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INCOSE Root cause of failures on
acquisition programs : US DoD

* Inadequate understanding of requirements

« Lack of systems engineering discipline, authority, and resources
« Lack of technical planning and oversight

« Stovepipe developments with late integration

« Lack of subject maftter expertise at the integration level

« Availability of systems integration facilities

* |Incomplete, obsolete, or inflexible architectures

« Low visibility of software risk

- Technology maturity overestimated

Karen B. Bausman
Air Force Center for Systems Engineering
Revitalization of Systems Engineering: Past, Present and Future
NDIA 25 October 2005
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INCOSE Definition of SE

Systems Engineering is an interdisciplinary approach
and means to enable the realization of successful
systems. It focusses on defining customer needs and
required functionality early in the development cycle,
documenting requirements, and then proceeding with
design synthesis and system validation while considering
the complete problem: operations, cost and schedule,
performance, fraining and support, test, manufacturing,
and disposal.

Systems Engineering (SE) considers both the business
and technical needs of all customers with the goal of
providing a quality product that meets the user needs.

o INCOSE SE Handbook o1
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meose  Systems Engineering ( SE )

SE involves the coordination of work

performed by engineers from all other

engineering  disciplines (electrical, S andaoeung

mechanical, computer, software, etc.) oH ofl @ o >

. o '5.‘ O | = '5-,

as required to complefe @ the Sl E|&|2 |&

engineering work on the Sl gl & “3‘ o
. («}) —

project/program. s||w||S||@ <

J. Stein,” Systems, Systems Engineering, and INCOSE: A Five Minute
50,000 Foot Overview”, INCOSE IW, Torrance, CA
January 24-25,2015

Achieving Dbalance beiween inherent
conflicts in the Why, What, How, Which,
When, Who and Where

o @13



II\TCOSE YS ellls
Internatiortal Council on Systems Engincering

Seeing the world In a
particular way, because
how you see things
affects the way you
approach situations or
undertake specific tasks.

®14



MGRATIVE SYSTEMS SCIENCE

| Identifying, exploring, and understanding patterns of complexily through contributions from

Foundations Theories Representations
Meata-theones of Methodology, General Systerms Theory, Systams  Modals, Dynamics, Networks,
. Ontdogy, Epistemology, Axiolegy,  Pathology, Complexity, Anticipatory  Calar Automata, Life Cycles,
: PraadolocT;y (theary of effective Systerms, Cybemelics, Autopoiesis, Queuss, Graphs, Rich Pictures,
/ acticn), Teleology, Semioctics and  Living Systerrs, Scence of Generc  Narratives. Games and Dramas,

Semicsis, Categories, etc. Design, Organization Theory elc.  Apant-bassd Simudasions, efc.

SYSTEMS THINKING

Appreciative and reflective practice using
‘systems-paradigm' concepls, principles, pattems,
etc.

SYSTEMS APPROACHES TO PRACTICE
Addressing complex problems/opportunities using methods, tools, frameworks, practice patterns, elc.

Pragmatic, Pluralist, or Critical multi-methodology uses hauristics, prototyping, medsl unfolding,
boundary cribgues, slc., 1o understand assumplions, contexds, and constraints, including complaxty from
stakahoider values and valuabions: chocess approprate mix of ‘hard, ‘solt, and custom meatheds; sess
systams as networks, socisties of agents, arganisms, ecosystems, rhizomes, discoursss, machines, sic.

‘Hard' methods are suted 1o solving welldetined  "Soft' methods are suted 1 shructuring problems
prablems with rdiable data, clear opimizabion goals, invalving incarmplste data, unclear geals. parspective
and al mesl cbhpcive complemty; use maching  and role complexty. &l use leaming systam
metaphor and realislfunctionalist foundations. rmetaphor and construcivistinterprativigt foundations.

Creatve Commans Atirbufion 3.0 Licanse
© 2012 International Federation for Systams Research

ARG N



The practice of Systems

INCOSE L
Engineering is.....

