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Greetings ]rH;!T%CI!I-I)!f

Hitachi Astemo was born in January 2021 from the merger of

Hitachi Automotive Systems, Keihin, Showa and Nissin Kogyo with the
strengths and abilities to make significant contributions to safety, comfort,
and environmentally sustainable technologies for mobility.

SHOUWA ‘ NIZIN ‘

Hitachi Automotive Systems KEIHIN

are integrated to be

Hitachi Astemo
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HITACHI

Our business Inspire the Next

-

We will realize safe and comfortable moblllty thre ugh echnologlcal
P ;%mnovatlon in CASE area- . \

-‘r"pr . ) [« i

M

Powertrain Systems
(Electric / Engine)

Power Products
Industrial Equipment

Connected Aftermarket
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Product Example on Automated Driving Systems

Advanced driver assistance ECU and
high-definition map position unit adopted
in Nissan’s new model “SKYLINE”

Tokyo, September 8, 2020 --- Hitachi Automotive Systems, Ltd. today announced that
their advanced driver assistance ECU (Electronic Control Unit) and high-definition map
position unit capable of automatic map updates via OTA (Over The Air)! has been
adopted in Nissan Motor Corporation’s (hereinafter “Nissan”) new model “SKYLINE”",
which went on sale in September 2019, for the first time.

®

*

High-definition map position
unit

Advanced drive assistance

https://www.hitachi.com/New/cnews/month/2020/09/
200908.html

Astemo

AD ECU and OTA Unit Adopted in New Model Legend
-Capable of Over-the-Air (OTA) Vehicle Control Software Updating-

Tokyo, April 26, 2021 --- An AD ECU’ capable of updating vehicle control software
and an OTA Unit that receives and manages update data, both developed by Hitachi
Astemo, Ltd. as “over-the-air (OTA) software update solutions”, have been adopted by
the new model Honda Legend, which is equipped with a traffic jam pilot function that
achieves Automated Driving Level 3 and was released in March by Honda Motor Co.,
Ltd. (President and Representative Director: Toshihiro Mibe) The solutions have been
realized with the technologies of the Hitachi Group as one-stop solutions that establish
a platform from a data center (OTA Center) that sends software updates to the in-
vehicle device system.

* AD ECU: Autonomous Driving Electronic Control Unit

AD ECU and OTA Unit Adopted by New Model Legend

https://www.hitachi.com/New/cnews/month/2021/04/210426.
html

© Hitachi Astemo, Ltd. All rights reserved.
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2-1. Market Trend [Architecture]

HITACHI

Inspire the Next

B E/E Architecture is evolving from distributed to centralized, accelerating HW/SW decoupling.
B Evolving performance & functionality by software, achieving above on high-performance HW

2025 2028 203x
O O O >
Domain Zonal Cloud native
ADAS
Hub of network & SW
Steer . Ipower supply CH sw JPT sw
~ ECU SWIF : Steer
Central —ECU SW — Steer
= ECU Central —ECU SW —
__Brake SV — | Brake | ECU
Central ECU CH SW ECU SW | Brake |
Gateway - BT S | e _— CH SW ECU
___Susp. " ECU
EClj) SW — ADAS i e PT SW _Egslj) -
SW ; ADAS s
V] SW Simple actuator SW
High- control IVI SW
performance
Hardware ‘@ High-
: performance
. Hardware
Astemo © Hitachi Astemo, Ltd. All rights reserved. 7




2-2. Market Trend [Software-Defined Vehicle] n'f'p'Tﬁcmf

B As user needs diversify, the business model is shifting to continuous improvement model.
B Monozukuri transforms to DevOps. Software-Defined Vehicle is better approach for vehicle evolution.

