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Abstract

The SE Vision 2035 states "the future of systems engineering is model-based, enabled by
enterprise digital transformation”. As organizations move towards a holistic, integrated digital
engineering approach to systems development, there is a growing need in standardization to
enable industries to share, cross-reference, integrate, reuse and extend models of various
kinds. The Digital Engineering Information Exchange Working Group (DEIX WG) conducted
an analysis of current Digital Engineering standardization activities and is currently working
with ISO/IEC and IEEE in new standards to address the challenges of using digital
engineering in systems engineering lifecycle activities. The presentation will provide an
overview of current standard activities and roadmap to mature standards to enable SE

Vision-2035.
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Bottom Line Up Front

Digital Engineering Working Group — Standards Framework is actively engaged in developing a range of
roducts aimed at realizing the INCOSE Vision 2035

In this presentation we address the goals and hurdles of Vision 2035 in the context of these products
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What is DEIXWG?

Collaboration between the International
Council of Systems Engineers (INCOSE),
National Defense Industrial Association
(NDIA), and the Office of the Under Secretary
of Defense for Research and Engineering
(DoD OUSD(R&E))

The DEIXWG supports the strategic objective
of accelerating digital engineering
transformation-by characterizing the content
and-relationships.invelved in the exchange of
digital artifacts between. stakeholders of
various disciplines throughout the engineering
lifecycle

DIGITAL

ENGINEERING
STRATEGY

Use the authoritative source of truth
to produce digital artifacts, support
reviews, and inform decisions

As the technical baseline matures,
preserving the knowledge across
programs and lifecycle phases is essential.
Technical reviews can be conducted

from the authoritative source of truth

on a continuous basis. Stakeholders will
generate digital artifacts, representing
multiple views and various perspectives
from the authoritative source of truth.
Digital artifacts provide visibility of
appropriate information across functional
domains, disciplines, and organizations.

--- DoD Digital Engineering Strategy,
2018




Joint ISO- INCOSE Investigation

Ad hoc Group for Digital Engineering (AHG 6)

2568 | Further to the Chair presentation (SC7N8622) done at its 2021 Virtual Plenary meeting,
JTC1/SC7 instructs its Secretariat to create an Ad Hoc Group for the investigation of
Standards on Digital Engineering and to explore the possibility of additional standards
or guidance in the area of software and systems engineering within SC7.

Re S O I u t i O n The terms of reference of this Ad Hoc Group (AHG) are to:

e Provide an analysis of the requirements of the market and a status of current

"
I n S ‘ 7 standardization activities, if any are available.

« [f pertinent, make recommendations for the creation of new standards or TR or initiate

J u n e 2 O 2 1 :::::nal guidance for the Ad Hoc Group (AHG):
Plenary

*The AHG is free to invite external parties to contribute to its work.

Schedule:

*The Ad Hoc membership should be complete by July 31, 2021.

«The first virtual meeting to be held in August 2021 to kick off the Ad Hoc, followed, as
required, by other ones

*Report to be made available 60 days prior to the start of the June 2022 SC7 Plenary
meeting.

The Ad Hoc Group will be chaired by Dr. Sundeep Oberoi (SC7 Chair).

INCOSE DE Working Group Standards invited to lead the investigation via ISO-INCOSE liaison agreements




SE Vision 2035 - Future State of SE

——— q

| /
,7 4 s
-
Future of SE is model- Al will drive major Data Science will be part Human-System
based, enabled by changes in SE methods of an integrated analytic Integration will become
enterprise digital and tools framework for SE essential to design smart
transformation systems

DEIX WG Standards concentrates on four of the six SE Future State

areas outlined in SE Vision 2035

Ref 1
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Impacts of Digital Transformation

From:
Advancing digital
technologies and
standards
development are
enabling model-
based systems
engineering
(MBSE) practices,
but modeling-
ecosystems are
often rudimentary
and incomplete

IMMERSIVE VISUALIZATION

HUMAN-MACHINE COLLABORATION

Human-Machine teams will become
increasingly common as the pace of
discovery, simulation, observation,
and evaluation, allowing the team
to make better, faster, and more
informed decisions

PRIVATE AND PUBLIC SHARED
MODEL REPOSITORIES

Systems engineering
tools will link natively

with discipline and <> <

domain specific

as g
e

engineering tools (such
as CAD/CAE/Software

Design/BIM) through a 4% <
shared data ecosystem

Systems engineering tools will be augmented
with Al shifting the burden of routine tasks
from the engineer to the computer, allowing
the systems engineer to spend more time on
creative tasks

...........................

EXPERIMENTAL

DATA

I
—— @ SPECIFICATION/
¥&, ReQUIREMENT TooLs

MODELING/ DESIGN
TOOLS

SIMULATION/

...............