.....a balance between Systemic and Systematic
aspects:

Systemic - thinking about the whole system, its
context and stakeholders

Systematic - following a structured approach to
the realization of the system

( INCOSE UK website )

®16



refers to the holistic appreciation
of the problem/system of interest,
considering its context,
stakeholders, and the
interrelationships and

PROBLEM
/NEED

O interconnections
O ( SYSTEMS THINKING
® - —___
SOFT M- syser
(system of

interest )

refers to taking a structured, orderly
approach to solve the problem and to
implement the system

Systematic Asp

System Life Cycle

Product/

Service
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Internatiortal Council on Systems Engincering

Systemic - thinking about the whole system, its
context and stakeholders

( SYSTEMS THINKING VIDEO )

o ®18



Origins of SE

Contents
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& Origins of Systems Engineering

Internatioral Council on Systems Engine

1937

1939-45

1951-80

1956

1960-70

1962

1989

1990

1990-2000

1994

2002

2008

2009-2012

2019

2023

British multidisciplinary team to analize the air defence system

Bell Labs supports NIKE development ( 1st US operational anti-aircraft missile system )
and Intercontinental Ballistic Missiles (ICBM) Program.

SAGE ( Semi-automatic Ground Enviroment ) Air Defense System defined and
managed by MIT/Jay Forrester

Invention of systems analysis by RAND corp.

Apollo Program
First SE standards ( e.g. MIL-STD 499, NASA procedures )

Publication of Arthur D. Hall - A Methodology for Systems Engineering
EIA recognizes SE as important part of system development

NCOSE is founded

Release of SE standards IEEE 1220, EIA 632

NCOSE renamed to INCOSE

Release of ISO/IEC 15288

App. 6500 INCOSE members worldwide

Systems Engineering Body of Knowledge (SEBoK)

17000+ INCOSE members worldwide (70+ Chapters 35+ Countries )

INCOSE Systems Engineering Handbook version 5



= [CBM, NIKE and SAGE the largest
=~ single programs ever undertaken

Adapted from MITRE Corporation.

At the time Systems Engineering was born

o 0]



=, Space Programs : Why Systems

Z
INCOSE . :
Engineering
Two days in July 1969
The Secret of Apollo 34 July : Europa | F-9 Launcher — 39 Stage Failure

Systems Management in American and
European Space Programs

20™ July : Apollo 11, Humankind on moon

EUROPE'S 1971

PRDGR%\‘E}\%E 5t Nov - Europa 2 F-11 Launcher - Exploded at 150 secs

Brian Harvey October 1973

Europa 2 F-12 Launcher CANCELED

What could be the difference ?

Stephen B. Johnson ( The Secret of Apollo )
° Brian Harvey (Europe's Space Programme: To Ariane and Beyond ) 29



Space Programs : Why Systems
o Eng ineering

Difference

SYSTEMS
ENGINEERING




=  Apollo Program : Reasons for
INCOSE

Systems Engineering

THUNDER Unprecedented Challenges
Q\/ Sl
u< ZGil

. -K- S
g m ﬂx&@,h Sk,

Short time scale due to Cold
War technological race

° ®24



=  Apollo Program : Reasons for
Systems Engineering

= Multiple novel technologies
HANDBOOK OF
SPACE TECHNOLOGY | Technology enables new
4 capabilities -> competitiveness

and prestige
Threat

Immature technologies carry risk
(cost, schedule, quality)

o e 25



@, Apollo Program : Reasons for
Systems Engineering

I -8 ThIihBlLt
Threats

Launch Phase : Vibration, shock, acceleration,

“
L 4 _
B b p a P p depressurization, contamination, impacts
JU

Space : lonising radiation, UV damage, hot/cold
environment, charging, micro-vibrations, vacuum,
micro-meteorites and space debris

Environment

Implications for opacecraft Design

Moon Landing : pressure, temperature, landing
hazards

PEVISED RO ERPORDED ERITIND

o @26



Apollo Program : Reasons for
Systems Engineering

Peter J. Glismann (S

. e s
SYSTEMS Multiple technologies adverse

ENGINEERING iInteractions
and SAEETY

Threat

Safety -> Failure rate

’ e 27



=  Apollo Program : Reasons for
INCOSE . .
Systems Engineering

it At its  peak, Apollo
program employed
400,000 Americans and
required the support of
over 20,000 industrial firms
and many universifies.

