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PrL SE activities at EPFL

One of first Concurrent Design Facilities at a University N

« Now being made Next-Generation

Minor in Systems Engineering m—

o ~25 Master’s students/year

~2-4 professors related to discipline ngll%

 famous MIT Prof. Olivier de Weck associated fﬂ & M

- EPFL’s Space Center is a Systems home [
« Switzerland’s first satellite (SwissCube) ﬂ ﬂ]]
. EPFL Rocket Team G =

EPFL Space
Center



cPrl Sustainable Space Logistics

Refueling

S':r-\?i;?;tg I':imt;'; Research initiative with a systems and SoS view of space,
combining 2 concepts linked to holism & systems

Sustainable + Logistics
Debris Constellation /dea/’ new thlnklng’ P/’aCt/'CQ/, hO//St/C;
removal danlovtant an ESA & European shift space system design
priority drivers from performance

~

to cost & schedule

® In-orbit Resources
assembly extraction

Awarded ESA mission: ClearSpace-1
active debris removal (to spin-off

ClearSpace — 86M<€ mission)
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S Systems fields: history

* 40s & earlier: Industrial Control Theory

engineering . The Club of Rome, 1972
o Cybernetics Meadows report
* Engineering challenges move
outside the factory . 50s: General Systems Theory
e Operations Research & WWII: . Early computer simulation
problem formulation . Milestone: The Limits to Growth

* Systems analysis: OR in peacetime Systems science — biology

* US space race, Cold War, ecology, Earth science

computing: /\
* New “messy, complex problems” baby /CJ\

rabbits foxes

* NASA - interdisciplinary trade-
" e . offs, complexity

Center
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cPrL

Systems fields:

To (do other stuff

than make
products)

By thinking
holistically, about
interconnections...

Using Systems

Thinking

B eSpace
EPFL Space
Center

Bartolomei 2007 PhD thesis

Earth Natural Social Political Management I !nglneerlng
Science Sciences Science Science Science Science

Cognitive Systems Engineering
(Rasmussen, Pejtersen et al. 1994)

Product Development
(Ulrich & Eppinger 2000, Suh 1998, Otto & Wood 2001)

Lean and Quality Movement
(Deming 1986, Juran 1999, Ono 1988, Womack 1991)

\ Operations Research

context

Operations
Research

Systems ™~ " (Shannon 1948) "
Engineeri ng Systems Engineering
(Hall 1962, Sage 1992, Maier & Rechtin)

(Hillier 2004, Ackoff 1968, Churchman 1971)

Systems/Policy Analysis
(Quade and Boucher 1968)

Systems/Policy
Analysis

Hierarchy of goals

e Tech -
" (Hughes 1990, 1998, Bijker 1987, 1995)

Organizational Learning
(Simon 1982, Katz & Kahn 1966, Allison 1999, Argyis 1978, Senge 2006)

Social Network Analysis
(Wasserman, Faust 1994)
Game Theory
& Mur, tern 1953, Schelllng 1963)

Science, Tech
& Society

To: goal, value

(Von N

Agent-Based Models

(Axtell & Epstein 1996) (Axelrod 1984)

General Systems Theory
By funcﬁon (Bertalanffy 1968) (Boulding 1956) (Vickers 1983)
Human Factors Engineering
(Sanders and McCormick 1993)
Cybernetics

(Ashby 1963) (Beer 1967) (Weiner 1948)
]
Living Systems Theory
(Miller 1978)

!
Bioinformatics,Phamakinetics
(Lesk 2005)

Using: form

Systems Biology
(Kitano 2002)

Systems
Biology

System Dynamics

(Sterman 2000) (Forrester 1961)

Ecology
(Pielou 1969)

(Graedel and Allenby 2003)

Systems sub-fields across the Sciences

'
.w"&n 1ot



=Pk Systems Engineering: why?

« What is Systems Engineering’s function?

Marcus Aurelius, Roman emperor Q
“For any particular thing, ask: A
What is it in itself?

To enable the

realization of
successful systems

What is its nature?” ~
. “Systems” answers “how”, more than By considering
them in a holistic,
“what/why” interdisciplinary

way up-front
« We tell engineers: “think about your domain’s

connections to others, about the big piCturclmm Using Systems
alternatives here! Thinking and

« But other paradigms share the g Engineering

= copce ¢« Eat our own dog food!

