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Who am [?

» Business Development Manager Open Source

» ~23 years at Bosch

» ~15 years experience in embedded software
development

» Pushing Open Source development and business
within Robert Bosch GmbH

Andy Riexinger » Interest in creating business with Open Source
Robert Bosch GmbH

Cross-Domain Computing Solutions -
Automated Driving

» Interest in strengthen Open Source in automotive
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The Bosch Group
Four business sectors
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- . Industrial Energy and Buildin
Mobility Solutions gy g Consumer Goods
Technology Technology
» One of the world’s largest » Leadingin drive and control » One of the leading » Leading supplier of
suppliers of mobility technology, packaging and manufacturers of security power tools and accessories
solutions process technology and communication technology » Leading supplier of
» Leading manufacturer of energy- household appliances

efficient heating products and
hot-water solutions

N
Bosch Mobility Solutions is closely connected with all divisions.

Cooperation across the Bosch Group enables a valuable exchange of knowledge and synergies.
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The Bosch Group
Facts and figures
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Sales in billions of euros Associates Associates in engineering Manufacturing locations  Engineering locations

71.5 395,000 73,000 235 129

Business Sector Mobility Solutions
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Sales in billions of euros Associates Associates in engineering  Manufacturing locations Engineering locations

42.1 229,000 58,000 126 68
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Actively shaping global megatrends
With innovations for people, society, and the environment

BOSCH
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Actively shaping global megatrends
With innovations for people, society, and the environment

Connectivity Urbanization Demographics Energy & climate

e cohort of people aged 65 or over

By 2020, 50 billion ‘ 60 % of the world’s populatlon IS growing twice as fast as all the The probability that global warming

things will be connected. lives in cities. others. will be limited to just 2 °C is very low.
Urban mobility Automated mobility Automated parking Rental vehicles
Safety on the roads Efficient trai
ili Icient powertrains Connected services
Charging infrastructure EIeCtromOblllty . .
Infotainment in the car Convenient mobility

Hybrid powertrain systems Driver assistance systems HMI systems

Reduction of emissions

Altemative fuels Internet of things Connected mobility
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Bosch Mobility Solutions
Integrated system solutions for maximum benefit

Personalized mobility Automated mobility Connected mobility Powertrain systems and
electrified mobility

%
fun and safe and efficient and
fascinating comfortable economical
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Personalized mobility
Bosch customizes your mobility experience

]E
ra-e'l 28

App-based
mobility assistants

|
IS

Ride-sharing
services

Solutions for
micromobility
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Automated mobility
Bosch is teaching the vehicle how to drive

- —— " Driver assistance systems =

== . - Highly automated driving _
‘:?\ Partially automated driving i L~ / e

_
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Connected mobility
Bosch is seamlessly connecting mobility

Connected servic Vehicle connected to the mternet Connected moblllty providers

Y HMI solutlons : “

s

, — ¥ Connected vehicle systems -
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Electrified mobility
Bosch is energizing the powertrain

Powertrain systems for
internal-combustion engines

Hybrid systems |

/ Faf M Tr‘ i B E e ctrified two-

7, ‘I/ 4 & a Connected charging infrastructure weeler powertrains
and payment systems '

&£ 4
2 =Y
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Fully electric powertrain systems
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© Robert Bosch GmbH 2021. All rights reserved, also regarding any disposal, exploitation, reproduction, editing, distribution, as well as in the event of applications for industrial property rights

1 6 Internal | Cross-Domain Computing Solutions | XC-AD/PAS1 | 2021-05-03 BOSCH




SOF TWARE




“Software is eating the car”
Software defined car

» Simplified and
- accelerated
" development and
deployment of
vehicle software in
accordance with
automotive quality
standards

Comprehensive
software platform
to connect the
vehicle with the
cloud will reduce
the complexity of
the software
development and
the vehicle system
integration.
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Software defined car
What is a “Software defined car’?

» The term “Software defined car” describes a car, containing features and functionalities, which are

enabled by software, transforming a hardware-based car to a software-centric computing center on
wheels.

