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Today’s Key Note Address

What I want to share with you...

Let’s get started...
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How new technologies increase engineering

complexity and what to do about it...
+ Looking at”that step-by-step are coming into our lives, we can be impressed by
the results, by the possibilities new products offer, and by the way they slowly change our lives as
* These

well.
mre often communicating continuously with other systems and have
a certain degree of autonomy for taking decisions. Such “Cyber Physical Systems” (CPS), with
sometimes the human in the loop, pose real challenges to industries.
. Liﬁkinﬁ frim a systems design point of view, such new technologies tend to increase the

designer or an engineer needs to manage. Characterised by multiplicity, by
interdependence, by a certain degree of heterogeneity, with continuous interactions, and overall
with a product or system behaviour that is difficult to predict, such systems, such systems are also
difficult to validate. And, if it concerns safety-critical embedded systems, to get those systems
certified.

« Still, this is a road that is taken, and when looking for example at autonomous vehicles of
autonomous drones, such technologies are being considered, so to be able to cover the
stakeholder requirements, or more in general the

» So, what to do about them... This presentation aims at analysing the challenges and to propose a
methodology to support the design process. Starting from a new value-based approach to system
design and are suggested for the coming years, so to be able to
prepare the Tuture. AE-SUPAERO 3

* Novel (networked and intelligent) technologies
« Complexity
* Model-Based Systems Engineering and how to use it

* How to ensure we are developing the right system...
... and how to develop it right?

ISAE-SUPAERO 4
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Our society is changing rapidly

and new connected devices play a major role...
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Let’s just look back a few years and see what happened

1980’s
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“Local optimisation” or “Reuse” would not have - How to allow creativity?
How to look at other concepts?

led to these new products...

ISAE-SUPAERO

Pictures taken from internet
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So, what am | referring to...
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But also...

“Local optimisation” or “Reuse” would not have - How to allow creativity?
led to these new products... How to look at other concepts?

’ ) ISAE-SUPAERO 7
Pictures taken from internet

And of course...

“Local optimisation” or “Reuse” would not have - How to allow creativity?

led to these new products... How to look at other concepts?

ISAE-SUPAERO 8

Pictures taken from internet
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From limited or no
connection to heavily
interconnected systems...

OK, so this is an isolated
case, right?

Only related to mobile
phones...

ISAE-SUPAERO
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Diesel Engines

PM
[g/km]

Euro 5

kn  1996: EURO 2

2000: EURO 3
2005: EURO 4
2009: EURO 5
2014: EURO 6

D. Claraz, “Automotive SW Architecture — Engine Management Systems”,
Ecole d’Ete 2013.

Let’s look at another example
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The only way to address these challenges was via
specific engine management systems including

different sensors, actuators, and ECU(s)

Sources: European Commission, EPA
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Gasoline engine management to manage

the combustion and the depollution
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D. Claraz, “Automotive SW Architecture — Engine Management Systems”,
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Ecole d’Ete 2013.
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D. Claraz, “Automotive SW Architecture — Engine Management Systems”,

Cost pressure on mass-volume production

pushes for lower-end processors...

Example High End Project : 10
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x10/7 years - 900 system functions T+ 00
- -2001/0 .
= Average: prograysize: (K3 - 250.000 lines of code
—+—Max program size (kB) T 08
=& Average ECU price
0.7
0.6
,,Hbﬁ i:‘anlmilel
~_—OSEK operating sysiem + 05
SULEV Emissions
0.4
0.3
=+ 0.2
01
: : _ 0.0
B9 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06
ISAE-SUPAERO 12

R.A. Vingerhoeds



05/04/2022

New technologies appear also in infotainment...

Linking other devices for telephoning, music and video
* Using telephone applications directly via the car
* Very extended personalisation of the vehicle cockpit

Images Continental, from internet ISAE-SUPAERO 13

Cars continuously connected to the rest of the world,
communicating autonomously with other systems and
having a certain degree of autonomy for taking decisions.

autonomously driving vehicles, exchanging information with each
other and with the outside world,

* search for the optimal routes (distance, time ...),

» getting up-to-date (local) weather and traffic information, etc.

