficient

e Highly connected
Bluetooth 5.0 & BLE
Wi-Fi, Ethernet, CANbus, ...

o © o ©

USB & USB-C

https://zephyrproject.org/

Application J

High-level API (ex. Smart Objects)

loT protocols: CoAP, LwM2M, MQTT, OpenThread, ...

i Connectivity

WebSocket

Device
Management

Low-level API
Low-level OS Services
-~ o
File System Settings | 8
State Machine 3
Watchdog IPC ' e
& =
(0 Kernel
Architecture Intcrfau
| Interrupt Handlmg Fault Management Cache Management
& e —

Hardware Abstraction Layer (SoC vendors)

Hardware Platform
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Zephyr Initial Certification Focus P4 Zatiyi?
e Start with a limited scope of kernel e T =T
. [ecwal Services;
and interfaces m— .
e Initial targetis IEC61508 SIL3/SC3 || == — mom oo | | 2
(IEC61508-3, 7.4.2.12, Route 3s) Fon— | e
s | [ e e
e Option for 26262 certification has — = —
been included in contract with T — S—
certification authority should there ] ] == |
be sufficient member interest bl | e |
Starting scope

Scope can be extended to include additional components with associated
requirements and traceability as determined by the safety committee

https://sched.co/1urXZ
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Enabling in

The Enabling Linux In Safety Applications (ELISA) ELISA

Applications

* How to achieve safety?

* Example use case: Tell tale for instrument cluster.

| Tell tale is drawn by
What is best solution? woadomtedrunctonaivona _the hardware
Create common tell tail monitoring interface LTIt ed domain.
between DemD and DomU?

Others? o -

rd
. i
IC Graphical ADAS

e
Stack Stack ICRT /

Stack yd

Virtlo- Virtlo- Unified HMI
Compliant Compliant
SoCBSP SoCBSP

Micro Controll

\ rtlOFE VirtlO FE VirtlO FE VirtlO FE

Type 1 Hy, : :
SR Set monitoring
‘ingle SoCHPC, Multy, "9C HPC, Pt s e sinhnaid CoTaie T

- Tell tail

checker

https://If-automotivelinux.atlassian.net/wiki/spaces/VE/pages/602996743 /AGL+SDV+Reference+Platfrom+-+SoDeV
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-What is VirtlO (a standardized device virtualization
technology)

VirtlO is an open standard for device I/0 in virtual
environments. It allows the same drivers and device
models to work across different operating systems,
hypervisors, and hardware. The specification is
developed and maintained as an international
standard by OASIS.

-OASIS activities: defining and maintaining the VirtlO
specification

OASIS operates the Virtual I/0 Device (VIRTIO)
Technical Committee.This committee publishes and
updates the VirtlO specifications (such as VirtlO v1.1
and v1.2) as official Committee Specifications.This
ensures an open, neutral standard without vendor
lock-in.

QOASIS OPEN
Virtual I/O Device (VIRTIO) Version 1.2

Committee Specification 01
01 July 2022

This stage:

https://docs.oasis-open.org/virtio/virtio/v1.2/cs01/tex/ (Authoritative)
https://docs.oasis-open.org/virtio/virtio/v1.2/cs01/virtio-v1.2-cs01.pdf
https://docs.oasis-open.org/virtio/virtio/v1.2/cs01/virtio-v1.2-cs01.html

Previous stage:
https://docs.oasis-open.org/virtio/virtio/v1.2/csd01/tex/ (Authoritative)
https://docs.oasis-open.org/virtio/virtio/v1.2/csd01/virtio-v1.2-csd01. pdf
https://docs.oasis-open.org/virtio/virtio/v1.2/csd01/virtio-v1.2-csd01.html
Latest stage:
https://docs.oasis-open.org/virtio/virtio/v1.2/virtio-v1.2.pdf
https://docs.oasis-open.org/virtio/virtio/v1.2/virtio-v1.2.html

Technical Committee:

OASIS Virtual I/0 Device (VIRTIO) TC

Chairs:

Michael S. Tsirkin (mst@redhat.com), Red Hat

Cornelia Huck (cohuck@redhat.com), Red Hat

Editors:
Michael S. Tsirkin (mst@redhat.com), Red Hat
Cornelia Huck (cohuck@redhat.com), Red Hat

https://www.oasis-open.org/committees/tc_home.php?wg abbrev=virtio#overview
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VirtlO support for Xen

ARM: Add “tech preview” implementation for VirtlO. Xen now includes full support for VirtlO on embedded systems, on ARM,
for the virtio-mmio transport, allowing a wide range of VirtlO devices to be supported. This includes front-end support in Linux,
toolstack (libxl/x]l) and domOless support, and a userspace backend. Currently, the following stand-alone backends are

available and have been tested: virtio-disk, virtio-net, i2c, and gpio.

