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What are we doing here?

e Systems are becoming increasingly complicated and interconnected

* Includes missions across NASA

* Resources are decreasing
* Funding, schedule, personnel, etc.

* Project complexity is increasing
* Mission, partnership, competition, etc.

e Current practices are not sustainable
* Goddard at increasing risk of falling behind

T‘he W EDWARDS

Deming [ [t 1s not necessary to
Institute i Qe v o e
change. Survival 1s not

mandatory.

W. Edwards Deming

source: quotes.deming.org/10083

From:
Systems built to last Systems built to evolve
Heuristic-based decisions Data-driven decisions
Deeply integrated architectures Layered, modular architectures

Hierarchical development Ecosystems of partners, agile
organizations teams of teams

Satisfying requirements Constant experimentation and
innovation

Automated systems * Learning systems
Static certification * Dynamic, continuous certification

Standalone systems + Composable sets of mission
focused systems

Systems Engineering Needs to Change

Credit: Derived from David Long, Former INCOSE President

DISTRIBUTION STATEMENT A: UNLIMITED DISTRIBUTION.

What is Goddard’s place
in a changing industry?



Digital Engineering Roadmap

* Definition of Digital Engineering (per ETD)
cross-disciplinary field digital tools processes

Align existing enabling capabilities

Stand up institutional ecosystem to enable cross-
towards a common vision

agency/model interconnection of information

Phase 0: Align and Advance Enabling Capabilities Integrated

Prove locally, interconnect globally system-level
analysis and

Phzse 1: Implement Digital Thread )
manufacturing

Foundational data-focused ecosystem linkage of technical information throughout the mission lifecycle S
modernization
Phase 2: Assess Cross-Disciplinary 's -

Science-informed trade study analysis a timization with manufacturing workflow modernization

" Phase 3: Interconnect Programmatics
Connect* cross-center/agency/partner . i : : :
. ) Scalable coupling of technical information with cost, schedule, risk, safety, etc.
organizational solutions to ecosystem

FY23 | FY24 | FY25 | FY26 | FY27 | FY28 | FY29+

Intentional planning and strategic use of pilots will enable the

smoothest transition (technical and cultural) from ‘why’ to ‘how’

*Continuous coordination/piloting through all prior phases expected
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Pyramid of Digital Success

Intentional planning

Consider:
MBSE Strategy

to construct...

Phase 3

Phase 2

Phase O

o ﬂ Strategy

/f'

o NASA GSFCETD:
v Digital Engine
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i =
Digital Engineering Strategy 2.0

Evolving Process by Revolutionizing Collaboration
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VIBSE Roadmap

(‘act [Activity] MBSE Roadmap [ MBSE Roadmap ] J

act [Activity] 1 - Streamline SE Processes| 1 - Streamline SE Processes :J

: Train the Skills

th

: 1 - Streamline SE Processes - Provide "Help Desk* Support o

Utilize Systems Modeling to Improve SE TP

: 2 - Integrate with Digital Infrastructure  Provaic Infrastructure. and

. . . Recommended Practices
Link Technical Information across a federated ecosystem of tools th

o "'It'E'ﬂ rate with Prﬂ'g rammatics : Demonstrate utility on a Flight
= Project to help establish benefits

Explore linkages with cost, schedule, risk, safety and other aspects th

- Suppert Parametric Trades
alytic Analysis of Alternatives using
specific tools

(‘act [Activity] Provide Infrastructure and Recommended Practices [ Provide Infrastructure and Recommended Practices :J

: Establish Template Model to : Establish/Enhance
Lower Barrier for Entry Templates to Automate
Output of SE Products

 Decomposition strategy repeated across all phases e

: Leverage Model Reuse
to Populate Modeling
Libraries of
Components/Capabilities

: Document
Recommended

Practices ~ Include process

flows in Template
Model




MBSE Strategy Traceability to DE Roadmap

Phase 0: Align and Advance Enabling Capabilities
Prove locally, interconnect globally

Phase 1: Implement Digital Thread
Foundational data-focused ecosystem linkage of technical information throughout the mission lifecycle

Phase 2: Assess Cross-Disciplinary
Science-informed trade study analysis a

S
timization with manufacturing workflow modernization

Phase 3: Interconnect Programmatics
Scalable coupling of technical information with cost, schedule, risk, safety, etc.

MBSE-3: Integrate with Programmatics
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Continuous learning and strategic alignment is critical

for successful Digital Engineering Transformation



Industry Alignment )

System 3: Innovation Ecosystem

INCOSE ASELCM Pattern (left)
eSSl Agile Systems Engineering
Lifecycle Management
Reference Pattern

Engineered System

GAIAA AIA

DIGITAL TWIN:
DEFINITION & VALUE

An AUAA, ALA, arct NAFEMS impiementation Paper

GAIAA AFwsens

OMG MCP (below)
Model Characterization Pattern

Model Identity and Focus Model Utility

DIGITAL TWINS3

REFERENCE MODEL, REALIZATIONS & RECOMMENDATIONS Identifies the main subject Desp'ribes the intended use, user,
AS E LC M Leve | 1 or focus of the model. utility, and value of the model.
AIA =5 NAFEMS
= 9;% . E AV Model Scope and Content Model Credibility
I ’ > 4 3 Describes the credibility of
{ " s * % Describes the scope of the model.

L ] content of the model.

A W .‘H e Intentional alighment with
DIGITAL THREAD: .