..............

ANALYSIS TOOLS ——

/ "h~4'
— & ANALYTIC FRAMEWORK
|

DISCIPLINE AND DOMAIN
SPECIFIC TOOLS

MACHINE LEARNING RESOURCES
Low cost and ubiquitous
computational resources will allow
systems engineers to evaluate an
incredibly wide and diverse set

of alternatives and scenarios for
increasingly complex systems.

SCALABLE CLOUD-BASED
COMPUTE ENVIRONMENT

HPC RESOURCES

......

OBSERVED DATA

Simulated, observed, and
experimental data will be
captured, indexed, and
integrated with design
models to increase
understanding of
complex systems

www.incose.org/symp2023 #INCOSEIS

To:

Systems
engineering
environments fully
leverage advances
in digital
technologies and
modeling standards
to enable rapid
exploration of
designs
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Current SE Challenges

3D GEOMETRY ALM
MANUFACTURING SPREADSHEEY.
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Tools and Data Software Complexity, Impact of Al
Integration Agility and Scale  Systems engineering tools and
fragmentation across system development complex systems that continue
specialized tools, proprietary to learn and modify themselves
data formats, and limited during operation

standardization

DEIX WG Standards addresses three SE Challenges from SE Vision 2035
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SE Vision 2035 Recommendations

Solving Societal Challenges Value of Systems Engineering Addressing Dynamic Change and Digital Transformation
« Digital engineering methods and tools « Digital Engineering transformation inte- Uncerta'nty » Use and management of models,
enable integrated analysis of both grates systems engineering practices and « Data standards are developed and architecture, and digital thread mature,
technical and non-technical elements systems thinking across all disciplines adopted enabling effective data including digital twins with trusted
interconnection and exchange environments

3D GEOMETRY
MANUFACTURING

Atm SPREADSHEEY

G

g% )

est chses " . Ii.” I.

P -s. e (B s
AnalytiesFramework SE Tools for Digital Environment Foundation and Research
*Standards and regulations are integrated « Artifacts for communication are » New principles, phenomena, concepts,
in the'framework. established, facilitated by modeling heuristics, and technologies are
language and data interchange standards integrated with existing knowledge

SE 2035 Vision Recommendations addressed by DEIX activities

Ref 1
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The DEIX SF’s Role in SE Vision 2035

ldentify Standard Gaps:
y Survey and assess the current standards landscape for digital engineering standard gaps.

Explosion of Standards:

e~ Many industries, bodies of knowledge, and standard communities are rapidly developing
&= standards to address the growing field of digital transformation and industry challenges.

=0

Address Complexity:

4 Difficulty in achieving dominant standards naturally with the degree of diversity among model
5 Information, stakeholders, and interrelationships
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Related ISO/IEC Standard WGs Liaison

O/IEC JTC1
SC27

Information

Security

J(EC
>C38 Clou
a
N
tfor
™~ N
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IEC Digital Twin Conceptual Standard Needs

Concept Architecture
Standard Standard

Application System/
Need/ Use Ecosystem

Case Standard

Process Interoperability
Standard Standard

| Framework to Analyze Standard Categories and its Relationships

_ Ref 8
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IEC Digital Twin Conceptual Standard Needs

Concept Architecture
Standard Standard

Application System/
Need/ Use Ecosystem
Case Inform Standard

o Process Interoperability
. Standard Standard

FE

ISO/IEC TR 30172 ED1 Digital Twin — Use case
Are DE use cases different?

Ref 8
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IEC Digital Twin Conceptual Standard Needs

Concept =]SlieJ Architecture
Standard

Standard

System/
Ecosystem
Standard

ISO/IEC 30173 ED1 Digital Twin —
Concepts and Terminology
DE Terms, principles, ontologies?

A Process Interoprability

ISO/IEC/IEEE 15288 System Lifecycle Process
Specific DE Process? .

www.incose.org/symp2023 #INCOSEIS 15




IEC Digital Twin Conceptual Standard Needs

ISO/IEC/IEEE 42010 Arch Description _
ISO 30141 ED 2 IoT Ref Arch PAQIIETIES Support Integration
ISO/IEC 30188 Digital Twin Ref Arch Standard
ISO 23247-2 Digital Twin Framework for
Manufacturing Ref Arch
ISO/IEC DIS 5392 Al — Ref Arch of
Knowledge Engineering

Gas’?’?

System/

Ecosystem
Staard

1ISO 10303 STEP ‘ Interoperability
1ISO 21823 10T Interoperability Standard
1ISO 30149 Trustworthiness Principles
PWI Cybersecurity Assurance of SoS
PWI Policy and behavioral Interoperability Ref 8
Gaps?? 16




IEC Digital Twin Conceptual Standard Needs

oh)le=eie Build  PATSEW=N Support Integration
Standard Standard

Application System/
Need/ Use Ecosystem
Case Inform Standard

Process Interoperability
Standard Standard P”

\ PWI IoT and digital twin use case guidance
Specification and Evaluation??