Diverse Worlds

o ®28



Engineering

& A\ \

Y 1{

Wz

Today Systems

— ™ Engineering is an

* accepted practice

— In the ASD sector

= M=~ industry and
8 (% government )

Defense
Systems.

Engineering |, 7 5

o e 29
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« SE Capability in Organizations
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enterprise

PerimEter Of SE mqnqgemenf

cost schedule
projec
manageme AN /
systems
engineering domaij
S ms

engineering

domain
engineering

science

domain areas s
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COSE SE Capability vs Competence

Common Technical Processes Cq.p.qblllty deSCrl b.es the
» System Design, Product Realization, and Technical Management CI blllty Of d n . OI'gCI nIZCﬂ'IOI‘l
1 or organizational unit.

f Tools and Methods

- *Advanced Tools and Methods
*NASA SE Handbook and Guides
*Technical Measures and

s Assessments

Workforce
+Skills, Competencies, Teamwork,

*Ethics, Training, Experience
\ Competence describes the

ability of an individual to

NASA (2007) do something.

Holt and Perry ( 2011)

® 32



INCOSE SE Capability

(SE COMMON
PROCESSES

——————————————————

CAPABILITY !

----------------

5 SE METHODS
. i &
SE PERSONAL TOOLS
COMPETENCIES &

TEAM-WORK
NASA (2007)

®33



SE Common Processes

ISO 15288
Agreement Organizational _ Technical
P Project-Enabling Management
Processes Processes
SIS Life Cycle Model i
Acquisition Process ManaEennt Br Project Planning Process
Subply P Infrastructure Process Assessment and
BPPY 2 200 Management Process Control Process
Portfolio Management Decision Management
Process Process
Human resource <k M P
Management Process L joen
Quality Management Configuration
Process Management Process
Knowledge Management  Information Management
Process Process
Measurement Process
Quality Assurance
Processy

®34
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INCOSE SE Methods & Tools

SR
S

IBM Engineering
Workflow Management
(EWM)

' ‘ « Quality
Management

SYSTENS ENGINEERIE A

HANDBOOK T Managem.
@m Management IBM Engineering Systems
o T N } M) , Design Rhapsody —
' Bllaboration Model Manager (RMM)
lanning « Architecture
hange Management - Design
ource Control
uild Management R

EUROPEAN COOPERATION

E-10
System Engineering Standards
Hans Peter de Koning - ESA, TEC-SYE

ESTEC, 14 March 2017
(with major inputs from Andrea Santovincenzo - ESA, SRE-FMA)

ESA UNCLASSIFIED - Releasable to the Putlic ©2017 by European Space Agency

3DEXPERIENCE

Product Lifecycle

Management
3D 3D DMU

Digital Mock-up

® V3 V4 V5 V6 °® 3 5



&
Internatiortal Council on Systems Engincering

Systematic - following a structured approach to
the realization of the system

( SE TOOLS VIDEO )

o ® 36



f;
Internatiortal Council on Systems Engincering

Mission Critical Soft Skills
for Scientists, Engineers, and Project Teams

CHARLES J. PELLERIN

Team Work

A good SE team will include many
individual specialists who have
learned how to work their areas
intfo sensible interfaces with the
conftributions of the other
specialists.

