3DEXPERIENCE

Model Based Systems

Engineering
Matti Koskipaa



Agenda

Why Systems Engineering

Systems Engineering V-model and layers
Systems Engineering Frameworks and Methods
Implementing Systems Engineering

How you should use Systems Engineering

D?g DASSAULT

SYSTEMES



tion | 1/19/2021 | ref.: 3DS_Document_2020

| Confidential Informa

© Dassault Systemes

Agenda

Systems Engineering V-model and layers
Systems Engineering Frameworks and Methods
Implementing Systems Engineering

How you should use Systems Engineering

D?g DASSAULT

SYSTEMES



A Key Problem - Thinking in “Discipline Silos”

» Discipline focussed _ _ , * Time spent on non
Mechanical Electrical Software Electronics
added-value tasks

* No digital continuity
7 ‘ i= LY * Misunderstanding among
» File based approach — UL e stakeholders

» Different data sources i 1 » Product quality issues

« Lack of traceability ﬁ% « Project delays
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What is Systems Engineering?

Systems engineering is a holistic and systematic interdisciplinary approach and means to

enable the realization of successful systems in large projects and connected worlds
Based on multi-industry best practices framework: 1S015288

= Understanding the problem before jumping

into the solution (stakeholder needs, context,

use cases, behavior)

= Strong focus on customer needs and required
functionality for all product lifecycle phases

= Considering the complete problem
incl. operations, performance, test,
manufacturing, cost & schedule, training &
support, maintenance, disposal

= Reducing complexity by decomposing the
system of interests
into subsystems with clearly defined
functions, interactions, responsibilities,...

understanding the
problem space e

need <

g assess system
i@ value

» validate operate decomission

requirements

design integrate support dispose

constramts

understanding the
solution space

accept
assess system
cost and risk

DS SESrEE

detail design/
manufacture/
product code

Source: INCOSE
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Systems Engineering Overview

Define activities to achieve a

supported by support
Defines techniques to perform
How to do? Methods processes activities
supported by l T support
With what? Tools Improve the efficiency of activities

through methodology

SYSTEMS ENGINEERING
HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE
PROCESSES AND ACTITIES

SYSTEMS
ENGINEERING

FUNDAMENTALS

MMMMMMMM
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Systems Engineering V-model

|::> Requirement [ system ]":>[ Product As ]
[ Needs I Management o Validation System
Functional o System
Analysis Verification
Logical
Architecture o o System
Design Integration

System and sub systems
Level
Systems Engineering/OEM

Component [ Component ]
Analysis & Test
Architecture

)Y

@
[ Physical Design o N & 0306

Component Level

Discipline engineering/Supplier [ Implementation ]

2
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Systems Engineering V-model in more details

Stakeholder Needs \ Acceptance & Test Criteria ! Approve

Context Definition i i .
—Horizontal traceability Validate

Behavior

Functional & Logical . Integrate
; Vertical
Architecture .
traceability ifi
System Requirements Verificate

-

Information &
Change
management

Subsystem Definition Validate

Subsystem Behavior

Integrate
Subsystem
Requirements
Subsystem

Verificate
Architecture

Component Definition — Component Testing;
V&V
Component Development
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System model to federate disciplines and experiences

= traceability
';.-W. : - - : faflona/e ana[ysis Run the 'Go%az?- road" command befor 9
= 9 - .
Xeasn p I H? ﬁ.—: ﬁg—*
performance =
viewpoint estimates —LI
e & =,
Analysis
Models
System 3 T
MO l HL}%%%N
_Soft Systems Faictor 5 Software }
i system framework for design Engrnestng 1. e T
Collaboration ) 9 SRS 2 o

Engmeenn g 4

! Enter’g}xisé"
¢ Management |

v 3

Mechanical Electrical
Models Models

Sof't-\)v'a'\'re
Models

Electroni
c Models

Flmd
Models
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System of /\

Systems

2

fof conceptual

2 > [mplémeéented

8 = : 7

2 System |

s o

=2 ©

£ = - X

2 = Geometrical Architecture

§

$ >

Z >

5 &5

< Mechanical Fluid Electrical Electronic components

S components components components I . .
v - - i Hardware | :