Industry OS Industry OS . Industry OS
(AGL, Android, (AGL, Android, Identical Software (AGL, Android,
Arene...) Arene...) (Binary Compatible) Arene...)

= = TVTUO realizes .

SoC A (VendorA)

%
N\
Powerful Purely

Physical Hardware I . ;
Toolchain Virtual Hardware

https://sched.co/1uFjM
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What is Automotive Grade Linux?

Automotive Grade Linux is a collaborative, open source project that brings together automakers, suppliers,
and technology companies for the purpose of building Linux-based, open source software platforms for
automotive applications that can serve as de facto industry standards.

AGL address all software in the vehicle: infotainment, instrument cluster, heads-up-display (HUD),
telematics, connected car, advanced driver assistance systems (ADAS), functional safety, and autonomous

driving.

Adopting a shared platform across the industry reduces fragmentation and allows automakers and suppliers
to reuse the same code base, which leads to rapid innovation and faster time-to-market for new products.

AGL is a Linux Foundation project and its goals are as follows:

« Build a single platform for the entire industry

‘ « Develop 70 to 80% of the starting point for a production project
» Reduce fragmentation by combining the best of open source

« Develop an ecosystem of developers, suppliers, and expertise that all use a single platform

You can find additional overview information on the "About Automotive Grade Linux" page. You can find
information on the AGL Unified Code Base on the "Unified Code Base" page.

https://docs.automotivelinux.org/en/salmon/
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Charter: AGL is “Code First”

* AGLis a Linux Foundation Open Collaborative Project
* Leverage Linux and Open Source technologies

* Build standardized platform(s) and app framework for the
entire industry and for all functions in the vehicle

* Develop ¥80% of the starting point for a production project
* AGL is a “Code First” organization
* Work with upstream projects

* Educate the industry in open source collaboration and best

practices

< I

L] LINUX " N\

FOUNDATION Slide 7 élég\%g".lTlVE

http: //events17.linuxfoundation.org/sites/events/files /slides/ALS%202016%20-%20Intro%2 0to%2 0AGL%2 0-%2 OFinal.pdf




AGL SDV Expert Group L
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e VirtlO available in UCB for hypervisor use cases

* Non-hypervisor (loopback) use cases complete for Quillback

e Unified HMI — Virtual display used by different ECUs based on VirtlO (Panasonic)
e SDV reference PF under development

Charter

The AGL Software Defined Vehicle (SDV) Expert Group (SDV-EG) (formerly known as Virtualization
and Containers Expert Group (EG-VIRT)) is responsible to design and implement virtualization
solutions for AGL. Containers, Hypervisors (both based on Virtualization Extensions and TrustZone)
and any other virtualization solution for x86/ARM are considered to be of interest for this Expert
Group. The AGL Unified Code Base (UCB) supports the KVM hypervisor on the Renesas RCar M3
platform.

The SDV-VIRT expert group has been focused on defining the Virtualization platform architecture of
AGL since 2018. One result of the work is this white paper

https://If-automotivelinux.atlassian.net/wiki/spaces/VE/overview
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Automotive Grade Linux Launches Open Source SoDeV Reference
Platform to Accelerate Software Defined Vehicles

By AGL December 5, 2025 Announcements

New AGL SoDeV reference platform supports ECU consolidation, virtualization, hardware abstraction and cloud integration for
next-generation vehicles.

Highlights:

» AGL SoDeV is an open source reference platform for software defined vehicles enabling software-first development,
independent of hardware constraints.

« Theinitiative is led by Panasonic Automotive Systems, Honda, and the AGL SDV Expert Group, with contributions from
Toyota, Mazda, AISIN and Renesas.

« SoDeV integrates the AGL Unified Code Base with key open source projects including Linux Containers, VirtlO, Xen, Yocto
Project, Zephyr and ELISA.

» Availability is planned for early 2026 for virtual environments, cloud processors and automotive SoCs.