» Vehicles today can already have
» More than 100 electronic control units (ECUs)

» A growing array of sensors, cameras, radar and light detection and ranging (lidar) devices
» Up to 150 million lines of software code

Internal | Cross-Domain Computing Solutions | XC-AD/PAS1 | 2021-05-03
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Software defined car
Benefits of a “Software defined car”

» unlocking new safety, comfort and convenience features

» receive over-the-air (OTA) updates (security patches, infotainment improvements, monitoring and
tuning of core functional capabilities of the vehicle)

» send and receive vast amounts of data to and from sensors and actuators, getting an insight into
every aspect of a vehicle, its performance and its place in the connected ecosystem.

» This will result in new Business Models by buying packages from the OEM store e.g.,
» Extra power for a track day

» Heated seats for a skiing day
» Extra range for longer trips

Internal | Cross-Domain Computing Solutions | XC-AD/PAS1 | 2021-05-03
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Software defined car
Software Development for a “Software defined car”

» To build software functionalities, an efficient Software development is needed with shorter
development and deployment cycles

» 3 typical options for software development
1. Develop software in-house across most / all domains

2. Develop software in-house for one or two differentiating domains and specify, outsource development
3. Outsource software development and keep feature specification, integration and validation in-house

Open Source can help in ALL software development options and ...
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... Open Source Software has arrived in Automotive

Pull reque: Marketplace Explore
.Oonomous
T Audi
BEE%:"R’E”” Al m We are evolving a global interaction guideline for all Audi digital services.
FE 3 . . updates.
& hitpsfuen audicom FEP - Functional Engineering Platform . q
PR launched to face the upcoming
[ [4\) [l Repositories 22 Packages People 3 Projects . . . »
D Repoton complexity in function development,
al k- Repositori . . .
o ' mCensidering, all relevant aspects in rictes
N simulation (MIL, Sil, HiL) and testing. Sy
= Igsvl / simulator
<> Code lssues 52 ¢ fep3_sdk Top languages
N cMake %0 Yro (@0 $90  Updated 11 hours ago ®C++ @Python © CMake
nucleus? JavaScript @ CSS
nudleus? library
/7 deep-leamning fep37system ‘
. . A . Most used topics
® Python 513 i @ W0 o @ 0 110 Updmed 1 hous ago adtf  cplusplus deep-learning

nucleus?  tensorflow
fep3_participant
A ROS/ROS2 Multi-robot Simulator NCgeNes’
ncgenes? library with implementations for nucleus? interfaces

\ simulator  unity  apolle  autonon
\
_ . _ . . ce-Code rur
reinforcement-leaming  carla-simulator eep-leaming ensorflow  nucleus? ncgenes]
D 1235 commits P 1branch ¢ Da n viele Li Nutzer sehnsiichtig f m hin un r die Codezeiler
beiden Fahrzeug pen-Source-Projekt zur Verflgung g sher sind diese auch noch unvo

von Vera Bauer am 2. Juni 2018

B Email W @ver bioggt

Internal | Cross-Domain Computing Solutions | XC-AD/PAS1 | 2021-05-03




. Software Innovations ®

Bosch Con
Autonomous driving accelerator “OpenADx”
launched

Just launched at

Today at the Bosch ConnectedWorld conference in Berlin, a new open source
autonomous driving accelerator was introduced. OpenADx focuses on the software
development toolchain for autonomous driving, an enabling component in the
landscape of highly autonomous driving.

BOSCH CONNECTED WORLD 2018
ADDRESSING THE TOOLCHAIN COMPLEXITY

Use Case: Toolchain: ‘
=
Development » Lab Test » Test Fleets » Validation » Manufacturing » Operations (G—o) g | oo
I : Overtake | — g'/}i
o AT = I trajectory Q@
pe x Testl S — Inputs for
OpenADx + Controlled experimentation environment i vehicie contro) = .
+ Validation of customer requirements and Testbed ;

A
ccelerzilltebAD (.ievelopment through technical feasibilty
open collaboration and Open sourceé . Focus on AD toolchain integration aspects

* Can lead to longer term open source project

OPE__

xcelerate your Autonomous Driving development
@ OpenADx // Autonomous driving and open-source technology - does it fit2 // 6/14/2021 *
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The OpenADx community provides a platform which ...
... leverages open source to increase efficiency and create standards

Reason Why RB launched OpenADx at ... and established an

AD requires a multifaceted process BCW 2018 ... Eclipse hosted community
incorporating a variety of software tools » 30 entities