It is the tfeam that must include
the total intelligence, background,
experience, wisdom, and creative
ability fo cover all aspects of the
problem of applying science and
fechnology, and parficularly, who
must  infegrate  the overall
intelligence

Simon Ramo
037



PM and SE
Complementary but Different

Life Cycle

Eric Rebentisch, Editor-in-Chief

Operation, Support,

Concept Design and Delivery and Disposal Integrating Program
Management

and Systems

Project Manag y Engil ing Project Manag i i Project Manag y Engi ing \ E n i nee ri n
B Business caseand KPls W Problem analysis and Risk Q figurati B Asset management B Through life capability N ) g g
B Project plan issi P Make / buy / design management B Handover management 4 .
B Work, cost, and B Requirements definition decisions Architecture, KPis and BT ition to operati B Hand )’ /
ganisati " M of Detailed project design dedisions W Lessons leamt W Transition to operations
structures performance schedule Impact analysis B Programmeintegration M Lessons leamt Methods, Tools,
B Staff and team W Solution options / trade Change, cost, and Integration, verification, W Benefi lisati | Mai and Organizational Systems
selection, RASC| studies quality 9 lidation and B Disposal ;\ for Improving Performance
Competencies W Solution architecture Subcontract acceptance W Achievementof quality b
B Time/ quality / cost B System Engineering management Acquisition framework targets <
trade-offs and targets management plan Resource management W Service delivery g N \
B Team building B Product breakdown Gate reviews A N
B PM framework / structure N \
approach selectionand M Lifecycle selection and \ i_,'l‘\' N \ N
tailoring tailoring =

B_’,,_! '@' WILEY

Z11 - Project Management and Systems Engineering — INCOSE UK
Issue 1.1 Jan 2018

® ® 38



SE Roles onto the Vee

A role is the part that is played within a specific work process and within the company. Systems
engineers will typically hold many positions, each with a different combination of roles.

Concept
Creator ~

In-Service
Support Engineer

Requirements
Owner
V&YV Engineer

System
Architect

Systems Integrator

Detailed
Designer

° ® 39



=  Mismatch Personal Competencies

uncil on Systems Engincering

vs Role Competencies

Internatiol

[ participants, shareholders, customers, society ]

/' includes

for, as percerved by
/D
. . 1f)
Walue added creates Business or Enterpnse —
F -+

has S

{

includes

influenices J/

Team
dynamics
;
/

/
K influenices

influenices
have

Teams

Team
petformance
;
;
.

i achieve Eole . o reduite
competencies
. J
_______________ 0888 e Werkforce
development
have

Personal

competencies

[ Individuals

SEBoK Version 1.9.1 Copyright © 2018 by BKCASE. All rights reserved. ® 40



. Competency Models/Frameworks
are 1se d

* Recruiting
« Assessing Candidates
* Improving Education and Training Programs

« |denfifying Resources for  Professional
Development

« Aligning Curriculum
 Developing Career Paths
« Others

o 4]



INCOSE Competency Framewor
(ISECF)

Competence Groups Descriptions

Core Systems Engineering Principles vcvgﬁe;: :;:eglsnn:l:l;;;wmm:h underpin engineering as
Covers behavioral competencies which are all well-
established within the Human Resources (HR) domain.
Definitions of these comp ies were taken from well-
established. internationally-recognized sources to
facilitate alignment with wider HR frameworks used in
larger organizations.
Covers the competencies needed to perform a series of
Technical tasks associated with the Technical Processes identified
in the INCOSE SE Handbook 4th Edition.

Covers the competencies needed to perform tasks W otk ezt MITRE

Professional

Systems Engineering
Competency Framework

This INCOSE

Systems Engineering Management associated with controlling and managing systems

engineering work.
Covers the sy gineering comp ies ired to "D'k @

Integrating understand and integrate the viewpoints and perspectives
of others into the overall picture. NCOSE Techmial Procuct Alecsnce: NOOSE-TP.2018.00201.0

Communications

.
+  Systems Thinking +  Ethics and Professionalism
+  Lifecycles +  Technical Leadership
«  Capability Engineering .
+  General Engineering +  Team Dynamics
«  Critical Thinking «  Facilitation
. .
.

hitps://www.incose.org/products-and-publications/competency-framework
° ®42



https://www.incose.org/products-and-publications/competency-framework
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https://www.incose.org/products-and-publications/competency-framework
https://www.incose.org/products-and-publications/competency-framework