SAN FRANCISCO, December 5, 2025 — Automotive Grade Linux (AGL), a collaborative cross-industry effort developing an open
source platform for connected car technologies, today announced SoDeV, a new open source SDV reference implementation
that enables software-first development, decoupled from hardware constraints.

Led by Panasonic Automotive Systems, Honda and the AGL Software Defined Vehicle (SDV) Expert Group, SoDeV combines the
AGL Unified Code Base (UCB) with multiple open source projects hosted by the Linux Foundation to support consolidation of
ECUs, hardware abstraction using virtualization, and cloud integration for next-generation vehicles. Additional contributors to
SoDeV include Toyota, Mazda, AISIN and Renesas.

https://www.automotivelinux.org/announcements/sodev/




SoDeV Architecture Overview(SoC ASIL-A/B)

Control Domain Driver Domain Guest Domains
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Reboot PF
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SoDeV safety use case(Zephyr pass-through) st

GRADE LINUX

o How to achieve safety?
o Example use case: Tell tale for instrument cluster.
Tell tale is drawn by
Guest Domains

What iS beSt SOlution? tl0 Adopted Functional Domain) the hardware

Create common tell tail monitoring interface [IF=UINIEEEN decoupled domain.
INUX epny

between DemD and DomU? _

Oth ers ? ol Stack I Stack

PDomo Virtlo- Virtlo- Unified HMI
Compliant Compliant
Kernel SOCBSP SoCBSP ) ] ) :
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EXCITING NEWS

AGL Releases : Welcomes five new members
So DeV PI ath m ‘\\ " EMQ - Lineo Solutions - MediaTek

VA Linux Systems Japan - Very Good Ventures

AGL releases initial version of the open source SoDeV reference platform for software-defined vehicles and welcomes EMQ,
Lineo Solutions, MediaTek, VA Linux Systems Japan, and Very Good Ventures as new members

https://www.automotivelinux.org/announcements/automotive-grade-linux-releases-open-source-sodev-reference-platform-for-software-defined-ve hicles-and-welcomes-five-new-members,
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Renesas V4H Sparrow Hawk AUTofTive
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sy

CPU
Arm® Cortex®-A/6 cores at 1.8GHz x4
lockstep Arm@® Cortex®-R52 cores at 1.4GHz x3

http: //www.shimafuji.co.jp/en/products/2207

Campaign : 8GB memory R-Car V4H SBC "Sparrow Hawk" board for
US$299.00 (Limited quantity)

Basic Kit (Board only)

8GB Memory R-Car V4H SBC “Sparrow Hawk”

16GB Memory R-Car V4H SBC “Sparrow Hawk”

Complete Kit

8GB Memory R-Car V4H SBC “Sparrow Hawk” + Argon FAN, Micro USB cable
+ 32GB Micro SD card

16GB Memory R-Car V4H SBC “Sparrow Hawk” + Argon FAN, Micro USB cable
+ 32GB Micro SD card

Support Renesas R-Car V4H series Processor

8GB/16GB LPDDRS memory

GPU AXM-8-256 @ 600MHz, >150 GFLOPS

Communication: CAN, Ethernet AVB

PCle Gen4d x 1

Computing power up to 30 TOPS

Target Applications: Autonomous Mobile Manipulator, Smart Manufacturing,
Smart Healthcare



sodev-demo-workspace Public © Unwatch 1~

¥ main ~ F 1Branch 0 Tags Q. Go tofile Add file ~ <> Code ~

AL

@ hiroishii Bump external/meta-rcar-demo €m 354923a - 15 hours ago  X1) 27 Commits

agl/patches Change AGL repository to github fork 3 months ago
external Bump external/meta-rcar-demo 15 hours ago
flatcar Bump submodules last week
.gitignore Add DomAGL-IVI and DomAGL-IC guests 4 months ago
.gitmodules add flatcar build process to build.sh last month
LICENSE Initial commit 5 months ago

README.md Update README.md 5 months ago

=
|
=
O
O
O
O
O

build.sh Disable Android and Flatcar guests by default last week

[0 README  #[2 Apache-2.0 license =

sodev-demo-workspace
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AGL SDV Reference PF(V4H) - SoDeV -

Dom D A Guest AOSP Honda IVI Guest Zephyr
Honda VI ASIL Domain

ASIL Apps L .
| | bb Zephyr
VIRTIO Backend
developer@simbuild:
. k ) = .