» 60+ active conftributors
» Inifial projects:
— Cloe (simulation kit for testing
AD software components)
— Standardized Al labeling
— SiL standardization

But none of these tools were ever
designed to work together

This costs the industry time and money
We are mitigating this problem by

creating the leading automated driving
ecosystem > OpenADx

B¥ Microsoft BOSCH
ee @ Approach @ DENSO A _ADLINK

» Accelerate time to market » Define Industry-wide AD toolchain crafting the tore (‘eteration E EC“[]SGS[)U[CB
» Share costs » Ensure high interoperability arm ~ it
» Free up resources to focus on » Provide easy access

customers Fachhochschule c’ ® 10 information Management SIEMENS

» Establish basis for reference arch. Dortmund

oG
University of Applied Sciences and Arts me"“:""'.pm"g 0 p e n IE%EIWARE
an atcs company . ﬂ
robotics <) FOUNDATION

OpenADx // Autonomous driving and open-source technology — does it fite // 6/14/2021
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OpenADx targets reference architecture and ...
a wide ranging interoperable toolchain for PoV* and commercial applications
Architecture Ingest/ Deep Simulation Simulation- Test Connectivity-
definifion store learning and test Integrate Build  based validation drive  based validation

Focus on tool interfaces Many vendors, many specialized tools!

» Industry-wide accepted definition of the AD toolchain 80 complex

» Tool interface standardization landscape
GOA I_S L _ , . ERiECessible

» Ensure efficient implementation and interoperability enterprise

» Foundation for reference architecture users

@ OpenADx // Autonomous driving and open-source technology — does it fite // 6/14/2021

*PoV - privately owned veicle
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OpenADx: Leading to holistic functional approaches
Use Case: Leverage OpenADx to develop end-to-end solutions (with the community)
(HAD) SW Stack
Developer

OpenADx // Autonomous driving and open-source technology — does it fite // 6/14/2021
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Summary

> Open source software...

» Is gaining traction in the automotive industry

y Minimizes dependency on suppliers

y Increases quality through broad testing reviews, skilled attention, broad expertise
» Enables risk sharing and cost reduction

» Will be essential to the success of partnerships and consortia

The future of mobility will be software defined!

Open Technologies and Open Source helps to
Collaborate in a Changing Automotive Market!

We invite you!

to accelerate development of Automated Driving // 14.06.2021

@ OpenADx // Leveraging open collaboration and open source



Find out more and join us

https://openadx.eclipse.org/

Th O n |< yo U ! https://wiki.eclipse.org/OpenADx

Andreas Riexinger
Andreas.Riexinger@de.bosch.com


https://wiki.eclipse.org/OpenADx
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Useful Links

»y OpenADx

Whitepaper: https://openadx.eclipse.org/resources/OpenADx-Manifesto-v07-2020.pdf
Website: hitps://openadx.eclipse.org/

Wiki: https://wiki.eclipse.org/OpenADx

Mailing List: hitps://accounts.eclipse.org/mailing-list/openadx

OpenADx in Blogs: hitps://blog.bosch-si.com/developer/S-things-you-should-know-about-openadx
Eclipse iceoryx

— https://github.com/eclipse-iceoryx/iceoryx .

— https://projects.eclipse.org/projects/technology.iceoryx White Papers
» Eclipse Cloe:

— https://github.com/eclipse/cloe

— https://projects.eclipse.org/projects/technology.cloe

Eclipse OpenMCX: https://projects.eclipse.org/proposals/eclipse-openmcx
Eclipse APPAMC: hitps://www.eclipse.org/app4mc/

Eclipse Cyclone DDS: https://projects.eclipse.org/projects/iot.cyclonedds
Eclipse Zenoh: hitp://zenoh.io/

Eclipse Kuksa: https://www.eclipse.org/kuksa/

Panorama: https://panorama-research.org/

» openMDM: hitps://www.openmdm.org/

» openPASS: hitps://wiki.eclipse.org/OpenPASS-WG
» openMobility: hitps://openmobility.eclipse.org/
y openGENESIS: hitps://wiki.eclipse.org/OpenGENESIS WG

R N e

OpenADx Manifesto

VoV v v v v

OpenADx // Leveraging open collaboration and open source to accelerate development of Automated Driving // 14.06.2021
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