Component LN : i :

: | b
2
12 DS

Contracting
Authority

OEM

Upstream studies

OEM

Downstream design

Supplier

NS
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CYBER PHYSICAL SYSTEM = System of Interest = Sol

Contracting
Authority

System of Mission modeling, simulation and optimization

Systems

(7]
2
3
Operational View Multi-systems contractual architecture and services models ‘g
~ =1 Functional modeling simulation and optimization S
= k7] OEM
Cyb'er Functional View—— System Architecture & Functions models =)
Physical _ . : . —
System 4 Solution modeling simulation and optimization
E Constructional View— Solution Architecture models and 3D outfitting model
(X)
© B . o
=@ Mechanical Fluid Electrical ¢b Electronics/Embedded Software
'g Operational View Operational View Operational View Operational View e : - OEM
T/ Functional View Functional View Functional View Functional View -
o . a7 e — -
2 = o >
kS 2
w o
S
o
£
g
Software % .
o2 N sy Supplier

Implementation diagrams and 3D physical

Implementation View Implemﬂgﬁ‘én Viewll Implementation Vie
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Systems Engineering V-model in more details

Stakeholder Needs \ Acceptance & Test Criteria ! Approve

Context Definition i i .
—Horizontal traceability Validate

Behavior

Functional & Logical . Integrate
; Vertical
Architecture .
traceability ifi
System Requirements Verificate

-

Information &
Change
management

Subsystem Definition Validate

Subsystem Behavior

Integrate
Subsystem
Requirements
Subsystem

Verificate
Architecture

Component Definition — Component Testing;
V&V
Component Development

DFISSFIULT
SLISTEMES




Document_2020

© Dassault Systemes | Confidential Information | 1/19/2021 | ref.: 3DS

Domains

Black

Problem

White

Solution

Implementation

Box

Box

Measurements of

Stakeholder
Needs

System
Requirements

Sub-system...

Component...

Physical
Requirements

Use Cases

Functional
Analysis

System Behavior

Component
Behavior

Mechanical, E

oyt Effectiveness
Logical MoEs of
Subsystems/
: Subsystems

Geographic zones
System Structure/ System
Space reservation Parameters
Product Structure/ Component
Space reservation Parameters

Digital Mock up

lectrical, Fluid, Electronics, Software...

PRA

FMEA
FTA

FMEA
FTA

FMEA
FTA

FMEA
FTA

D7S DASSAULT

SYSTEMES



Document_2020

© Dassault Systemes | Confidential Information | 1/19/2021 | ref.: 3DS

16

°

ineering

System of Systems Eng

$

Domains

- Problem
£

1.

Q

Q

£

)

c

L

E .

g Solution
a

Implementatio
n

Requirements Behavior m Parameters

What the system has to accomplish for the
stakeholders?

How the system will work to fulfill the system
specifications?

How the system is built?
Component specification

ineering

Specialty Eng
(e.g. Safety, Security, Human Factors)
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System of Systems Engineering EIE}

Cyber MagicGrid

Authoring flow summary

$

System Engineering

Domains i .
ensrenens | oo | _suvcwe | oasmets

Problem

Solution

Implementatio
n

Stakeholder Operational concept development
Needs and '

Requirements
Definition System Architecture Definition

\J

Specialty Engineering
(e.g. Safety, Security, Human Factors)

System Solution (cross-disciplines) Design Definition
Requirements\
Definition

Discipline-Specific Design Definition ,
Physical

Implementation
Requirements \
Definition "
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Solution domain

Typical high level process

Stakeholder Needs Black Box System

and Requirements Definition: System
Definition Services

White box system
definition: Technical
Functions & sub-
systems

System
Requirements
Definition

Solution Design
Definition
(incl. carry over)

Physical
Requirements
Definition

Implementation

System

development

5
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Gain points:

How to get started on the MBSE?

