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Presenter: Christopher Delp

Background

e Systems Engineering

e Software Development

o Safety Critical Software

e Model-Based Systems Engineering

JPL

e Deep Space Network
e Curiosity

e Europa Clipper



JPL is part of NASA and Caltech

* Federally-funded (NASA-owned) * 167 Acres (includes 12 acres leased
Research and Development for parking)
Center (FFRDC)

* 139 Buildings; 36 Trailers

* 673,000 Net Square Feet of Office
« $2.7B Business Base Space

* 6,000 Employees * 906,000 Net Square Feet of Non-
- Office Space (e.g., Labs)

* University Operated (Caltech)
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Some Notable Firsts

Surveyor 1, First soft landing on the moon Viking, first landing on another plangt

r——T—

Jet Propulsion Laboratory
California Institute of Technology

6



21 Spacecraft and 8 instruments across the Solar
System and Beyond...
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Two Voyagers (1977)  Mars Odyssey (2001) Jason-2 (2008) Opportunity (2003) Spitzer (2003) Mars Reconnaissance
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CloudSat (2006) Dawn (2007) NEOWISE (2009)  Juno (2011) Curiosity (2011) NuSTAR (2012) 0CO-2 (2014)

SMAP (2015)  Jason-3 (2016)  InSight (2018) MarCO (2018) RainCube (2018)

Grace Follow-On
(2018)

Earth Science Planetary Jet Propulsion Laboratory
*MISR <AIRS *MLS +<ASTER < OPALS. ¢ ECOSTRESS ¢ CAL - MARSIS California Institute of Technology
(1999) (2002) (2004)  (2009) (2014) (2018) (2018) (2003)
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JPL Vision — Dare Mighty Things

Pursue long-term scientific Quests with a diverse and bold portfolio of missions
Push the limits of space exploration technology by developing and fielding ever
more capable autonomous robotic systems

Strengthen our core expertise while developing and maintaining strategic
partnerships with other NASA centers, U.S. national laboratories, academia,
industry, and our international partners

Build a robust Laboratory of the future that fosters a culture of innovation,
openness, and inclusiveness

Transform our systems to promote easier collaboration and information sharing
Strengthen our end-to-end mission capabilities and accelerate the infusion of
new technologies and capabilities into our future missions

Inspire the world through our stories and our journey into space

Support American leadership in space and as we Dare Ever Mightier Things

Jet Propulsion Laboratory
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JPL Vision — Seven Quests

Understand how Earth works as a system and how it is changing
Help pave the way for human exploration of space

Understand how our Solar System formed and how it is evolving
Understand how life emerged on Earth and possibly elsewhere
in our Solar System

Understand the diversity of planetary systems in our Galaxy
Understand how the Universe began and how it is evolving

Use our unique expertise to benefit the nation and planet Earth

Jet Propulsion Laboratory
California Institute of Technology



Model-Based Engineering
Environments (MBEE)




Precise Engineering Information and Products
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Correspondent Engineering Information and
Products
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Seat at the Table for Domains and Apps

Multi-
Process Machine
Orchestration Analysis

AD] Analyses Search
v

Web Services
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Pipelines

Engineering Pipelines

Process (traceable, auditable, repeatable)

Capture Requirements/Design

Software Pipelines

Process (traceable, auditable, repeatable)

Development Testing

Jet Propulsion Laboratory
California Institute of Technology
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Issue management Continuous Integration Process orchestration

Process (traceable, auditable, repeatable)

Capture Requirements/Design
. f Requirements | [ Simulation | Brodicte
Mapping .
. Management . | Analysis |
: : —
i Design Modeling Model Checking Documents
" . J
. o. . r - 1
_ SpeC|f|cat|ons Visualizations
Discovery - . y
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Confi urations et Propulsion Laborator
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Issue management Continuous Integration Process orchestration

Process (traceable, auditable, repeatable)

Development

e ) ( )
Requirement Integrated Test case Deployment
management . development environment . | management | -
- - . e )
. . . Engineering
System Static code analysis Test execution Workstation
modeling : : | (remote) )
“ e = 1
- Review Security
Data - a scanning
modeling 2
a i i )
CM repositories
(code, binary, container) | @ o beraery
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NX/EPDM

ulti-
Machine
Analysis

MPS Syndeia Artifactory
Cloud

Timelines Maps Artifacts

Mathematica Sawyer

DIY Web
XL Release ‘ ModelCenter MMS Teamwork App
Cloud Cloud
Analyses Search Mods

View Editor
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@JenkinO :Y..j IRA XL) RELEASE

LENG
|=> Publication WENG

sof‘tware
DOORS Next Generation

@ MapleMBSE

TestRail:..

