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NAE ENGINEERING GRAND CHALLENGES

Societal Needs Drive Future Systems
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Technology Trends Drive Future Systems

COMPUTATIONAL POWER

. .. continues to Increase while comput-
&rs are getting smaller and mom eMdent.
Extansive reasoring and daka maragamant
capabilties am now embadded In averyday
systoms, dovices and spplances, yet data
contors oxtibit vary high powsr denstios
RGUIING MOMR SZStENaDe Powar and thar-
mal maregement systoms.

COMMUNIMCATION TECHNOLOCIES

... bring our wodd doser together and
enabilo systomes that Jre awam of and o re-
spond to much greator eevironmental stemeil
and formation neods,
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HINIATURIZATION

... OF Sysipm components provides IncRased
capabiities In smaler snd mone efcent
packages but can contributs o hiddon

ewuis, Of systom comipladty.

HUMAN-COMPUTER INTERACTION

.. .bachnok gies enabis the sxploration of
wirtual apvronmants sllowing anginears bo
intaract mom deaply and comproha iy
with systams bator they am bult Thay
absn advance human control by intagrating
muRipie: Informabion streeme into mereoe.

abilg pleces.
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BIO-TECHNOLOCY
.. .Contrbutes 1o hadlth and human

weifare. but can have unintanded conse-

QUaNCes.

MATERIAL SCIENCE

... Now Cpabiitios Bad to systoms with

Improved propartias, such 2 waight and
volume, electrical conductance, strang,
sustairatiity or erweonments compatibiity.

SENSOR TECHNOLOCIES

-« . provicda Irkermartion b2 & mutttuda of
gystems about locston, Fuman Inputs, era-
ron e il comisect ared miom. For scampla,
GFS now provide compleba and 3 oourab

Infiormation sbout 2 systam's geographic
position - iInformation that was previoussy

unchisirabia Advances Inmedical sysems,

Gaographic Informabon Syshame and many
indhstrial sysioms s based upon svar Datbar

and moin sificiant sraor echnoiogies

SOFTWARE SYSTEMS
...@mbody algodthms that Manage system
staba but abo reason sbout the Tystams
axiemal smmirnmant and accomplshmant
of objec . As Systoms bocoma mons
“misilgent” and dominata human-saaty
critical spplications, softwars certication
ard pystom mabity and inkagrity bacoma
mons impeortznt and chalianging.
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Changing Focus of Systems Engineering

A fresh look at Systems Engineering — what is it, how should it work

Interdisciplinary

= To engineer
dependable, robust,
pseudo-deterministic,
mainly technological
systems

= Requirements and
operational concepts
that:

* Can be established
early in the lifecycle

* Are not expected to
change (much)
through life

©OCaltech

Transdisciplinary
= To address resilient, adaptive systems and

systems-of-systems that may be in a state of
continual evolution (at least their operational
environment, and probably the system as well)

Systems of interest may be autonomous,
possibly involving Artificial Intelligence,
probably involving environmental aspects, and
certainly involving social aspects as well as
engineering and technology

= To address societal grand challenges related

inter alia to the Sustainable Development Goals
(SDGs)

Such systems will still need dependable robust
technological building blocks (which is why we
say the focus “opens out” rather than “shifts”)
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Resilient Design of Autonomous Systems

* Failure modes
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INCOSE SE Vision 2025 - Imperatives

Embracing and learning from the diversity of systems
engineering APPROACHES

Ermze

"”"‘L.)Z*—-? SOCIAL AND NATURAL SYSTEMS

£ ‘“E—z Applying systems engineering to help shape policy related to

‘“’ Expanding the THEORETICAL foundation for systems engineering

Tg Advancing the TOOLS and METHODS to address complexity

Eh CRGRGEANG WORRFORCE ot et he eteonns demerd
&
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Expanding the APPLICATION of systems engineering
across industry domains
Many traditional companies are adopting SE

" Transportation — public transit, intelligent transportation
systems (ITS), automotive, agriculture, construction,
autonomous vehicles

" Health — healthcare organizations, medical devices, pharma

* Energy & Power — oil & gas, power utilities, generating/
distribution

" Telecomms — critical infrastructure for first responders,
municipalities, and utilities

= \Water — water authorities

Reference: Personal communication with Anne O’Neil
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What is creating the increased demand for SE?

Mission complexity is growing faster than our
ability to manage it. . . increasing mission risk
from inadequate specifications and incom-

plete verification.

Knowledge and investment are lost between
projects ... increasing cost and risk: dampen-
ing the potential for true product lines.

than from architecture ... resulting in systems are poorly coupled . .. hampering effective
that are brittle, difficult to test, and complex project risk-based decision making.
and expensive to operate.

System design emerges from pieces, rather 5 Technical and programmatic sides of projects

Most major disasters such as Challenger and
Columbia have resulted from failure to recognize

Knowledge and investment are lost at project

el huunda!‘ins o irh:rn_asing and deal with risks. The Columbia Accident In-
d::el?pment::t e vestigation Board determined that the preferred
ol design problems approach is an “independent technical authority”.