-50% prototypes

-20% time to market

Business development & portfolio planning

- -10% development cost
PrOjeCt management

Innovation capability

EA\ ) ‘U"“i' Specify Validate
e g ' functio- functio-
IR & liti liti . .
& j!, rees e significant reduction of
) project risks
Specify Integrate
Compliance against
- regulations/standards
J_\- Specify Integrate
( e ) subsystem subsystem Pre-requisite for complex
. safety related functions
A Develop e
< A component 1/ Test (e.g. autononomous driving)
' CHll- ' HW/ component
sSw

Enable handling of

| Information & traceability management I rising com plexity
I Configuration & change management I

20 Systems engineering role model & toolbox
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Requirements

» Unambiguous.

> Stated in such a way so that it can be interpreted

in only one way.

> Stated simply and is easy to understand.

» Consistent.

> Is free of conflicts with other requirements.

[l ENOVIA - Requirements Structure Editor - Autonomous Emergency Braking | 1

Display Name
- Autonomaus Emergency Braking | 1
-1 @8 Customer Features List 1
- B Actve satety 1
@ Aoaptive Cruise Contral &
@ Lane departure waming A
@ Tyre Pressure Monitoring A
@ ©onc Spot Detection A
@ ision Ennancement A
= @ comsion Avoidance A
[8 inter-urban moge above Interlro
Response time performance
8 city mode below City_MaxSpeed
- B orving Experience 1
@ orooknma
@ Extenced Battery Rande A

@ Autonomy A

Revision  Maturity State

» r o » P » B - = =

In Wark

In wrk

In Wark

in Waork

in wark

In Wark

Inwaork

In Waork

in work

Exists

Exists.

Exists.

In Waork

in Wwork

In Work

In Wark

» Complete. » Feasible.

> Needs no further amplification : it is measurable and > s technically achievable, does not

sufficiently describes the capability and characteristics require major technology advances,

to meet the stakeholder's need.

» Singular.

and fits within system constraints (e.g.,
cost, schedule, technical, legal,
regulatory) with acceptable risk.

> Includes only one requirement with no use of
conjunctions.

Ed ENOVIA - Requirements Specification Editor - Customer Features List

Refined into~ Cove =

r::“ Customer Features List containers: 10 Traceability Scope: none
La objects: 11

selected: none

MOSE Oriving HECISIONS are basen on Wht the oriver can see. In dayhgt, forward visibilty 15 Usually ad=quate, provided the weather is clear. Night
time riving, an the other hand, can be challenging

** 1.6 @ Coilsion Avoidance
Marty accidents are caused by lale braking and/or braking with insufficient force

Collision Avoidance Service wil Ustect potential abstacles (vehicles, Pedestrians, ...) and nelp the to avoid these kinds of accidents or, at least,
o reduCE thelr seventy.

Applicabie Standards and R
UROPE [EURONCAR
Us INFTSA,

CHINA  [C-NCAP
ORER |KHCAP

IAPAN  [MASVA iin
N UNECE R131 |

O RMAMONY3ssEEemert_Car/asy N

S COTANS AN e e AT 1 2 1140 T

2
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Functional — Operational Architecture

L 1 2 -0 3 “»

Missions Services \

Lifecycle f %
Y

Environment Operational
Scenarios

2
DS SESrEE



Functional — Lifecycle

» Lifecycle is much more than the usage

ent_2020

» It is critically important to consider all steps of the life of the product/system

ERRTS -0 1 4

& Manufacturing

yto customer  |g this missing
something?

© Dassault Systemes | Confidential Information | 1/19/2021 | ref.: 3DS_Docum

ing
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Functional - Mission

» With in Mission definition System of Systems and environmental factors will be
taken into account

Systems Traceabilif
B | 4 =0 i

Provide Safe,
Connected gnd Cost
_| efficient expgrience

Promote
Green Brand
Image

Provide on-demand
mobility services

D{S DASSAULT
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Functional - Services

Service definitions of the vehicle

Systems Traceability

Basket P4y -G

= Operational Architectures E

= Vehicle Lifecycle

= Mission

Comfortable traveling

= Collision Avoidance 4.7 (Collision Avoidance)

And a use case definition of one
service under safe driving ’

