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(source: mckinsey.com/auto2030)

AUTOMOTIVE
REVOLUTION
2030
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Source

Challenges

Regulation and Compliance®” “ Automated and Autonomous

OECD Driving: Regulation under

Safety uncertainty

Intelligent Transportation Planning

i

Communication Infrastructure G/
. . . TOYOTA
Vehicle to X communication

Regulation and Compliance <z “ Protecting the connected car

McKinsey&Company i the era of new regulation”

EY

Why the EV battery life
cycle is more important
than the battery life “

Battery lifecycle management (inc. waste management)
Smart Grid Infrastructure (inc. energy storag{} TsD

Regulation and Compliance >
accenture

“«

Competitive Mobility Service Delivery  Forbes

Traffic
Multimodality

“ Integrating Shared Mobility into
Multimodal Transportation
Planning “

Leading the world to 5G:Cellular Vehicle-to-Everything(C-V2X) technologies
http://www.foeeurope.org/sites/default/files/publications/13_factsheet-lithium-gh.pdf
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/start-me-up-where-mobility-investments-are-going
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Facts & Figures

New norms impacting autonomous software
certification: SOTIF (ISO/PAS 21448), ASPICE

(ISO/IEC 15504), SAE J3061, UL4600, PEGASUS

5G as an enabler of mobility: 100+ billion
connected devices in the world by 2025
Vehicle to X : X= Grid, Vehicle, Pedestrian,
Infrastructure, Network

Emission/efficiency regulation :EU 95 gCO2 /km,
2021; US 54.5 mpg, 2025, CA 15% ZEV 2025

Electric Car Batteries Recycling: as few as 5% of
lithium-ion batteries are recycled

Mobility as a Service Investments: from $0.2B in
2010 to $67.4B in 2023 (+56% CAGR10-19)




Software Defined Vehicle
System

Vehicle + backend service Apps and infrastructure + fleet feedback loops

Source: Tesla's 2023 Investor Day

Source: Mass over-the-air update of Tesla cars

D'('_LCY’ L
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https://www.youtube.com/watch?v=f6nTLTl5Tms
https://youtu.be/wt2b_1Wi_DU

Typical figures in T&M and
A&D (one program)

0,5 — 1 M requirements

Ve % o oo :.: 2 000 — 5 000 components

4000 — 15 000 functions

fe o % N 100 000 interfaces

N gy
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Acquisition Process
Group (ACQ)

72
Acquisition process ASPICE ACQ Map
—————

ACQ.2 Supplier request and I
- etacten = —
ACQ.3 Contract Agreement

ing

ACQ.4 Supplier monitori

ACQ.11 Technical
Requirements

AC0.12 Legal and
Administrative Requirements
'ACO.13 Project Requirements
ACO.14 Request for Proposals

ACO.15 Supplier Ou

Supply Process Group
(SPL)
a
Supply process.

2%
ASPICE SPL Map.

System Engineering Process Group (SYS)

SYS.1 Requirements Elicitation
System En g process

SYS.2 System Requirements Analysis S§§ SYS.5 System Qualification Test
ASPICE SYS Map

SYS.3 System Architectural Design SYS.4 System Integration and Integration Test

Hardware Engineering Process Group (HWE)

Software Engineering Process Group (SWE)

SWES Software
o SWEA Software 5 .
Hardware Engineering Software engineering Qualification Test
Tl Requirements Analysis S
HWE.1 Hardware ok HWE 4 Verification against .
Reay %

ments Analysis 5% Hardware Requirements SWEZ Software
Architectural Design | ASPICE S\
Map

Map

[HWE 2 Hardware Design HWE.3 Verification SWE.3 Software Detail
against Hardware Design Design and Unit Construction

Security Engineering Process Group (SEC)

[SEC.1 Cybersecurity Requirements Elicitation

SWES5 Software
WE Integration...
SWE 4 Software Unit
Verification

= . T o= Sk [SECA Risk Treatment Validation
fy process  ASPICE SEC Map

[SEC2 Cyhersecurity Implementation [SEC3 Risk Treatment Verification

Management Process
Group (MAN)

Management  ASPICE MAN Map
process

MAN3 Project Management
MANS5 Risk Management
MAN.6 Measurement

Reuse Process Group

(REU,

managemont process
%

ASPICE REU Map.

REU.Reuse Program Managem.

Process Improvement
Process Group (PIM)

The process is continually improved to respond
to change aligned with organizational goals

The process operates predictively within
defined limits to achieve its outcomes

The process is implemented using a defined
process that is capable of achieving its outcomes

The process is implemented in a managed
fashion and its work products are appropriately
stablished, controlled and maintained

The implemented process
achieves its purpose

SUP.1 Quality Assura... Supporting Process Group (SUP) SUP.10 Change Request Management Rrocesslimprovement
SPL.1 Supplier Tendering S§§ B9k
SUP.2 Verificati Supporting process ASPICE SUP Map [ SUP.9 Problem Resolution Management ASPICE PIM Map ]
The process is not implemented,

SPL.2 Product Release
SUP.4 Joint Review | [ SUP.7 Documentation | [ SUP.8 Configuration Management PIM Process Improvement ! .
or fails to achieve its purpose
Primary Life Cycle Processes Organizational Life Cucle Processes Supporting Life Cucle Processes

Process reference model
(VDA scope + hardware & cyber security

Process improvement model

Benefits: process evaluation by OEMs with ones from their suppliers to demonstrate end-to-end
artifacts traceability across the value chain, and obtain necessary certifications
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Add rigor and precision with a modeling language to

Help through system decomposition, behavior and interface definition

Digitalization - Mechanical CAD went through similar transformations over 30 years
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SE Practices for Describing Systems

Future

+ System design
* Analysis & Trade-off

+ Testplans

Moving from Document centric to Model centric
)
4/15/2008 Copyright © 2006-2008 by Object Management Group.