Www.incose.org/SympZOZB #INCOSEIS 17



Scenario: Taking Temperature

How to design and integrate a Wisdom

"smart" temperature sensor? (Joe need
medical

attention)

Knowledge
(Joe have a fever)

Information

(Joe’s temp = 101F)

Data
(Temperature = 101F)

DIKW Pyramid

www.incose.org/symp2023 #INCOSEIS Ref 5
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Interoperability Challenges and Role of Standards

Organizational _
Interoperability Wisdom

Organizational Process (ex: 1ISO 15288)
Agreement

Knowledge

Information
Interoperabllity
(ex: OntoSTEP) Information

Semantic Data Exchange

Technical Data

Exchange Technical
Interoperability Data
=

Interoperability level DIKW Pyramid

Ref 6, 7 Ref 5
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Interop Challenges and System Pattern

Organizational Process
Agreement

System of Innovation (Sys 3)

Align Org Practice

Semantic Data Exchange Target System Life Cycle Domain

System (Sys 2)

Exchange Data with

Meanin
Technical Data I — Target System (Sys 1)

Exchange Exchange Models/Data

Interoperability level Agile SE Life Cycle Model (ASELCM)

Ref 6, 7 Ref 3
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Standard Landscape

Interoperability Current State Example Standard
Level®

Organization Align business Document-centric contracts ISO/IEC 15288 (SE
processes, and acquisition process, lifecycle process)
responsibilities and iIncluding SE processes ISO/IEC 12207 (SW
expectations to achieve lifecycle process)

commonly agreed goals’

Semantic Exchange data with Typically developed in- ISO 19650 (BIM)
unambiguous, shared house, satisfy enterprise
meaning? functional requirements but

no more interoperable than
traditional data models?

Technical Applications and Many standard activities, ISO 10303 (STEP)
Infrastructures linking slow standard cycle time ISO/IEC 19514
systems and services’ and legacy system present  (SysML)

obstacles’
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SE Vision Enablers & DE Standard Activities

Application

» Systems engineering demonstrates value for projects

Application/ Use Case/ i

and enterprises of all scales, and applies across an System Standard :
Al

Increasing number of domains.

Process/ Practices 04
* Model-based systems engineering, integrated with Process Standard DE Guide

simulation, multi-disciplinary analysis, and immersive
visualization environments is standard practice.

Interoperability Standard

SETDB

SYSTEMS ENGINEERING TOOLS DATABASE

TIMLM WG

Tools and Environment

» Systems engineering tools and environments enable
seamless, trusted collaboration and interactions as part
of the digital ecosystem.

01 05

Taxonomy + DE Intro

Concept Standards = i )

Research

» Systems engineering practices are based on accepted
theoretical foundations




2025

Taxonomy,
Concepts, Process
and Metrics

2030

Reference Arch
Standard
Harmonization

2035

Majority
Adoption
AcCross
Domains

Realize
2035 SE
Vision

www.incose.org/symp2023 #INCOSEIS 23



Takeaway: Journey to Digital Transformation

Digitization Digitalization Digital Transformation

Transform
Practice

Optimize - Radical
Process innovation to
transform
Automate * Perform process business
o : Process |m_pr0\(/jerpent objectives, value
rganize using data roposition, and
Vodels W Ammespiees e s
business insights i
Modeél - across ecosystems and data 0 execution.
* Organization for accountability, governance
Based structure with quality and scale. '
Document < metadata to
* Transition mapage model
Based artifacts and development
deliverables to Tsioningraad
* Unconnected model-based OUSE. g
data systems, format for digital
artifacts, and traceability,
processes. archiving and

retrieval. Ref 4
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KEY QUESTIONS

What is digital engineering?

Why should we apply digital engineering?

- May vary between industry and organization, deed to define goals and objectives
How do we do it effectively and efficiently?

- What are the common reasons for implementation failure?

= People don’t understand what it is
= Unrealistic expectation on time and effort to implement
= People does not understand the “why” or intended benefits — implementing a solution to a ill-defined problem

How do we implement in our industry?

A

DASSAULT
SUSTEMES
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NEAR TERM AND LONG TERM RECOMMENDATION
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IMPLEMENTATION

* People

- Who is it apply to
* Process
* Tools

Organization

warks for

=] describes ability of

is made up of

V

Organizational Unit

Capability

=] realizes

==] describes ability of

Person

=] describes ability of

holds role of
v

Stakeholder

Competence

Process

drives

v

Toaol

SUSTEMES

D?S DASSAULT
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