&\

Personal Characteristics of a
Good Systems Engineer

intellectual curiosity—
ability and desire to
learn new things

ability to see the big ability to make

picture-yet get into system-wide
the details connections
eomiorabla comfortable with
Stheh uncertainty and
i S unknowns
behavioral
characteristics
diverse technical skills— of a good systems proper paranoia—
ability to apply sound engineer expect the best, but
technical judgment plan for the worst
exceptional strong team
two-way member and
communicator leader
appreciation for self confidence and
process-rigor and decisiveness-short of
knowing when to stop arrogance

° ®43



@, How to develop your Systems
TS En gineerin g Competencies

« Experiences ( most critical factor ) : position, chronological fime,
number of organizations, roles, lifecycle phases, and systems
( domain, type and level )

* Mentoring arrangements
- Atftending conferences

* Individual reading ; ; ;
. Cerfification Systems engineering is not

« Online courses learned enﬁrely in the

» Education & Training classroom, it is also learned
with hands-on experience
working on real systems

® ® 44



INCOSE Contents

« INCOSE Global
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3 I : S E
Internatiortal Council on Systems Engincering N O

The International Council on Systems Engineering (INCOSE)
is a not-for-profit membership organization founded to
develop and disseminate the interdisciplinary principles
and practices that enable the realization of successful
systems.

INCOSE is designed to connect SE professionals with
educational, networking, and career-advancement
opportunities in the interest of developing the global
community of systems engineers and systems approaches
to problems. We are also focused on producing state-of-
the-art work products that support and enhance this
discipline’s visibility in the world.



INCOSE INCOSE vision & mission

Vision

A better world through a systems approach.

Mission

To address complex societal and technical
challenges by enabling, promoting, and
advancing systems engineering and systems
approaches.



p
INCOSE INCOSE Goals

« To provide a focal point for dissemination of systems
engineering knowledge.

- To promote international collaboration in systems engineering
practice, education, and research.

« To assure the establishment of competitive, scale-able
professional standards in the practice of systems engineering.

« To improve the professional status of all persons engaged in the
practice of systems engineering.

- To encourage governmental and industrial support for research
and educational programs that will improve the systems
engineering process and its practice.



About INCOSE- Impact

€2 17000+ Q70+ Q 35+ 100+

— CHAPTERS — COUNTRIES CORPORATE ADVISORY
BOARD MEMBERS

49



About INCOSE- Impact
INCOSE Membership Evolution since 1991

20,000
16,000
15,000

10,000

5,000 -

1551 1954 1557 2000 2003 2006 2009 2012 2015 2018

° ® 50



™ SEP ( Systems Engineering

o Professional ) Certification
INCOSE @
Multi-Level Base Credentials Neos

A GUIDE IFE CYCLE

The base ASEP, CSEP, and ESEP
credentials cover the breadth of
systems engineering at increasing

levels of leadership,
accomplishments, and
experience.

Copyright by INCOSE. All rights reserved.
[ e5]



= Why is Certification
INCOSE
Important?

For organizations...

« Formally recognizes the
Systems Engineering
capabilities of your
professional staff

« Can provide a discriminator
for your proposals

« Can be used as part of the
hiring and promaotion
process

* Provides an independent
external assessment

« Encourages employee
participation in confinuing
education

INCOSE SEP sets your organization apart!

L . . ®52
Copyright by INCOSE. All rights reserved.



(oS Why is Certification

@
Intern on Syste gineering
4
/

Important?

For individuals..

 Formally recogmzes your
Systems Engineering
capabilities

 Provides a discriminator for
job applicants

- Provides a competitive
advantage in your career

« Provides a portable Systems
Engineering designation
that is recognized across
industry domains

« Participation in continuing
education indicates your
commitment to personal
development

INCOSE SEP sets you apart!

e . . 53
Copyright by INCOSE. All rights reserved.




PN Why is Certification
Important?

For your feams...

« Allows the team to level-set
on Systems Engineering
concepts and activities

« Helps establish a common
Systems Engineering
language for your team

« Helps break down...
o geographic boundaries
o organizational boundaries
o cultural boundaries

INCOSE SEP is particularly useful for multi-organization,

geographically distributed teams.