» decision on route over another one depending on the received

information,
Motus, L, Vingerhoeds, R.A., Meriste, M., «Challenges for Real-Time Systems Engineering, . . . . .
Part 1: State-of-the-Art», Proceedings of the Estonian Academy of Sciences and Engineering, ~ ® detection of (mOVlng) obstacles and effectuatlng corrective actions
Vol. 11, Nr. 1, pp. 3-17, 2005.
Motus, L, Vingerhoeds, R.A., Meriste, M., «Challenges for Real-Time Systems Engineering,
Part 2: Towards Time-Aware Technology», Proceedings of the Estonian Academy of Sciences

and Engineering, Vol. 11, Nr. 1, pp. 18-30, 2005. ISAE-SUPAERO Images Continental, from internet 14
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System of Systems (SoS)

» A system of interest consisting of different system elements in their own right is called a system-of-
systems (SOS)

* similar architecture to that of a system
* managerially and operationally independent

« potentially at different location geographically
=> access to different information and in different contexts

System-of-Systems

System

* Individual elements of SOS are optimised
for their own purpose

» Resulting SOS therefore most likely not
optimised

ISAE-SUPAERO 15

Internet of Things (loT) ...

» Connecting any device to the Internet (and/or to each other)

+ cellphones, coffee makers, washing machines, headphones, lamps, wearable
devices ...

* Interrelated computing devices, mechanical and digital machines, objects,
animals or people with unique identifiers and the ability to transfer data over a
network without requiring human-to-human or human-to-computer interaction

 Giant network of connected "things" (which also includes people). The
relationship will be between people-people, people-things, and things-things.

‘ Now it is getting complex...

ISAE-SUPAERO 16
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The impacts are tremendous

and go beyond just the system under development...

What do we need to do to address these issues

omplex systems are systems that display behaviour that
is unexpected, emerging, and/or unpredictable.

» Large scale applications, distributed, with many participants, multiple interests, multiple perspectives,

» The involvement of many stakeholders with different, sometimes conflicting, interests and goals, requiring
extensive cooperation and coordination throughout the system’s lifecycle,

» Decision-making by stakeholders on the basis of uncertain, incomplete, inconsistent, or ambiguous
information,

» Continuous change that may span many years,

» Systems of systems — embedded and connected — autonomous sub-systems with different norms and values,
rules of engagement and agreement, communication architectures, and requirements for trust,

[©]
» Many parts and many dependencies between parts and with the environment, ®

» Technology not readily available at the beginning of the program, .

» Not one unique objective measure to determine the quality of a design,

» Emergent behavior, unexpected events Well, isn’t this exactly

what we are talking

Extended from about?
Flood, R. L., (1990). “Liberating Systems Theory”, In: Liberating Systems Theory. Contemporary Systems Thinking. Springer, Boston, MA., and =

Poel I. (2009). “Values in engineering design”. In: Meijers A, editor. Handbook of the Philosophy of Scii | : Philosophy of
technology and engineering sciences. Amsterdam: Elsevier, pp. 973-1006. clé%%kaﬁﬁ]&l%ﬁ&

R.A. Vingerhoeds 9



with the outside world

consistency
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Modern complex systems and

what characterizes them...

» Systems of systems (with the associated characteristics)

ISAE-SUPAERO

* Reuse of previously developed systems and software _ Carefull!

Integration becomes a major issue _ A

Careful, the problems often emerge atbetween (sub-) systems and/or

* Need for completes solutions along logical and time-wise coherence and

New plol and data collected for 2010-2017 by K. Rupp
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten

K. Rupp, “42 Years of Microprocessor Trend Data”.
https://www.karlrupp.net/2018/02/42-years-of-microprocessor-trend-data/
(accessed Jun. 11, 2019).

ISAE-SUPAERO
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27-29 June 2018.
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First of all, let’s look at the design processes

and how to address needs and desires...

Even the design process is getting complex

Classical view on systems development

Operati fi . ’
System // changes, upgrades, ... // end of life, ... /

System
Verificatiol

Feasibility Study,
Concept Exploration

Iterations for different release:
for each engineering discipline

System
Requirements

/\X Systems Integration

Subsystem
Validation

Systems Engineering

3 SW Engineering
Testing
/ Mechanical Engineering

Detailed
Design

Development

Vingerhoeds, R., Mifdaoui, A., Saqui-Sannes, “Educational challenges for Cyber-
Physical Systems Modelling”, Proceedings MOSIM’18, pp. 221-228, Toulouse,

ISAE-SUPAERO 22
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Concept phase

Needs & Desires

L Requirements
L ]
- L Functional Analysis

Mission Analysis ‘
L Logical Architecture
Requnementmawsls|

v L Physical Architecture
[Functional Analysis \ y
Logical Architecture Analysis
Requirements Traceability
Physical Architecture Analysis \ o .
? @) Use of Model-Based
Venma\iordianc:l//

Operational Analysis

Systems Engineering
as main paradigm

®

Razafimahazo E., P. de Saqui-Sannes, R.A. Vingerhoeds, J. Soula, R. Mége, C. Baron,
“Towards a Customizable Architecture for Indoor Multi-Usages Drones”, accepter for ICAS 2022.