DEFINITION, VALUE, AND REFEREN(iE MODEL I n d u St ry ena bles expa nd ed
| future partnerships

Model Representation

nodelEHe Cycie Management Describes the representation

used by the model, along
with related artifacts.

Describes the related model
life cycle management
capabilities.

- OMG Wiki, " ”
vy W. Schindel, “ ” 7



https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:model_characterization_pattern_mcp_v1.9.3.pdf
https://www.omgwiki.org/MBSE/lib/exe/fetch.php?media=mbse:patterns:realizing_the_vision_of_digital_engineering_is2022_v1.3.4.pdf
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Digital Engineering: Potential Gains & Pitfalls (=g

* Ongoing market research of relevant, available case studies to constructively inform
e Searching for good and bad

Digital Thr@d Akcti\./atres S7ﬂOOM+ M Od e I = Ba SEd
Cross-Disciplinary Systems Engineerin

Analysis & Optimization ~18% labor reduction

Digital Thread >50% labor reduction
~S700M savings

T-7A Delays Compound Pilot Air Force Boss Gives Reality
Shortage, Expose Digital Check On “Over-Hyped” Digital
Engineering Pitfalls Engineering Revolution

Industry experience is
mixed, but indicates

potential for gains *TBD savings

S — 32 (operations and sustainment)
M D E Ove r'H y E *Not publicly quantified



https://incose.onlinelibrary.wiley.com/doi/full/10.1002/sys.21592
https://incose.onlinelibrary.wiley.com/doi/full/10.1002/sys.21592
https://www.ge.com/digital/sites/default/files/download_assets/Digital-Thread-Activates-Productivity-Gains-Infographic.pdf
https://news.northropgrumman.com/news/features/10-facts-about-northrop-grummans-b-21-raider?_gl=1*13rpocv*_ga*MTQxNjE1NjM1NS4xNjg1NTYxNzk0*_ga_7YV3CDX0R2*MTY4NTU2MTc5My4xLjEuMTY4NTU2MTg1Ni4wLjAuMA..
https://www.thedrive.com/the-war-zone/t-7a-delays-compound-pilot-shortage-expose-digital-engineering-pitfalls
https://www.thedrive.com/the-war-zone/air-force-boss-gives-reality-check-on-over-hyped-digital-engineering-revolution

IELGENEL

* Digital Engineering transformation of Goddard is a HUGE and impactful undertaking

* Focus is on understanding the ‘why’ BEFORE shifting focus to the ‘how’
* Market is saturated with cure-all solutions

...but what is the question being asked?

* Goddard is heavily involved in Agency efforts (DE and MBSE) and increasing
involvement with professional societies

Digital Engineering will

enable Goddard to achieve
more science per dollar




MBSE at Goddard (Greenbelt, Wallops, IV&YV)

e Goddard involved with MBSE work for some time now @ s w
. . i | £
* ROb MorgenStern IS Ieadlng GOddard MBSE Strategy MBSEInfusionandModernizationIni:ii;::tz:;t\::)- E
* Accomplishments wengtns I
* Multitude of published papers with MBSE use-cases SRR Board found | -
* Flight project usage with JPSS, DAVINCI, etc. MBSE as strength |-
= e —E——— Publications
_ , _ | through AIAA,
* Ongoing effort to reduce barrier to entry with starter models IEEE. NOAA
* Multiple complementary ongoing efforts focused on streamlining SpaceOps, etc.
import and new project initiation with templates F o o
* POCs include GSFC/Rob Morgenstern, GSFC/Henock Legesse,
WFF/Dave Kotsifakis
* Growing list of capabilities (demonstrated and future) in backup 4™ Slow uptake for MBSE 0
¢ MOdeI_Based MiSSion ASSU rance GSFC Projects have not been racing to pick up MBSE
e IVV/Frank Huy and GSFC/Nancy Lindsey i o oo s
e Supporting HQ DT NPR modeling effort e e o

10



TE!
Sal \m
Grienef %

Train the Skills B

NASA
GOD!

* SATERN has APPEL courses for SysML training

* Can also leverage NoMagic and other commercial training
* 590-sponsored class 8/14-18

* Practitioners Group has Beginners and Intermediate Guides on SPACES aimed at the
NASA SE Handbook

e NASA-HDBK-1009 MBSE Handbook released Dec 2022

* Updates planned as MLT generates new guidance (leveraging Agency CoP)
* Considering development of short video instructions on targeted tasks

* May need to define a class on more practical applications for GSFC missions
* There are a number of GSFC classes in SATERN that are years old and need updating

9 June 2023 11



Minimum Viable Starter Model

* Requirements Management

Concept of Operations 13
MEL/PEL/ThEL tracking -

Interface Tracking

Test Planning Interested parties can select
the level of MBSE

* Verification Closeout engagement desired

 Stretch capabilities:
* Hazard Analysis/FTA/FMECA
* JIRA integration (e.g., DR tracking, workflow tracking)

9 June 2023 12 0



GOD!

Consulting/Help Desk erm) Nass

* Have a paid-for group that system modelers can go to for advice

* Use a Teams channel, so the contact point is stable, while the participants can expand/contract
as needed

* Group can help expand the infrastructure when not otherwise engaged

* Tiered service
e Just answer questions

* Help engage on the project for focused task (more staffing would be needed)
* Might need to require project funding for this

9 June 2023 13