Copyright by INCOSE. All rights reserved.
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ff""“ﬂS The SEP Aligns with the Typical Levels of /=
e a Systems Engineering Career

CSEP focused on:

- SE EXPERIENCE INGION OGN =
- APPLIED SE KNOWLEDGE

ASEP f d on:
TSl |NC OSE ASEP

SEP Candidates

You can enter at whatever SEP level is appropriate and

can seamlessly fransition between levels when ready.

o Copyright by INCOSE. All rights reserved. @55
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Ncose  About INCOSE - Certification

INCOSE Systems Engineering Professionals

4000

3750

500 As of 31 July 2019:
j':: 3589 Total SEPs
2500 1132 ASEPs

1250 2141 CSEPs

2000 316 ESEPs

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

W Active ASEPs W Active CSEPs Active ESEPs

o ® 54
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# of SE

INCOSE Certifications by Sector

| As of 31 July 2019 |

‘| Asia-Oceana

Sector e =

11%

Europe-Africa-
Middle East
Sector
27%

Total INCOSE Certifications by Sector

2500 |

2000

1500 +——

1000 —

500

: Europe-Africa- X

Americas Middle East Asia-Oceana
Sector Sector

| Sector

W ESEP 270 31 6

' m CSEP 606 305 109

| MASEP| 1170 405 136

36%
28%
22%
17%
Pl . I ] T

% Members Certified by Sector

Americas Europe-Africa- Asia-Oceana Total
Sector Middle East Sector
Sector

®57
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13 June 2012

hitp://www.eoi.es/es/eventos/12360/constitucion-de-international-council-systems-engineering-incose-en-espana
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INGOSE Creation of “Asociacion Espanola de
Ingenieria de Sistemas ( AEIS )”

AEIS (professional non profit organization ) is a national legal entity
hosted by Spanish Royal Academy of Engineering established in
accordance with the law 30/1992 having the official representative role
of INCOSE in Spain. In addition, within the international structure of

INCOSE since December 2014, formally recognized as Spanish Chapter
of INCOSE.

INCOSE CHAPTER ESPANA

http://www.deis-incose.orqg
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Figures in Spain

Active Not Active Total
Members

29/5/2019 85 106 191

Total SEP members 68 o l ‘
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INCOSE Unstoppable Growth

lNpoekT INCOSE: nepesoa
PykoBoacTBa no HanucaHuio
Tpe6oBaHMK

lNMpumure yyactne

SYSTEMS

ENGINEERING Dias 30 e 31 de Agosto
SYMPOSIUM Inscrigoes até 24 de agosto
INCOSE BRASIL = [Eermrreeprespemmeeeeme
A Engenharia de Sistema
nas diversas industrias
Systems Engineering across

Industries
— S

Systems Engineering podem ser
ibuindo para o desenvolvimento de

130 - 13:16 ~ Boas vindas ¥
13115 = 4480 - Sywiems Thinking - Ricardo Moraes (Embraer)

1400 — 14.:45 - MUSE aen sistemas complexos — Danlsl » Leanardo (Cuca)

1500 ~ 1545 - SE & Project Manageman - Antorso Pedro (Ezute)

15:45 = 16:30 i (Emitensr| A
46:20 u 0 o ca (MITRE

21 du agosto
3300 ~ 1316 « Boss vindas
SE na instrumentacho de leketopios gigantes - Danial Mosar (GMT)
T o Smart Cities ~ Rafaela Mancitha (Logicalls)
Pertt do Systems Enpineer - Marcos Yiana (Embraer)
$6:80 - 17-90 - Evolving MOSE to Enatie the Oigital Futurs - Darvid Long (CEO Vites
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INCOSE Conclusions

* ASD complex products and complex management
structures. Systems Engineering is a key factor in
making this complexity manageable.

« Systems Engineers practically apply systems thinking
to understand Why, What, How, Which, When, Who
and Where

- Systems Engineers provide the technical leadership
necessary to mature the products and/or services
and they will confinue to do so.

« Put INTA in the picture building up careers in Systems
Engineering, INTA will be a major player in ASD
sector.
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