ISAE-SUPAERO 23

Three main processes in parallel

» Adapt and refine initial requirements —
> reqmrements des'Qn process objectives N process assessment

[ design process \

\ coordination / L
progress assessments / coordination strategy

« Integrated design of artefact/system v
(taking different perspectives into

account) = artefact design
coordination strategy
needs and desires T ; coordination strategy
+ Coordinate design process (e.g. [ requirements | e
7 artefact & design - i v : T
resource management) = design reqUirements el req:;:f,',"em e st
process coordination assessments - design artefact
progress assessment assessment
progress assessment

» With simulation / experimentation
getting to the revised generic
design model

Brazier, F., Langen, P. van, Lukosch, S., Vingerhoeds, R. «Design and Engineering of
Complex Systems, in: H.L.M. Bakker and J.P. Kleynen editors «Projects and People
— Mastering Success», pp. 34-59, NAP Foundation Press, 2018.

R.A. Vingerhoeds
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Now we can start to elaborate

* Functional requirements will drive the functional assessment for the design and will lead to a logical
architecture

» Behavioural requirements will drive the performance and will be used to verify whether the proposed
solutions are performant enough

uc|uc uc uc Trace to Trace to
01 02 03 04 stakeholder needs  Functions

System requirement Priority

Stakeholder(s)

The system shall e

« Structural requirements will impose (partial) e —— :
solutions and constraints and therewith limit the W wesn |4 x v x| seos

desian space ctont | vt | o | 3 | 3 || oomonan
gnsp
ImaLonss | x | % | |k Sti.NG.0L03 BIM_Expert

« Experiential considerations influence the design  |rems  EEEES7 aes e e o] s

and its process, and may partly be transformed into 2 L
funtional, behavioural and/or structural requirements | n,
Excerpt of the requirement table for the indoor multi-usages drone.
s o customiable rchecsars for Inpor WltUsnges roness.acsopenfo IcAS 2072, |SAE-SUPAERO 25

Step-by-step getting to a logical architecture

Workd_Madel
<<Logical_Component=>
Indaor Mobie System
<<Logical_Component>>

<=Logical_Componenth> <<Logical Component=> Data Processing Module

‘ercefion htodule Data Callection Module

—_— [Workd_Mode! | R

Pmﬂgapuaﬁmnremnmﬁ(m; CoBect data {F4)
l—
Action
=<Logical_Chmpanent~> Action
Mission Plagning Module
==Funetion>> | Collected_Data
Fian the mizdion (1) |
Collected_Data
State_Vector
<<l ogical_Cpmponent=> <<Logical_Cpmpanent>>
Motion Management Module ‘Communicgtion Module €<L:'vgonal Component>>
itSring ule

=<Funetion>> e e =<Function>> -

Manage the movement (F2) '——-— Exchange information (F8) State_Vector = L

4 : P!mnrle F_eedm #n r
| Oag om:: 1 |

Initial logical architecture of the indoor multi-usages drone system.

Razafimahazo E., P. de Saqui-Sannes, R.A. Vingerhoeds, J. Soula, R. Mége, C. Baron,
“Towards a Customizable Architecture for Indoor Multi-Usages Drones”, accepted for ICAS 2022. ISAE-SUPAERO 26
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Source: Chris Paredis, Georgia Tech, from internet
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From Model-Based Systems Engineering

to Concurrent Engineering...

Building on the benefits of models...

Model-Based Systems Engineering
Moving from Documents to Models (1/3)

A a®

Marketing ! i
Software r] 'rs

Analysis

Project
Management

» Power plant

ﬂ * Transmission
n" + Brakes
: * Chassis
Manufacturing CAD e
ISAE-SUPAERO 28
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Source: Chris Paredis, Georgia Tech, from internet
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Model-Based Systems Engineering

Moving from Documents to Models (2/3)

Marketing AA.