INCOSE SE Vision 2025
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Embracing and learning from the diversity of systems
engineering APPROACHES

Systems engineering methods used in commercial companies
will differ from traditional defense applications

= Scalable to system and organizational complexity and size
" Tailored to the application domain

= Value driven to optimize project schedule, cost, and technical
risk

= Built-in design drivers like cybersecurity and resilience
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System Resilience

= The ability to provide the required /" Resilience Scenario Components )
capability in the face of adversity System :p’;s,:ﬁifi‘es]
(avoid/withstand/recover) AN e
* Environmental sources T 4 b
* Component failure Adversity [cﬂeq:ilred ]
apabilities
* Opponents, friendlies, neutral parties - > 2/

= Key attributes of a resilient system
* Robustness — ability to withstand a threat in the normal operating state
* Adaptability — ability to restructure itself in the face of a threat

* Tolerance — ability to degrade gracefully following an encounter with
adversity

* |ntegrity — ability to maintain cohesiveness under adversity
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Artificial Intelligence

Predictive Textto Image

/ Analytics Speech / Recognition
Deep Speech '
J Learning to Text s
Machine ;
Learning Speech

 Classification
) Translation
Language “\yData Expert Planning&  Robotics

Processing ~ Extraction Systems Optimization
(NLP)

Trends in SE-12



Agility

Agility is a capability exhibited by systems and processes that enables
them to sustain effective operation under conditions of
unpredictability, uncertainty, and change

Agile systems Agile systems engineering

* Flexible, reconfigurable, * Nimble, dexterous and swift
extensible e Adaptive and response to new,

* Scalable in the sense of capacity sometimes unexpected,

* Flexible in terms of functions information that becomes
and performance levels (such available during product/system
systems can be modified after development
initial deployment by addition of ¢ Opposite the traditional belief in
modules or modification of engineering design that
performance levels) requirements and design

solutions should be frozen as
early as possible
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Erector Set - An Agile Hardware Engineering Example

Resources

& Sadlh !
Integrity ) Q& Q i Jomers Axles

Management Gears/Pulleys  Motors Wheels  Tools Small Parts Structural Material

- Resource mix evolution = Product System Eng.
-~ Resource readiness — Retail Distribution Process -
- Situational awareness Product Manager
- Activity assembly Owner/Builder
- Infrastructure evolution Product Manager
A
Active -
I ""2. e’#
Infrastructure o e
I 2 ¥ 4
Passive Plane Helicopter Mobile Radar
Parts Interconnect Standards
giog%kaelés Construction Stability
=—=— Security Single-Source Trusted Parts
—— Safety Harm-Proofing Standards
——— Service Construction Rules & ConOps
Rules/Standards

“Fundamentals of Agile Systems Engineering — Part 1”, Dove and La Barge
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Applying systems engineering to help shape policy
related to SOCIAL AND NATURAL SYSTEMS
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HEALTH
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ECONOMIC SECURITY
AND EQUITY

SECURITY AND SAFETY
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Rigorous and Pragmatic Methods & Tools
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Advancing the TOOLS and METHODS to address
complexity

Cous-tesoed Advancod seaach
Righ performance query, and ana
computing il mathods
supports high SUPRONt reuoning
Adainty systam about systons
dmdshons

IMMersig

xchnooge:

suppoct cata

vegioaton
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Model-Based Systems Engineering — Maturity

= Rows: Organization modeling capabilities for an
organization (42 capabilities)

= Columns: Increasing stages of capability

Stage 0: No MBSE capability or MBSE applied ad hoc to gain experience

Stage 1: Modeling efforts are used to address specific objectives and
guestions

Stage 2: Modeling standards are applied; ontology, languages, tools,

Stage 3: Program/project wide capabilities; model integrated with other
functional disciplines, digital threads defined and digital twin

Stage 4: Enterprise wide capabilities: contributing to the enterprise,
programs/projects use enterprise defined ontologies libraries, standards

©Caltech Trends in SE-18 https://ctme.caltech.edu



INCOSE Model-Based Capabilities Matrix
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Model-Based Systems Engineering Trends

= MBSE is increasingly integrating technical, programmatic, and
business concerns

" Tool suites, visualization and virtualization capabilities are
maturing

" Model-based approaches will enable understanding of complex
system behavior much earlier in the product life cycle

* Model-based visualization will allow seamless navigation
among related viewpoints such as system, subsystem,
component, as well as production and logistics

" Large scale virtual prototyping and virtual product integration
based on integrated models will lead to significant time-to-
market reductions
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Enhancing EDUCATION and TRAINING to grow a SE
WORKFORCE that meets the increasing demand

The worldwide demand for SE
in all application domains is
increasing the need for high
quality SE education and
training

" Increased use of systems
thinking by non-engineers

" Increased understanding of
systems engineering by all
engineers

" Increased scope of
knowledge, skills, and
competencies by systems
engineers, requiring life-long
learning
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The Global Context for Systems Engineering

INCOSE SE Vision 2025
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