Android System

App

km/h

km/h ASIL Apps
km/h

Dom O

(Control BSP drivers

Linux kernel (BSP part)

, i : 7 kn/h APP
Linux kernel (GKI part)

Domain)

km/h
km/h

Virtual Machine

Timer

Virtual Machine Virtual Machine

memory

Virtual Machine

Full Virtualized

Schedular

Xen hypervisor niemupt

Cortex®-A76 (x4)

Renesas R-Car V4H
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Raspberry Pi5(RPi5) HW Aol
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.~ Meetup
Broadcom BCM2712 2.4GHz quad-core 64-bit Arm Cortex-A76 CPU, with cryptography

Raspbe rry Pi 5:| 1 6G B RAM extensions, 512KB per-core L2 caches and a 2MB shared L3 cache

VideoCore VII GPU, supporting OpenGL ES 3.1, Vulkan 1.3

i = . Dual 4Kp60 HDMI® display output with HDR support
For power users and professional applications. P play outp pp

4Kp60 HEVC decoder

Raspberry Pi 5 16GB is available now for $305.

LPDDR4X-4267 SDRAM (1 GB, 2GB, 4GB, 8GB, and 16GB)
Dual-band 802.11ac Wi-Fi®

AN

W
5

Bluetooth 5.0 / Bluetooth Low Energy (BLE)

microSD card slot, with support for high-speed SDR104 mode

2 x USB 3.0 ports, supporting simultaneous 5Gbps operation

2 x USB 2.0 ports

Gigabit Ethernet, with PoE+ support (requires separate PoE+ HAT)

2 x 4-lane MIPI camera/display transceivers

PCle 2.0 x1 interface for fast peripherals (requires separate M.2 HAT or other adapter)
5V/5A DC power via USB-C, with Power Delivery support

Raspberry Pi standard 40-pin header

Real-time clock (RTC), powered from external battery

Power button




Raspberry Pi4/5 SoDeV Repository

sodev-demo-workspace-rpi Public

¥ main ~ P 2Branches O 0Tags Q Go tofile Add file ~

#% yuichi-kusakabe docs: correct the figures, scopes and claims BUILD_ISSUES pointed out &3 b2e27b8 - 2 hours ago

docker build: give the build image its own tag; AGL_DOCKER follows ...
docs docs: correct the figures, scopes and claims BUILD_ISSUES |
domz docs: correct the figures, scopes and claims BUILD_ISSUES |
external build: SoDeV RPi5 Xen demo workspace (moulin, docker, sub...
meta-rpi-sodev docs: correct the figures, scopes and claims BUILD_ISSUES |
tools docs: correct the figures, scopes and claims BUILD_ISSUES |
.gitignore build: wire the four domains into the products, and update th...
gitmodules build: SoDeV RPi5 Xen demo workspace (moulin, docker, sub...
LICENSE Initial commit

README.md docs: correct the figures, scopes and claims BUILD_ISSUES |

build.sh docs: correct the figures, scopes and claims BUILD_ISSUES |

|
|
|
|
|
|
G
0
0
0
0
6

rpi4-sodev.yaml| build: check a prebuilt bundle's generation, not just its board

rpi5-sodev.yaml build: check a prebuilt bundle's generation, not just its board

<> Code ~

@ 54 Commits

3 hours ago
2 hours ago
2 hours ago
last month
2 hours ago
2 hours ago
2 days ago
last month
7 months ago
2 hours ago
2 hours ago
2 hours ago

2 hours ago

AUTOM. TIVE
GRADELINUX
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Xen + DomO0(Zephyr) + DomD(Linux) + DomU(AGL IC) + DomU(AAOS) aurom 1ive