Implicit

Project ! Dependencies

’ b

Management S between :
il eeet Documents .-
74 v
= g )

I « Power plant

« Transmission

* Brakes
* Chassis

Manufacturing

ISAE-SUPAERO 29

Source: Chris Paredis, Georgia Tech, from internet

Model-Based Systems Engineering

Moving from Documents to Models (3/3)

Marketing

Project
Management

» Power plant
* Transmission
* Brakes

* Chassis

ISAE-SUPAERO 30

Manufacturing

R.A. Vingerhoeds
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‘Concurrent engineering is a systematic approach to
integrated product development that emphasises the
response to customer expectations. It embodies team

values of cooperation, trust and sharing in such a
manner that decision-making is by consensus,
involving all perspectives in parallel, from the

beginning of the product life-cycle.’

Consistency of goals betweer

And:
Downstream requirement consideration
Cross functional teamwork
Customer requirement consideration
Lead time as competitive advantage

ISAE-SUPAERO

Pictures taken from internet

etween functional areas

Marketing
personnel

Design

Manufacturing
specs

specs

~
o { ‘_ ‘I/
B e
AU S| Bl |
Design Manufacturing Production
engineer engineer personnel
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But then, also, why in sequential mode?

31
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Third Party ®
Application(s)

Manual® Interface

Third Party

b ¢

REST Interface

witerieg B
Su

Nanospacs Ui (A6 3}

s Server Side

A Nunespace Consie|lation for the Nanostar project: the Nanostar Sofiware Suite (NSS). Green circles explicitly Hiustrate the degree of int ‘

- Provida web appliation «

Nanospace-service 2]
i

vieb Sorver 5]
N

+ Accsss 1o gata through Kitp
Tothads -

from low connectivity (1) 10 a fully integraned process (3).

el

Third Party Seript(s)
Bthon Embedded
£ O code
HESTintetase) @ Embedded Interface

Angular

Database: Nanospace-08% |
oraon aatabase Neads)

System and Subsystems data

REST Interface

Embedded Interface

Thibault Gateau, Lucien Senaneuch, Sophia Salas Cordero, Rob Vingerhoeds,
“Open Source Framework for the Concurrent Design of CubeSats”, 2021 IEEE
International Symposium on Systems Engineering (ISSE), 13-15 September 2021,

ISAE-SUPAERO
DOI: 10.1109/ISSE51541.2021.9582549.

Simplified Nanospace Architecture. The green circles represent the three ways available to connect third-party applications. (1) Manually interacting
with Nanospace-UL (2) Through a provided generic interface (Python AP, or Angular Component). (3) Through the Nanospace REST interface.

An example in CubeSat Development

32
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Analysing the models

and get answers as to the complexity...

Using MIBSE should be more than just drawing diagrams...

Analysing Safety and Security Properties

Safety Pragmas

E<> Passenger.isInCockpit ==true&&DaorLockCantmner.lns.de==1

E<> DoorLockController,LOCKED EMPTY_COCKP:

DoorLockController.CLOSED_AND_LOCKED --> DaorLockCunther CLOSED_AND_UNLOCKED

DoorlLockControll de == 0 --> DoorLockController.inside>0

DoorLockControl EMERGENCY CALL —-> DoorLockController. CLOSED_AND_| UNLGCKED

DoorLockControl ERGENCY_CALL --> DoorLockController.CLOSED_AND_UNLOCI

Do e IN_| EMERGENCY CALL --> DoorLockController.CLOSED_AND_LOCKED || DuurLuckCnmmﬂsr CLOSED_AND_UNLOCKED

Model checking

Model checking SysML models.

Safety Pragmas

% E<> PassengersInCockpit ~=trueBBDoorlockControllr.inside==

#A E<> DoorLockController.LOCKED_EMPTY_COCKP!

% DoorlLockController. CLOSED_AND_LOCKED --> E toriockenrtmler CLOSED_AND_UNLOCKED

% DoorLockController.inside == 0 --> DoorlLockController.inside >0

% DoorLockController. IN_EMERGENCY CALL > DoorLockController. CLOSED_AND_| UNLOCKED

% DoorlLockController. IN_EMERGENCY_CALL --> DoorLockController.CLOSED_AND_UNLOCI

% DoorLockController.IN_EMERGENCY_CALL —> DoorLockController.CLOSED_AND_LOCKED || DoorLockContraller.CLOSED _AND_UNLOCKED,

/4
Properties expressed and checked in the SysML model.
P. de Saqui-Sannes, L. Apvrille, R. Vingerhoeds, “Checking SysML Models against
Safety and Security Properties”, Journal of Aerospace Information Systems, AIAA,
DOI: 10.2514/1.1010950, On-Line 5 November 2021. ISAE-SUPAERO 34
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N of steps: ¥