BEChange of automotive business BTransformation of Monozukuri (Development Process)

One-time Sales Business V-process Hardware-Defined Vehicle
Development SW1 SW1 “SW1”
o>
Design Validation SW2 SW2’
o
— . SW3
Lifetime Implementation o
Vehicle Evolution Business DevOps Software-Defined Vehicle
m m
‘ Development
() o—oF  HW1 > Hwi g
ﬁ)‘ Operation )

Lifetime

(o o] HW3 3

AStemO © Hitachi Astemo, Ltd. All rights reserved. 8



2-3. Vision: Vehicle Evolution HITACHI

B Defined the essential functions as: Collection—Analysis—Creation—Development—Update.
B For following the change of user needs, a platform that can accelerate this cycle is necessary.

AnalySiS pn BTSSR Process & Tools Creation
— \ for co-creation

Collected data storage/ e Create innovative value
management/analysis || i o — — !‘ !r 5- (services/functionalities)
and sharing with service °| e Issue () @\ T through co-creation with
providers of Gomd = O OEMs/service providers

S Edd OG-

/\ —
. TVehicle data Evolution i Requirement (for New value)
: Cycle

Collection & Update Development

- Esgt;\{gre Q Backend design
Data collection from e r“ J Implement innovative value
vehicles after sales and N ! : into services / systems

software updates (on-boarding, backend)

On-Board design

AStemO © Hitachi Astemo, Ltd. All rights reserved. 9
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3-1. Approach: loV (Internet of Vehicles) Platform I,HJT%CL"Q

B Platform to realize the cycles(collection, analysis, creation, development, update) for vehicle
evolution through on-board and backend collaboration

B oV platform will enable the continuous evolution of vehicles and a growing cycle to drive higher profits
for OEMs, Astemo, and partners.

Analysis Crea.tion Development
Ot @
S LR Space
lov Platform 7 —ivii—o..i---—+ e
\ - ¥

] _
On-board Collection \ = = Update

AStemO © Hitachi Astemo, Ltd. All rights reserved. 11



3-2. loV Platform Concept

B oV Platform: reference platform and customizable by OEM & service provider demand.
B Enable co-creation of new product & service and acceleration from PoV & PoC to mass production.

H Features

1 On-board x Backend

Astemo OT x Hitachi IT

2 Zero-Day Start

Reference Platform & Customization

3 Value-First Dev.

Digital Engineering

yy Life Cycle Support

PoV/PoC — Mass Production — Next

5 Open Platform

Community, Data Business Support

Astemo

Vision: Updatable Vehicle

Backend .

Vehicle -‘ 1. Software

Data ™

on-board SEEERY .ot

Requirement

Evolution,
New Value

HITACHI

Inspire the Next

Co-creation

Service
Provider

Open
28+ Community, T
Innovation New Value Q }
®
Astemo

Collaboration

. o

Product,
Service

latform Share

Internet of Vehicles Platform

Analysis

& Update

i)
Collection ™

Creation

Development

Digital Twin
for PoV/PoC

| Cloudnative
i

Cloud CI/CD

Open Software
(Linux, ROS2, AUTOSAR)

loV: Internet of Vehicles, ML: Machine Learning, Cl: Continuous Integration, CD: Continuous Delivery, PoV: Proof-of-Value, PoC: Proof-of-Concept

© Hitachi Astemo, Ltd. All rights reserved. 1 2



HITACHI

3-3. oV Platform: Software Architecture Inspire the Next

B Cloud-native Software Architecture for SDV to realize Updatable Vehicle
B oV PF is referring to SOAFEE / Eclipse SDV and provides platform services as extension.

Service

Software
Platform

Astemo

a N @ | Data Collection
Backend ©) Dashboard Analysis

7my On-board

d Backend

11 AD/ADAS ! Virtual
N ! Environment

Open
Asset

Digital

I hicl e ——— Safet
Platform 3rd
Service Data Lake | lA\BJ/AYDIANS VI Party ADD

On-board Test Vehicle Abstraction Layer

Data Collection Middle m viddie N Middie
OS (Linux / POSIX) I Safe OS

] Orchestrator
Hypervisor

Twin
Simulator

Virtual
HW

© Hitachi Astemo, Ltd. All rights reserved. 1 3
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Mirror