GRADE LINUX
.~ Meetup
: Dom0 (Zephyr) = DomA (Android) % NEW : DomU (Yocto + AGL) @ ENHANCE ; E DomD (Driver Domain) & ENHANCE E
: : : : : 1 1
| 1 [ 1 : : o :
E { zephyr-dom0-xt } E : SurfaceFlinger / HNComposer : cluster-refgui (Qt6 / qtwayland) P QEMU (DomaA F) J { QEMU (DomU F) :
: m - : b &
1 | { by ] |
: [ xen-tools / shell ‘ b Android DRM HAL : DomU P Weston (mesa CPU) ! ¥ virglrenderer + SDL2 (Wayland) ,
i i 1 | : : . J
: : : - I [ : :
1 1 1 1 I i L )
’ main cantro v virtio-gpu DRM (xen_virtual_device) : virtio-gpu DRM : : ; A * Weston (kiosk-shell.so) A :
i + DomA / DomU #25) b : b loutput] HDMI-A-1=DemA / HDMI-A-2=DgmU !
1 ! s L T !
: * DomA / DomU @ o S . l AP : P : ] ] |
: L N virtio-pci front (BDF 00:07.0) : virtio-pci front (BDF 00:04.0) . ved-kms-i3d (DRM) ‘ l V3D GPU (mesa) :
! 1 I | g : : . Do
! 1 ! ! g | - |
: v a0sp-xenvm-t .1',: R-Car FiE : P — L iaa ien ’x’:’_ﬂ#ﬂ__ B !
1 1 ! ! : 1 B linux -:-_-::I:: ypi 65.12 + LIS IMI pgssthrough .
: i : oid_kernel 3+ virtual device ! - i Wa:illand eston, Q.Emmlrglrenderer ﬁiﬂ]ﬁﬁ '
: . app-id D“’“‘°'§ — HOMI-A- ' : ;W 1 % passthrough i3k (Rt HDMEG D) :
Voo I N L b= ;-"'{.t _________________________ 4 3
— H
i L M
L A
i i
__— __— Raspberry Pi 5 — BCM2712 + RP1
& 4o Ao
HDMI-A-1 (HDMIOD) HDMI-A-2 (HDMI1) V3D / VPU GPU USB 3.0 x2 /2.0 x2 PCle Gen2 (NVMe)
— DomA &= — DomU F5 DoemD EF A 7] S DomD rootfs DomD rootfs (option

passthrough £ (DomD Eﬁ} HDMI 0/1 / ¥3D GPU / USB / NVMe / SD / WiFi / CAN

ViM{DomA/DomU) o5 id V3D & HDMI £ B AT, « -gpu CLOBETEHL
* £rhs: DomD @ Weston #* KMS master / TATOEE 7 L —LOBRSH

app-id % Y 417: DomA — HDMI-A-1. DomU — HDMI-A-2
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V4H / RPi5 performance measurement results AUTOM: TIVE

GRADE LINUX
© Meetwp

Linux Dom0 i Zephyr Dom0 i #iFW(2026-05-26)

~0% 0% 0%
110% 125% 137%(/200)

48% 52% 55%(/100)

6% (AAOS15) 9% 6-7% (AAOS17 idle)

V4H (PowerVR) RPi5 £X (V3D)

#E GPU EAE (A—71) =34% (FHI32-45%) =94% (render-B2F1~T A1)
render I JVE{k 3D 18% render 94%
GPU &#8 ~66% ~6% (IZ(FEan)
GPU 3% GFLOPS 153.6 92.16 1.67x
* RPi5 AE&FAEDE GPU HW #EEEHRER (PowerVR AXM-8-256 > V3D 7.1) , virgl tax- B — GPU #745 [3M#3HE CECABAL,

o RPi5 ICEME TIF3FE 7-70-FHIE®D#A (AGL fps cap 60—-30-AAOS fi##&FEL) ., AT fps cap 60—30Hz [ DomU render % -26% Hili&.
o CPU-AEY - RPi5 TEZMICIEEST, #FE—EL T GPU/DRAM HiE,




DomU/A binary compatibility

AAOS17

R R RIS 2
E * - e -

®  Settings
T Accessibility

P e oe e
§  Settings
T Accessibility s
8 security 8 security
# Apps
’ 29 Assistant & voice

# Apps
i
- 69 +

v Build number
nen vamm troust armAkiseamtobiin 17 (D78 HOKNS 1K arv hslda &

¥ | © system
S @nt.@

’ &) Assistant & voice
B =67 +

® system
® - 61 +

Industry OS . Industry OS
(AGL, Android, Identical Soft\_/va re (AGL, Android,
(Binary Compatible) Arene...)