Pending transaetions
i Black [SYNG signal

Interactive simulation

@ Terminate simulation and quit

[ Simulation infarmation
Status: Stopped Time: 1 Transactions: 55 Coverage: 34.8%

€ Displayed blocks | 0 Latencies | & Randomness
Options £l Blocks & Variables

€ Asynch. msg

& Transactions & Met states

¥l Animate UML diagrams Show AVATAR IDs on diagrams

] Shaw hidden state In sequence diagram (] Auto open active state machines

| Trace in sequence diagram # of wansactions: |1index of last trans. 0

¥| Auto execute empty transitions ¥| Auto enter states

|
| in Block Autopilat: R{
)

SeNiwPOsRION(IE,

=

flghg

Wwn simulation for x commands. Works only if the simulator is "ready”

L. Apvrille, P. de Saqui-Sannes, R. Vingerhoeds, “An Educational Case Study
of Using SysML and TTool for Unmanned Aerial Vehicles Design”, IEEE Journal
on Miniaturization for Air and Space Systems, Vol. 1, No. 2, pp. 117-129,

DOI: 10.1109/JMASS.2020.3013325, 2020.

ISAE-SUPAERO
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Simulation of the systems behaviour

35

Abstracting a SysML

viewpoint of model

the system

Graph

Reachability analysis.

Actions ignored
setNewPosition_7setNewPosition(10098) [0~ LS
isetNewPosition_2setNewPosition(10099) [0
IsetNewPosition_7setNewFosition(101101) |
IsetNewPosition_?setNewPosition(9797) (0.
IsetNewPosition_7setNewPosition(3798) (0.,
isetNewPosition ?setNewPosition(9798) [0..
IsetNewPosition_?setNewFosition(98100) [0
| IsetNewPosition_2setNewPosition(9897) (0. —
IsetNewPosition_7setNewFosition(9898) [0..
IsetNewPosition_?setNewPosition(9893) (0.
IsetNewPosition 7setNewPosition(99100) [

ions taken inta account

iflight_7light [0..0]

Hull_tfuliMemary) [0..4]
IgotoPosition_?gotoPos|tlon(100100) (0..01
tgotoPosition_?gotoPosition(9898) [0..0]

o
i flighe_lighed 100

ctureWasSaved ?pictureWasSaved() [4..4]

ctureWas Taken_7pictureWasTaken( [1..1] 0 Wiamsteas 0 290 ROTIAE ADILO0) (0,.0]

cture_Zpicture() [0..0] g el a0 ’ )

kePicture_takePicture() [0..0] /:m.‘,,, ke Picture. ake Pictured [0..6]
o Ammmiesicu_ensmisien ) 0]

| by = -3 ]

alctureWasTaken_TpictucwasTakend |

[a] il T
Minimization: tools and options
| ¥ Save the minimized graph in AUT format

fqraphs minimizedS.aut
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[piCTLIreW 3 S5a Ve TDAcTLINW asSave dil 4. 4]

Remove internal actions
| Only remove tau transitions
® Complete minimization [Experimental]

Falacs sations sud sham alish as latealta abs

Verification by abstraction.

L. Apvrille, P. de Saqui-Sannes, R. Vingerhoeds, “An Educational Case Study
of Using SysML and TTool for Unmanned Aerial Vehicles Design”, IEEE Journal
on Miniaturization for Air and Space Systems, Vol. 1, No. 2, pp. 117-129,

DOI: 10.1109/JMASS.2020.3013325, 2020.
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Verification by abstraction, the reachability graph

36
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Analysis of real-time behaviour

before realisation of the system(s

The inherent asynchronous
communication and the choice of the
» « logical » coherence micro-processors leads to the need

for specific formal analysis methods
s ©

* An approach to assess during development on the real-time behaviour of systems and their
interactions with other systems is necessary so to ensure proper functioning during operation.

» Guaranteeing a proper functioning of (distributed) system

» temporal coherence (often “forgotten”)

+ Different approaches exist for such analysis, with specific
characteristics = goal to link them to a model-based systems
engineering approach

Frame wransfer in a communications system

Motus, L, Vingerhoeds, R.A., Meriste, M., «Challenges for Real-Time Systems Engineering,
Part 1: State-of-the-Art», Proceedings of the Estonian Academy of Sciences and Engineering,
Vol. 11, Nr. 1, pp. 3-17, 2005.