Cortex-A

SOAFEE, Eclipse SDV
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4-1. Value-First Development Style ]rHJT%CI{I-I!f

B Value-First Development Style is a key to realize high-speed evolution cycle.
B Need “Open” & "Virtualization” to create development process based on Value-First.

vV v

Parallel Development
Co-creatig Virtualization

cloud-native
( uv ive) HW development New
_ , Vehicle
Needs : Unclear & Variable HW-less |dea Creation

(HW)

Traditional Market Analysis = Schedule b’ .
Development Style (Demand Analysis)
. New
OEM HW development SW development AV
o Component Planning
o I (HW)
Trend Survey I
Needs : Clear & Fixed (Sensor, Semiconductor, etc) :
|
. |
Value-First Style (EOPe“ tPF ) Schedule .
cosystem . |
OEM e & - om !
' Co-creation Existi |
O ervice . Value SW development XISting
Partner 828 Provider Acceleration Definition (common EF) Vehicle |
SOAFEE, Eclipse SDV, (HW) |
COVESA, AWF, « -+ SW/HW Decoupling & I
|
|
|
|
|
|

(if needs are clear, deliver more quickly)

Efficient Dev.
Astemo © Hitachi Astemo, Ltd. All rights reserved. 1 5



4-2. Use-case of Virtual Environment HITACHI

Inspire the Next

B Traditional use-case of virtual environment contributes efficient software development.
B |n value-first development, virtual environments are also used for efficient PoV/PoC.

Hardware-Defined Vehicle (trad.) Software-Defined Vehicle (Value-First dev.)

Target: specific vehicle and service Target: all vehicles and various service
> HW/SW integration omw> =0g HW/SW de-coupling

Digital Englneerlng

System Development (SD)

PoV PF update

ldea f‘\ Value Feasibility study Implementation Integration

Creation \ j Validation by virtual vehicles on common PF ::];(/?//SSF:/?/CifiC

control dev

Various Simulator Early extraction
of development
Early value validation issue for product

oy
oy
oo

PoV: Proof of Value, PoC: Proof of Concept
Astemo © Hitachi Astemo, Ltd. All rights reserved. 1 6



4-3. loV Platform Service for Value-First Development

I B oV Platform accelerates the evolution cycle based on value-first development

Astemo

Analysis

Collected data storage/
management/analysis and
sharing with service
providers

1. PoV/PoC Environment

HITACHI

Inspire the Next

tomer’ rvi
" Customer's Service Process & Tools
for co-creation

Collection & Update

Data collection from vehicles
after sales and software
updates

?T Vehicle data

Software
update ()

Creation

Create innovative value
(services/functionalities)
through co-creation with
OEMs/service providers

—)
Evolution

J, Requirement (for New value)

Cycle

Backend design

R e

<= L I I

"o
oy

New [ 8cfo,

Value
On-Board design

Development

Implement innovative value
into services / systems
(on-boarding, backend)

3. On-board Testing

with Generative Al

2. Seamless Deploy

with Determinism

© Hitachi Astemo, Ltd. All rights reserved. 1 7



4-4. Virtual Prototyping Environment for PoV/PoC : Overview ]E}!;‘I;%?]!I-elx!f

B Enable new idea prototyping by utilizing both open platform and product assets.
B Enable performance estimation in SoC from execution logs in cloud without SoC migration.

H Virtual Prototyping Environment for PoV/PoC M bottleneck analysis towards production
‘ ‘ performance estimation
of SoC
\ 4 . .
New O- Control Various Simulator Execution o S |
Function Commancl ' QT ] A i 5 s Iogs Execution Time [sec] e

Analysis .|
Open Platform

(Autoware, ROS 2)

Feedback o |
Loop
0.05
g 0 IEIapseld Time
Product Assets || Sensor Value L . e
(AUTOSAR) < k =Autonomous’ Driving -
PoV: Proof of Value, PoC: Proof of Concept Check feasibility at early phase

[1] DDS and SOME/IP Collaboration Framework (Japanese), ETENT2024

AStemO © Hitachi Astemo, Ltd. All rights reserved. 18



4-5. Virtual Prototyping Environment for PoV/PoC : Example hl,__c,lpll‘oﬁ,?m!f

B As an example, we developed an application idea utilizing vehicle APl and check it in the simulator.
B Utilization of simulators enables interactive idea concretization and rapid value validation.