= = TVTUO realizes . : _
Virtlo Virtlo |

A
Powerful
Toolchain

Industry OS
(AGL, Android,

Purely
Virtual Hardware




A good example of an AAOS update using Al 4573

GRADELINUX

PC(x86_64) PC(arm64) RPi(arm64)

PC(x86_64) Cuttlefish Cuttlefish Cuttlefish

Goldfish

5 Days



Scalability and Capabilities of SoDeV e

AUTOML TIVE
GRADE LINUX

Control Domain
required, not optional

DomO
Zephyr

512 MiB - 1 vCPU -
pCPU ©

VM Management &
Monitoring
xenstore only

Zephyr Kernel
zephyr.bin 2.99 MB

Driver Domain

DomD

Linux / Yocto

4096 MiB - 2 vCPU - pCPU

0-1
xen,static-mem (1:1)

VirtlO Backend
+QEMU device model x&

Android SDV core
1536 MiB - 2 vCPU

SDV Comms Stack
headless

Weston compositor
HDMI-A-1 + HDMI-A-2

SDV Gateway

only authenticated
member

Xl toolstack - xenbr0 -
dnsmasq

VirtlO Compliant SoC BSP
v3d - RP1

VIRTIO TR{

EXTERNAL

Android SDV media
1024 MiB - 2 vCPU
Rapid-Boot A/V Stack

minighm - ANGLE -
tinyalsa

Guest & Function Domains

Android SDV ivi
4896 MiB - 4 vCPU

Infotainment
CarLauncher — HDMI-A-
2

DICE-authenticated TLS gRPC Mesh

instance 1 f 2 / 3 — core, media, ivi only

AIDL / Binder internally - DICE gRPC across the mesh

mesh members

Type 1Hypervisor (Xen)

4.21.1-pxe - ~64 MiB - domBless Dom D - credit2

Automotive SoC or Virtual Environment
Raspberry Pi 5 / 16 GB - BCM2712 - Cortex-A76 x4 - total_memory 16,376 MiB

Android - HAR

2048 MiB - 2 vCPU

Safety Display Stack
Impeller — DRM —
HDMI-A-1

Cluster telltales
outside the DICE mesh

Dom S
Linux / Yocto

1824 MiB - 1 vCPU -
pCPU 1

Linux / Yocto

1024 MiB - 2 vCPU -
pCPU 2-3

Eclipse S-CORE
v0.8.0
LoLa / mw::com * zero-
copy SHM

none
display only

- HDMI x2 - v3d x1

arene-base detector
Woven by Toyota - C++14

OpenSOVD

score-doms-sovd

KUKSA databroker
VS5 - 1,378 leaves

VDM reasoner
COVESA Vehicle Data
Model

dbcfeeder -

cannelloni
CAN over UDP

155555

VirtlO Frontend

KUKSA / VS5 gRPC
- subscribe
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Scalability and Capabilities of SoDeV e

GRADELINUX

Linux virtio-armv8-xt-doms 6.8.8-rcl-yocto-standard-e0001-gd524ee6l@ac2 #1 SMP PREEMPT aarche4
[selftest] Eclipse S-CORE DomS validation starting (aarché4, 6.8.8-rcl-...)
[selftest] shm: PASS

[selftest] lola pubsub: PASS

[selftest] comm_showcase: PASS

[selftest] kyron_select: PASS

[selftest] kyron_main_macro: PASS

[selftest] time_steady: PASS

[selftest] time_system: PASS

[selftest] orch_persistency: PASS

[selftest] datarouter: PASS (endpoint open and still running 2s later, 1s)
[selftest] arene detect: PASS

[selftest] lifecycle: PASS

[selftest] lola_fanout: PASS

[selftest] feo chain: PASS

[selftest] sovd_rest: PASS

[selftest] fault_ipc: PASS

[selftest] dtc_store: PASS

[selftest] sovd_faults: PASS

[selftest] diag supervised: PASS (agent pid 679 under launch_manager)
SCORE-SELFTEST: PASS (n=18, skip=0)




Fuego-based mixed criticality Test Framework

AUTOM. TIVE
GRADELINUX

Test domain

Representative tests

Host<br>self-check

CPU / memory / crypto

Dhrystone, STREAM, OpenSSL, linpack, sysbench

3 PASS

Real-time / latency

cyclictest, hackbench, signaltest, deadlinetest
(rt-tests v1.1.1)

not run

Storage / filesystem

fio, IO0zone, bonnie, dbench, tiobench

fio: build fails

Networking

iperf3, netperf, netpipe (metrics suitable for
VirtIO-net overhead separation)

not run

Graphics / GPU

GLMark, x1lperf, gtkperf

not run

Kernel / large suites

LTP, kselftest, arch_timer

not run

Stress / endurance

stress, linus_stress family

not run

Fuego
self-diagnostics

hello_world, fuego_*, batch_*

1 PASS

Other Functional

94

Library / utility sanity checks

% Xen virtualization
/ FFI

al
(in-house)