Motus, L, Vingerhoeds, R.A., Meriste, M., «Challenges for Real-Time Systems Engineering, Motus L., M.G. Rodd, “Timing Analysis of Real-Time Software”,

Part 2: Towards Time-Aware Technology», Proceedings of the Estonian Academy of Sciences Pergamon Press, 1995.

and Engineering, Vol. 11, Nr. 1, pp. 18-30, 2005. ISAE-SUPAERO 37

Design Structure Matrix (DSM)

* A network modelling tool used to represent the elements oaoH
comprising a system and their interactions, thereby Orobakons
highlighting the system’s architecture or designed structure. i,

» DSMs are particularly well suited for applications in complex o
systems development and in the area of engineering ki
management. s

* Due to their structure, DSM'’s allow for analysing using matrix
operations.

* Their creation, however can be very cumbersome and error prone.

S.K. Salas Cordero, C. Fortin, R. Vingerhoeds, “Concurrent Conceptual Design
Sequencing for MBSE of Complex Systems through Design Structure Matrices”,
Proceedings of the Design Society: DESIGN Conference, Vol. 1, pp. 2375-2384,

Cambridge University Press, doi:10.1017/dsd.2020.96, October, 26-29 2020. ISAE-SUPAERO 38
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automatically without loss of information.

Extract Shape
MBSE software . Model data » DSMs, DMMs,
MDM
Opensource advantage Relevant data structure
Data export reliability
Data storage files Relevant data

Data storage architecture
Creating a data extraction tool

W. Pons, S. Salas Cordero, R. Vingerhoeds, “Design Structure Matrix Generation from
open-source MBSE tools”, 2021 IEEE International Symposium on Systems Engineering

(ISSE), 13-15 September 2021, DOI: 10.1109/ISSE51541.2021.9582525 ISAE-SUPAERO

* Building upon models developed in a MBSE environment, the DSM’s can be generated

05/04/2022

Automatic generation of DSM’s

39

Example DSM generation

(Numeric Directed Components DSM)

~ in abs_open
= in obs_olesed)
~ in sbs_magnstronstarg)

W. Pons, S. Salas Cordero, R. Vingerhoeds, “Design Structure Matrix Generation from
open-source MBSE tools”, 2021 IEEE International Symposium on Systems Engineering

(ISSE), 13-15 September 2021, DOI: 10.1109/ISSE51541.2021.9582525 ISAE-SUPAERO
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Analysis of obsolescence risks

» The term of obsolescence goes beyond only the availability of a component from its OEM
» Functional: due to changes in the system requirements or changes in other parts of the system.

» Technological: when more technologically advanced components have become available and older parts
are no longer supported.

+ Identification of obsolescence risks early on in ! Syt Dosumertain |
the design process allows for proactively

addressing these risks [ ——

+ Building upon models developed in a MBSE pesns s s o

environment, methods can be proposed to e A Awdocosbongiy
identify these risks

» Such approaches allow for knowing a priori the

Requirements
-

risk that a certain part represents in an architec-

ture could impact on the obsolescence ‘

management plan. AN |
Sophia Salas Cordero, Marc Zolghadri, Rob Vingerhoeds, and Claude Baron,

“Identification and Assessment of Obsolescence in the Early Stages of System Design”, UPAERO
Journal of Integrated Design & Process Science, DOI: 10.3233/JID-210018, in Pre-Press (%?fzﬁ.
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In conclusion

and trying to summarise...

... what | was trying to explain
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Conclusions

Novel (networked and intelligent) technologies are step-by-step taking a bigger place in our lives, but
increase design complexity of the concerned system(s)

A structured design approach starting with analysis of needs, desires and values leading into requirements is
proposed, linked to a recurrent use of three in parallel running design processes on requirements design, the
artefact design and the design coordination.

The use of MBSE is recommended from the earliest starts, but not only to draw, but to do analyses as well on
the logical coherency and completeness, the time-wise behavior, links to complementary tools, etc

The adoption of concurrent engineering offers interesting possibilities
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Research orientations

More fundamental work is necessary on

better consideration of requirements and alert on breaches of constraints,
multidisciplinary approaches (and seamless connection / data continuity),

prediction of systems behavior in terms of functionality, as a whole and of the components in their
environment, ...

allow to concentrate on the different components of the systems,

support
+ the individual technical skills for each discipline,
 optimization and reuse,
» multi-technology concurrent engineering,
* intuitive use,
better integrate project management tools,

support and integrate new approaches, such as agile development,
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