B Example: application idea utilizing Vehicle API (VSS)

New Idea API
(ex. UX App) server

Vehicle API

ROS 2 Humble Simulator- e---

Ubuntu 22.04

AWS Graviton AWS

I

powered by daws

VSS: Vehicle Signal Specification

AStemO © Hitachi Astemo, Ltd. All rights reserved. 19



4-6. loV Platform Service for Value-First Development ﬂﬂ‘%ﬂ.—!ﬂf

I B oV Platform accelerates the evolution cycle based on value-first development

Customer’s Service
| ]

Process & Tools Creation

for co-creation
Collected data storage/ m Create innovative value
management/analysis and = — - (services/functionalities)
sharing with service - - Issue @ ] AN through co-creation with
providers §op i — J- OEMs/service providers

Analysis

J, Requirement (for New value)

Collection & Update Development

Software Backend design
update ()

Data collection from vehicles \_g¢, O R r“ J Implement innovative value
after sales and software o o ® into services / systems
updates (0) (0) \%%"e EH %8 ==z (on-boarding, backend)

On-Board design

3. On-board Testing 2. Seamless Deploy

with Generative Al with Determinism

AStemO © Hitachi Astemo, Ltd. All rights reserved. 20



4-7. Seamless Deploy with Determinism: Overview ﬂﬂ‘%?ﬂ!&

B Engineers develop software and test in cloud. Expectation: software can run on-board like in cloud.
B There is timing issue between on-board and backend. Solution: Deterministic Execution.

Application Cloud CPU -
Development orogram e AD/ADAS Applications
‘E Solution
& $ build Deterministic Execution
Expectation
LS code T AUTOSAR Adaptive Platform
\L/ - |/\? (R20-11)
@ =N 0
[ —
W — QNX OS (SDP7.1)

AWS Graviton2

program | EEE
) O O

powered by aws

|

CPU a * e

performance Timing Issue

AStemO © Hitachi Astemo, Ltd. All rights reserved. 21



4-8. Seamless Deploy with Determinism: Prototype I,HJT‘%CL"Q

B Developed and Evaluated a prototype. Confirmed deterministic exec realize timing gap reduction.
B Expect the technology contributes to efficient software development with seamless deploy.

W Evaluation Setup AA: Adaptive Application B Results (output timing)
60 [ms]
Pattern 1 Pattern 2 AA1&2 (Pattern 1) AWS Period
AA1 AA2 AA1 AA2 » 79 AAL: S0ms
(low) | _(hioh) (ow) B (high) L — AA2: 50ms
Deterministic 20 AA1 (Pattern 2)
Execution bi
20 19 gap
AUTOSAR AP 0009P00000000000000000000000000000000000090000001
10 .I AA2 (Pattern 2)
QNX OS 00000000 00000000000000000000000000000000000000¢
0
S4 ® R-Car S4 LET @ R-CarS4 AA1 e R-Car S4 AA2 @ AWS LET @ AWS AA1l AWS AA2
SW’ SW”
control period control period
AA2 | AA1 AA1 (o] .
Acceleration of
| ¢ > T iT i > ﬁ Software Reuse

oy
Astemo © Hitachi Astemo, Ltd. All rights reserved. 22
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4-9. Seamless Deploy with Determinism: Example I,HJT‘%,CL"!f

B Trial: applying deterministic exec to Autoware as an example to evaluate real-scale systems.
B Progress: completed partially and investigating whether real-time performance is maintained.