Functional.ffi_verification (ISO 26262 freedom from

interference)

% Display-pipeline
latency

al
(in-house)

Benchmark.sodev_latency (control-path / data-path

separation)
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under development e |

GRADELINUX

® \ulkan support for DomD, DomU, and DomA
® \Wi-Fi and Bluetooth support for DomA
® Hardware decoder support for DomA (H.264 1080p60)

MTms DB — ZOBTIES5WTa—FLT2#HHE

A&EZ (d_deviese-1. DEVICEER - L1V 1), EEROKXKWIN—H BEHAS 1,
ZOTOMNENEDAL Y ROKRMORE, HDEZH vsync. KUVRRH
present . fEAREN' queueBuffer ,

codec: main (BEEIIL—7F)

codec: ALooper

codec: HwBinder

codec: binder

c2 HAL: DecodeComponent

c2 HAL: V4L2DeviceThread




SoDeV Use Cases in Other Fields (Aviation and Aerospace) AUTOM TIV

GRADE LIN
.~ Meetup
Monitoring Privileged Control Driver/HW Domain
SWL-A Domain [SWL-A Application Domain(s) Legend
Logic/Core DomOless Xen / Hypervisor Feature
Sl I/O Interface
Health
Monitor OS / Runtime
Hardware Hypercalls —
Watchdog/ Safety-Critical Safety-Critical Application
Health Monitor /O Manager Application Application
Monitoring / Debug

Console
Trace

Cfg Manager

VM Mgmt &
Monitoring Kemel

ARINC653 API / IPC

BIT/BIST
POST

Domain = Partition / VM
SWL = Software Level
ASIL = Automotive Safety

VirtlO Backend

Runtime Runtime Runtime Integrity Level (SIL)
Ethernet
Ethernet
AB53 Ports AB53 Ports A PO -D /g ;1 r:%%e(sstvélrli-t)icality
(Shared Mem) Passthrough 10 (Shared Mem) (Shared Mem) VirtlO Frontend - E = lowest / lab-only
Passthrough /O (ASIL QM)
ASIL
Bare-metal - D = highest criticality
(SWL-B)

Runtime ARINC 653 Scheduling | Domain Mgmt | Resource Alloc (MMU/IOMMU/Cache) | Interrupts | Grant Tables

[SWL-A] -A = lowest (SWL-D)

Boot / Firmware

Physical / Virtual Hardware Environment

https://directory.elisa.tech/workshops/2026-06-London/D1-17-00 Functional safety with Xen%2C Zephyr and Linux for avionics%2C automotive and industrial.pdf
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Additional Information

Automotive World 2026 @Makuhari
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RPi5 x 4 Multi-domain Full-stack Configuration

AUTOM. TIVE
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7

Dom 0
(Control
Domain)

-

T Zephyr

\

VIRTIO Backend
\ J

Dom D
(Drive Domain)

A

BSP drivers

Guest AGL-IC

AUTOMIITIVE
GRADE

AGL UCB
App

Linux kernel (BSP part)

Virtual Machine

Xen hypervisor

Virtual Machine

Xen

Linux kernel

Guest AOSP
Honda IVI(A17)

Android System

Virtual Machine

Virtual Machine

Timer

Honda IVI

memory

Schedular

Full Virtualized
Timer

MMU interrupt

Cortex®-A76 (x4)
Raspberry Pi 5




RPi4 x 3 Multi-Domain Stack Configuration AUTON Tve

e \ \ 4

Dom O Dom D Guest AOSP Android17
(Control (Drive Domain) Honda IVI(A17) o

Domain)
. “ A = Android System
|| QP

App

VIRTIO Backend
\ J

BSP drivers

VirtlO Frontend

Linux kernel (BSP part) Linux kernel (GKI part)

Virtual Machine
CPU Timer

memory (c][e

Virtual Machine Virtual Machine

Full Virtualized
Schedular Timer

MMU

Xen

Xen hypervisor

interrupt

Cortex®-A72 (x4)
Raspberry Pi 4
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Thank you very much

Let's build the future together and Open Way
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