Model-Based Systems Engineering a
disciplined, rigorous approach to systems
engineering that uses visual modeling and
simulation to support

through

system life cycle

PICTURE = MODEL

Model repository provides a single source of truth!
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Define activities to implement
and expected results

supported by

support

T support
With what? Tools I_mprove the _efﬁciency of tasks
implementation, use of method
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Defines technics & methodology

How to do? to implement the activities

supported by

|
|

SYSTEMS ENGINEERING
HANDBOOK
FOR SYSTEM LIFE




Domains

Problem

Solution

Implementation

CSafhvara
Pillars

Requirements

i)

End-to-End Traceability

Rs-Pr

i)
Text-based

Requirements definition

Re-Pr
1

Model-based
Requirements definition

Rer
5
[SW] System
Requirements Analysis
for 8

RePr
15
[HW] System

Requirements Analysis
for HW
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Behavior

Structure Parameters

Requirements Behavior Structure Parameters

Measurements
Use Cases System Context of
Effectiveness

Stakeholder

N
e Functional Logical MoEs of

Analysis Subsystems Subsystems Specialty
Engineering

White Box Black Box

System System System System Integrated
Requirements Behavior Structure Parameters Testing

Subsystem... Analysis

Solution

Component...

Physical

Requirements Software Electrical Mechanical...

Implementation

Discipline-Specific Architectures
I I i

S0l Electrical Electronics [HW] Preliminary [SW] Software
Engineering Architecture Design  Applicative Architecture

Hardware, Software, Parts

RsPr RsPr RePr

QS I @g

[HW] Detailed [SW] Software Detailed Software Code
Architecture Design Design and Unit Construction Generation

Security

R
)
18026262 Hazard
Analysis and Risk
Assessment

R
i)
18026262
Functional Safety
Concept

RePr
15
18021434 Threat
Analysis and Risk

Assessment

RsPr

0

Fault Tree Analysis

Repr
1l

Failure Mode and

Effects Analysis

V+R Testing

RsPr

1

System Qualification

Rs:Pr
U

System Integration
Verification Validation

Rs-Pr

U

[SW] Software
Integration and Tests

[]

[SW] Software Unit
Verification Tests

R
i)
[HW] Electronic
Architecture
Integration and
Verification Tests

Rs-Pr
i)
[HW] Electronic Building
Block Unit Verification Test

MBSE collaboration
management

Rs-Pr

54

Configuration
Management Plan

Configuration
Identification

Rs-Pr
54
Configuration Status
Accounting

Change Management

Rs-Pr
[

Configuration Audit
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Requirements
Engineering

Systems Engineering
Electrical & Electronics
Engineering

Software Engineering
Hardware Engineering

Safety Engineering
Security Engineering
System integration,
verification and
validation

Change and
Configuration
Management
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&P System of Interest (Sol)

) Vehicle
y Interior

e ' v platform )
# T1 ¥ A = - Electrical

Headlamps " __OBD .

- .
A Sl propulsion
Navigation

From Sol logical solution
architecture to discipline-specific
design (Electrical/Electronics,
Fluid, Software...)

=2
(CATFLE_AP)
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With With
what? whom?

\ /

Inputs  mms) Process =) Outputs

I N

What

How?
results?

Source: 1ISO9001 Turtle diagram

Quality Management System
(QMS): focuses on process
management, compliance and
certification

\EN RIS

Lack of relevance for MBSE
application: process oriented vs
method oriented

Overemphasis of documentation vs
Engineering
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« MBSE: Focus on engineering
systems using models throughout
e S | - the system development lifecycle

HIETS

Domains
Requirements | Behavior Structure Parameters Safety

V+R Testing

End-to-End Traceability

System Qualification

= = I Benefits

1S026262
Functional Safety
Conce

Problem

sub-System White Box
Analysis

' - « MBSE methodology: improved
. understanding of complex systems

el el . behavior leading to more efficient
' and effective system development.

« Supports day-to-day engineering:
effective application of processes

oy
lisad
[ ailed [SW] Software Detailed Softwaze Code
MagicGrid® BOOK OF KNOWLEDGE rchitecture Design Design and Unit Construction  ° Generation fects Analysis Block Uni est Configuration Audit
A Practical Guide to Systems Modeling using
it Systémes.
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Requirements Elicitation Process System of Interest Black Box Analysis

Stakeholder Need Capture SOI context definition S0! black box functions definition

™ Establish 3 —
System o - ture initial Analvze
/ Identify Elicit vaptureinitia Analyze
Performance b 1o L e stakeholder stakehold
o Stakeholders Requirements s
Objectives

Define use
cases scenarios
~ ~ ~

; ose updat
talidate and ~ Propose updat

S Z . establish and ) stakeholder requ
Record .P.r!al',';e maintain m 7 Define MOEs for

Stakeholder Requirements Traceability ELEEE sol

Regquirements B Clifecycle (@) 3

Establish and maintain
traceability =

Quality Process MBSE methodology
Proposes set of activities to achieve: what to do Proposes practical way to engineer systems: how to do, with what
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Use MBSE methodology to support
process compliance for engineering

Benefits

« Effort focused on MBSE deployment
and adoption

« Compliance evidence through
traceability and document generation
from models

«  Scalability to cover multiple
standards

* Continuous improvement with PDCA
(Plan-Do-Act-Check)

ASPICE
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