Center



=Pr-L

Engineering Design

G. Pahl - W.Beitz

| x| | x (lbase plate

Origins in Mechanical Engineering

Konstruktionslehre

e Consumer products, automotive To enable the

realization of

e Europe (e.g. Germany, Pahl & Beitz 1977)
successful systems

Focus on product development processes

Design Theory, Design Research, Design Thinking By considering
them in a holistic,
interdisciplinary
way up-front

e Understand design as a human activity

Design Society is very active in research
e but no “INCOSE equivalent”? o

E.g. the field “owns” Design Structure Matrices! o
Jﬁ

e N2 matrices: show connections between functions,

m eSpace components, etc. David Kelley, founder of IDEO

EPFL Space ’
Center and Stanford’s d.school 9



Technlcaldetans I PLANNING MATRIX
mmmmmm
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e Product development using “Total Quality Contro L5 — He o ie s
Technical pricrilies 42 | 135 | 224 | 260 | 187 | 239

[ ] Strong interrelationship
@ Medium interrelationship

e Manufacturing-based, “imitation economy” shifts to ST —
3 To enable the

original design
realization of

e Links to Value Engineering, TQM, Six , successful systems

v

« Japan in 1960s

e Akao-sensei at e.g. Kobe Shipyards, then Toyota By considering them

| n a holistic,
e Fame: “Japan scare”, bubble years in 1980s interﬁ'ifciﬁi'nsa'ri way

e Went to US & Europe in 80s, then back to Japan up-front

« |SO standard, wide industry use

Parts Process Production
Measures % Characteristics % Operations % Requirements
e Qriginally 30+ matrices flow-down 3o I I
B eSpace S £= : e
EPFL Space
Center House of Parts Process Production

Quality Deployment Planning Plannin; 2



=Pr-L PLM

(Product Lifecycle Management)
Origins in US, 1980s: AMC (Jeep), Rockwell

e |ssue: design support systems — connect to exchange & reuse info To enable the
realization of

|dea: central database of interconnected engineering models ENCEESTEEERE

e Modern outgrowth: “digital twin”

. Connecting CAD and other models = Y considerng them
® Closer to detail design o, - _ 3 interdisciplinary’ way

* Quite successful now (tech winds), “going upstream” S throughout

More industry-driven and tool-drive
e Analogous to CRM, SCM, ERP

e Less academia... or theory o [ — Aty [

3DEXPERIENCE

= eshice Claim: “bottoms-up” vs. SE “top-down”

EPFL Space
Center
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=PrFL Agile Method &
Concurrent Engineering

Concurrent Engineering

PR

i AGILE

Early 1990s, associated to Toyota Agile development

best practices, NASA . Close to Scrum, Lean etc. ) &
Origins in software engineering

Concern: away from “over-the-
wall” engineering, accelerate early
design

early 2000s
Rapid prototyping, start-ups
Key concerns: difficulty in planning,

Collocated team simultaneously, _
requirements changes, feedback

rapidly designs system,
Also enabled by nature of software

transparently
I — Very popular
Often has - Y Pop
e e . Attempts at extending, combining
m ospace NOWISdEE e L

EPFL Space Increasing software everywhere...

Center

12
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cPrlL Guide to toolboxes

« Fields: “schools of thought of product development”

e Or “how to make stuff better”

Key Focus Approach Resources

Systems Engineering Complexity, holism, system V-model, key role (SE), focus on  Blanchard & Fabrycky, NASA &
goal, connections, lifecycle requirements flow-down, V&V INCOSE handbooks



=PrL Conclusion: call for action

 Use other toolboxes!

« SE is not the answer to everything — don’t be too silo’d!

e Why don’t we collaborate more? With other fields, approaches!

« “Why isn’t Systems Engineering more popular?”

e We aren’t looking with the right words!

« l|dea: Systems Engineering as a “school of thought”

o for goal “how to make things better” let’s focus on this goal, not the tool

e There are other schools. Each has strengths & weaknesses

e NOT trying to:
e Muddy the waters

" espae e Say “SE is bad” actually opposite, saying “our concerns are widely

Center shared” 14



Annotated references: some
attempts to bridge disciplines

e Hillary Sillitto (2014), INCOSE IS, “Integrating Systems Science, Systems Thinking, and
Systems Engineering - understanding the differences and exploiting the synergies”

e Zane Scott’s (Vitech) (2020, updated) INCOSE talk: “Family of Systems Disciplines”
https://www.youtube.com/watch?v=Yr32LUThL20

I
o
"I
—

e Jason Bartolomei’s PhD thesis introduction (2007, MIT)

e MIT’s Engineering Systems concept, division, & book series (from 1998)

e SE+ technology & policy + system & decision analysis, Operations Research +
Engineering Management & Innovation + Manufacturing, Product Development, Industrial
Engineering

e SDM & IDM twin master’s programs (“systems” & “design”)

e M. Mangieri (post-1998), The Role of QFD in Systems Engineering, (and many others)
http://mjmangieri.tripod.com/SE/mswe603.htm

B eSpace
EPFL Space

center ® Maier & Rechtin (from 1991), The Art of System Architecting (e.g. QFD+SE, a bit
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THANK YOU!

. Questions, comments?
« This is just a rough starting point!

- Please get in touch to discuss, or to learn
more about Next-Generation Concurrent
Engineering!