<

Collision Avoidance Service I Use Cases View

Py e \
A Externat Pacple

VVVVVV \ A Self-driving experience  Maintenance
S
J/

D7S DASSAULT

SYSTEMES
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Functional — Vehicle functional architecture

With Vehicle’s functional architecture all the external actors and
effecting environmental actors can be linked to the actual product
and see the effect on the product itself.

a0

External

objects

Weather |\«

Weather

= 7 tonind Ereyr st ot R - oot & comba Dot canieo ]

2
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Logical architecture

ent_2020

Once the functions
of the system had
been defined, then
in logical
architecture we can
define how the
functions can be
delivered to users

© Dassault Systemes | Confidential Information | 1/19/2021 | ref.: 3DS_Docum
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Powertrain

Body

Frame Suspension

2

> apr

Infotainment

Sensors

®©
SR =8
Interior

2
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Traceability

Key is to manage this whole chain of objects, so that e.g. system
architect can see what is the impact of a change in any of the

objects.

= OperdionalLigcyde A1 (Operdional ...
= \iehide Lifecyde A1 (Vehicle Likcyd..
= \ehide Usage A1 (Vehde Usage)
w Drivng & Parking A1 (Dnvirg)
= Crash Accidert A1 (Crash Accidert 1)

= Misslon A1 (Mission)

= Erndrorment A.1 (Ermironmert)

= Sanice A1 (Funchion00000508.1)

= Operafional Scenarios A1 (Operdtional

= Operaticnal Architechres A1 ‘ = Operafonal Achitectures A1
|
|

—

= Operaonal Lifecycle A1 (Operatoral ..

R

w AftersalesMairienance A1 (Atersales .

= Shared MoblityBocking A.1 (Shared Mob ..
= Misson A1 Mission)
= Provide Sa, Connected & Cost-Efiden..
= Promode Brand Image for Green Mobility ..
= Provide "ondemand" Mcbility Serice 1.

£ 2. Sppiicable Standards 1

13 Fudtional Requiremerts 1

1 4. Dyramic Functional Analysis 1

El 5. Logical Components Requremerts 1

[ 3 System Design Spediications 1
|

\

C

#%Senice Spedications1
= Standards and Reguation Compliance 1
=i Operational Analysis 1
= Systemn Reguiremerts 1
3 validetionand Veriication 1
=3 Parameters 1

m n «Quick Fiters u n

= Vehdle Functional Archiecue A1

= = \Ehide Functional Acchitecturs A1 (Ve...

= Users A1 (Users)
= Extemal Accesoiries and Loads A1 (Ex ..
= Road A1 (Road)

= Apmospheric Condtiors A1 (Afmospheric...

« Erergy A1 Erergy)

= \ihide fo X Commurications A1 (Vehid...
= Malrtenance Tools A1 (Maintenance Tool....

= External People and Objeds A1 (Extern .

Vehide A1
Electric P overtrain A.1 (Edive and Bat...
Chassis Moduar Platirm A1 (ChassasM .
Body A1 (Body1)
ElecticE lectoric A1 Eledronics Pl
User Irterface and Mulimedia A1 (Dash,,
Passerger Compartmert A1 (Passenger Co...
Perception System A1 (P erception Syste .
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How could you implement System Engineering

ent_2020

» Look at the work as your requirement specification and split it into requirements.
» You could even further engineer the requirements to understand unclear areas
» Think of the lifecycle of the system of interest and the environment
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Requirements

Create the report in pdf format. Handwritten solutions will not be accepted. Remember to attach the
requested images to your report. Show all your mathematical solutions stage by stage in the report.

2. Inthe project reports, follow the same section titles 1...3 given in the assignment paper. (1.
Background study (3 p), 2. Numeric Modelling (6 p), 3. Components (6 p))

ent_2020
—

Deliver report in PDF format
1, Needed images shall be included into the report

2. All mathematical solutions shall be shown in the report
1. Mathematical solutions need to be shown stage by stage

2. Inthe report follow the sections define in the MEC-E5001 Mechatronic Machine Design Project
work

1. Report shall have sections 1-3

© Dassault Systemes | Confidential Information | 1/19/2021 | ref.: 3DS_Docum
—
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