CONDA

pUthon
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Modeling Languages

Graphical Hybrid Graphical/Text Code/Text Information

. a
MODELICA
A
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Evolving Cloud Compute Services

14 Server Set-ups - over 200 servers

Full Test String - Test, Integration, User Acceptance, Production
Managed Services

Software as a Service

JthI n Laboratory
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Open MBEE Community and
Software



Open Model-Based Engineering Environment

e OpenMBEE is a community for open source modeling software and
models

o Number of open source software activities

o Number of open source models

e JPLis a participant and adopter of OpenMBEE software and models

e Along with Boeing, Lockheed Martin, OMG, NavAir, Ford, Stevens,
Georgia Tech, ESO

e \Vendor participants

e ~300 members

Jet Propulsion Laboratory
Callifornia Institute of Technology



Open MBEE Models and Software
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2.1.6 Time to execute
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View Editor/Docwe

requirement of 120 min (as shown in the figure below).

At Keck, we routinely perform post-segment exchange alignment in 120 minutes o less. However, at Keck the segment shapes are measured in a separate test, with each segment measured separately,
but adjustment of the segment warping hamesses is manual and occurs the next day. We will measure the TMT segment shapes in parallel as part of the rigid body and segment figure activity and imidiatly
adjust the segment shapes during the night via the motorized warping hamesses and iterate the control at least once. Given our bottom up estimate and our Keck experience we have a high degree of
confidence we can met the 120 minute requirement.
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Linked Data Documents with Open MBEE
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circleci

) e @ docker
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Engineering Models as
Commodity Information




The Significance of Engineering Models
o Unique

o Valuable
e Durable

Jet Propulsion Laboratory
California Institute of Technology



Commoditization Unlocks the Value

« Open - Innersource
« Discoverable

« Searchable

« Learnable



Engineers as Humans



Engineers as Humans

. Cultural Resistance
. Systemic Process Impact
. No Users - The Risk of Failure



Engineers as Humans

. Empathy
. Human Centered Design
. Incremental Improvement



Welcome to the World of
Tomorrow



AVISIBILITY

Peak of Inflated Expectations

Plateau of Productivity

Slope of Enlightenment

Trough of Disillusionment

Technology Trigger

TIME

Path to Success

>
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Unlocking the Power of Commodity Information

- N
 —" \
/ \
.' —
\ ]
\ /
\ /
V4

Jet Propulsion Laboratory
California Institute of Technology

38



Jet Propulsion Laboratory
California Institute of Technology

jpl.nasa.gov



Bibliography

Hand, K.P., Murray, A.E., Garvin, J.B., Brinckerhoff, W.B., Christner, B.C, Edgett, K.S, Ehimmann, B.L., German, C.R., Hayes, A.G., Hoeler, T.M., Horst, S.M., Lunine, J.I., Nealson, K.H.,
Paranicas, C., Schmidt, B.E., Smith, D.E., Rhoden, A.R., Russell, M.J., Templeton, A.S., Willis, P.A., Yin%st, R.A., Phillips, C.B, Cable, M.L,, Craft., K.L., Hofmann, A.E., Nordheim, T.A.,
Pappalardo, R.P., and the Project Engineering Téam (2017): Report of the Europa Lander Science Definition Team. Posted February, 2017.

Karban, R., Dekens, F., Herzig, S., Elaasar M., Jankevicius, N., “Creating systems engineering products with executable models in a model-based engineering environment”, SPIE,
Edinburgh, Scotland, 2016

ggrlean, R., Jankevicius, N., Elaasar, M. “ESEM: Automated Systems Analysis using Executable SysML Modeling Patterns”, INCOSE International Symposium (IS), Edinburgh, Scotland,

Karban, R. “Using Executable SysML Models to Generate System Engineering Products”, NoMagic World Symposium, 2016
Trancho, G., Analyzing the Operational Behavior of NFIRAOS LGS MCAO, Acquisition on the Thirty Meter Telescope using SysML

Analyzinﬁthg Operational Behavior of the Alignment and Phasing Sgstem of the Thirty Meter Telescope usin%SysML Sebastian J. I. Herzig, Robert Karban, Gelys Trancho, Frank G.
Dekens, Nerijus Jankevicius, and Mitchell Troy, Adaptive Optics for Extremely Large Telescopes, Tenerife, 20

Model-based spacecraft fault management design & formal validation

Corrina Gibson, Michael Bonnici, Jean-Francois CastetPublished 2015 in 2015 IEEE Aerospace Conference

Abstractions for Executable and Checkable Fault Management Models, Corrina Gibson, RobertKarban, Luigi Andolfato, John Day, 2014 Conference on Systems Engineering Research
Corrina Gibson, Robert Karban, Luigi Andolfato and John Day. Formal Validation of Fault Management Design Solutions, JPF Workshop 2013

Open Source TMT model: https://github.com/Open-MBEE/TMT-SysML-Model

Open Source Engineering Environment: openmbee.org

A Practical Guide to SysML, 3rd Edition, Chapter 17 by Friedenthal, Moore, and Steiner
https://www.jpl.nasa.gov/spaceimages/
Satellite by Made by Made from the Noun Project @/

Jet Propulsion Laboratory
California Institute of Technology

40


https://github.com/Open-MBEE/TMT-SysML-Model
https://www.jpl.nasa.gov/spaceimages/