B Example Setup W Evaluation by Simulator

Autoware Universe
(Customized)

Deterministic
Execution

ROS 2 Humble
Ubuntu 22.04
AWS

P

Simulator

AWS

powered by awWs N e o i L | _
Astemo © Hitachi Astemo, Ltd. All rights reserved. 23



4-10. loV Platform Service for Value-First Development ﬂﬂ%?ﬂ!&

I B oV Platform accelerates the evolution cycle based on value-first development

for co-creation
m Create innovative value
\, - - g
= T\ ¢ (serwces/functlo_nalltle.?s)
Issue @ D through co-creation with
— OEMs/service providers
bjd

. Customer’s Service .
Analysis l Process & Tools Creation

Collected data storage/
management/analysis and
sharing with service
providers

- (O_ [y
~

/

EVOI tion J, Requirement (for New value)

- TVehicIe data
Cycle
Collection & Update \/ Development

. Eggt;"{(gre () Backend deS|gn
Data collection from vehicles \O 5 _i' r’ Yy Implement innovative value
after sales and software @ — o o ® into services / systems
updates (@) (@) \%%"e EH %8 ==z (on-boarding, backend)
On-Board design

3. On-board Testing

with Generative Al
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4-11. loV Platform: Example of Vehicle Evolution (Al) waTIACHR,

BAfter Al is well tested in backend, it's distributed by container. On-board testing MW enables that testing
software can test Al by utilizing sensor value. If Al error happen, input date is uploaded for re-learning.

d i 7= Blackbox Consolidation
> >
o 5 N BE
=2 = Al Software Testing Software
% 'g (ex. Object Detection Al) (ex. Generative Al)
4 E

on-board testing middleware

<> Al SW (interference isolation)
3 Test sw SOAFEE
(o) . .
Learning Data @ on-board testing (Al)
S | b b = Extraction Al output Answer
P Degradation violation (Object Detection Al) (Generative Al)
detection - — Input A - T .
c c
: = = Input B
Learning o) =2 i | VS
DEE! ® o input & i : g
B et . »Time
D Al input+a

(Al improvement,
situation understanding)

AStemO © Hitachi Astemo, Ltd. All rights reserved. 25




4-12. On-board Testing: Overview ]rH;!T%CI!I-I!f

B On-board testing middleware enables to test new functions in user’s vehicle.
B On-board testing technologies can accelerate software development.

_____ Fix Develop l Use case (Example: AI)
Trouble i i Al New -
Scene ! @ i i Function -

com
pare

com
pare

Al test

Background Execution (N+1) drive 5
Al Testing S
%3 [ Architecture
Application _ 03
On-board Testing MW 3 . .
Dedicated HW/CPU HW/CPU Sharing
Container Orchestrator (k3s)
: AD
Linux ! _L _}C >_’
Nvidia AGX Orin AWS Graviton?2 Test Test

SOAFEE powered by daws

AStemO © Hitachi Astemo, Ltd. All rights reserved. 20



4-13. On-board Testing: Example (Object Detection Al)

Before Update (old)

ccUracy Rate : 62.9% 6

7

number of objects

ts

number of objec

car: red
truck: purple

Astemo

5_

4+

w
T

;%]
T

Test Result (comparison with Gen-Al)

'number of match D
' l a |
n - ' l
! / l ) {“l\ ‘1 |
1 \f avdd b" | I'\v‘ :l'
&J'I { & L?HJ 5# ‘“ 'y x \.‘ !
o LUl Y
° ZID 4ID in?il?ax of frames BID 160 l2|0
I nijmber of misses B

© Hitachi Astemo, Ltd. All rights reserved.
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5. Conclusion n'f'JT‘??]Cmf

We introduced “Hitachi Astemo’s Vision for Software-Defined Vehicle”
and “Internet of Vehicles(IoV) Platform”.

O Value-First Development

OO0 Use-case

v PoV / PoC Environment
v’ Seamless Deploy with Determinism

v On-board testing with Generative Al

We welcome further SOAFEE collaboration partner.
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