National Aeronautics and Space Administration

‘Model Based 'Syst.erhs Engineering -

Using Maxwell's Demon to Tame the “Devil in the details’
that are encountered during System Development

'GSFC Systems Enginee _;
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June 13, 1831 — November 5, 1879

James Clerk Maxwell

A Scottish scientist in the field of mathematical physics

» His most notable achievement was to formulate the classical theory of electromagnetic
radiation, bringing together for the first time electricity, magnetism, and light as
manifestations of the same phenomenon.

* Maxwell's equations for electromagnetism have been called the "second great
unification in physics" after the first one realized by Isaac Newton.

» Maxwell's work on thermodynamics led him to devise the thought experiment that came
to be known as Maxwell's demon, where the second law of thermodynamics is violated
by an imaginary being capable of sorting particles by energy.

Entropy is often
equated to disorder
or uncertainty

§= _szpi In p;
7

p, = Probability of occurring in state i
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Maxwell’s Demon

For more than 140 years Maxwell’s demon has intrigued, enlightened, mystified, frustrated, and challenged physicists in unique and
interesting ways.

First appeared in a letter to a friend in 1867.

Published in his book "Theory of Heat" in 1871.

Term "demon" coined by Lord Kelvin (William Thompson) in 1874.
"demon" really meant mediating, not devilish.

Continually under debate by famous physicists.

Still debated today.
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So, what does that have to do with Systems Engineering?

Model-Based Systems Engineering (MBSE): The formalized
application of modeling to support system requirements,
design, analysis, verification and validation activities beginning in
the conceptual design phase and continuing throughout
development and later life cycle phases”

A system model: An information management system that
represent a physical system, through a cohesive, rigorous and
unambiguous interrelationship between system structure,

behaviors and requirements.

Can better knowledge of the
system enable the reduction
of its ‘entropy’?
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A Case for Change: Science Mission Directorate!

* This science-driven technology development not only enables scientific leadership, it also feeds an

innovation engine with impacts that are well beyond the realm of the initial question and Performing
application space. Science isn’t
getting any
* Broad and lasting impacts are not coming from playing it safe, they come from ambitious science easier!
driving innovative technology. Note that we have a NASA science program that has a variety of tools
with different objectives. But, when it comes to breakthrough science, playing it safe intellectually O;c\’,',F,{\LlSS',R\i,XF’éVSVTS,T’
does not cut it! PACE/OCI are some of

the most complex and
ambitious science
missions ever!

* Final point: intellectual ambition is not proportional to the cost of a system. In fact, the most
entrepreneurial solutions are the ones that pair intellectual ambition with nearly impossible
financial constraints!

1 Dr. Thomas Zurbuchen: https://blogs.nasa.gov/drthomasz/2017/02/13/ambitious-science-driving-innovative-technology/
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A Case for Change: OCE SE Capability Leadership?

Systems Engineering Tech Fellow convened a small group of expert NASA engineering
practitioners to understand if and where opportunities exist within systems engineering.

Culture of compliance
* Failure is not an option, ... even when it’s acceptable given a project’s risk
classification (balance between ALL vs. Catastrophic?)
Workforce experience
* Losing our in-house systems/hardware development capability
* Technical leadership is the capstone of engineering the system
* SE is a broad and ambiguous term, ... who really is an SE and what are they
responsible, ... process, technical decisions, both?
Process proliferation
* Magnitude of policy is overwhelming... (agency, center, orgs, etc.)
* Experienced engineers need minimal policy... others “cookbook” it

SE Environment
within NASA may
have opportunity
for improvement

2 NASA SE Technical Fellow: 2017 SE Capability Leadership Team Face to Face
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A Case for Change: Clear and compelling communication?

information is inevitably lost.

“In the process, the priority assigned to information can be easily misrepresented by its

placement on a chart and the language that is used.”

...also criticized the sloppy language on the slide. “The vaguely quantitative words ‘significant’ and
‘significantly’ are used 5 times on this slide”

[with respect to inconsistent use of 3 cubic inches] ...While such inconsistencies might seem minor, in
highly technical fields like aerospace engineering a misplaced decimal point or mistaken unit of
measurement can easily engender inconsistencies and inaccuracies.

As information gets passed up an organization hierarchy, from people who do analysis to mid-level
managers to high-level leadership, key explanations and supporting information is filtered out.

3 Columbia Accident Report, p. 191

Sound
Engineering
is based
upon rigor

and clarity
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A Case for Change JPL Systems Englneerlng Five System
Engineering Challenges?

1. Mission complexity is growing faster than our ability to manage it...increasing mission risk from
inadequate specification & incomplete verification

SE needs
to evolve
to meet
the
demand

2. System design emerges from the pieces, not from an architecture...resulting in systems which are brittle,
difficult to test, and complex and expensive to operate.

3. Knowledge and investment are lost at project lifecycle phase boundaries...increasing development cost
and risk of late discovery of design problems.

4. Knowledge and investment are lost between projects...increasing cost and risk; damping the potential for
true product lines

7

4 JPL Internal IOM 3100-09-040, T Bayer, 24 Oct 2009 8

5. Technical and programmatic sides of projects are poorly coupled...hampering effective project decision-
making; increasing development risk.
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L

A Case fdr C

The current environment

hange: GSFC Systems Engineering®

Full lifecycle support for NASA missions

* Some of the most difficult technical engineering ever

SE needs to
* Ambitious science, coupled with more tighter control increases pressure for both proposal evolve to meet

development and implementation the demand

 Difficulty for contractor community to fully respond to need

* Must find ways to do more with less, even as we work to grow the workforce and improve
tools/methods

5 Observations from an Assistant Branch Head 9
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SE Role SE Responsibility

Find the right system solution

Leadership Point everyone to the right
solution

Forecast

Plan

Coordinate

Management
Command

Change

Organize

Control

10
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What is complexity?

« A system is said to be "complex" if it is capable of generating
unexpected results.

" "is th i : h i h Reality can be so complex that equally valid observations
* Emergence IS the name scientists have given to events that from differing perspectives can appear to be contradictory.

defy scientific laws based on order and stability.

<

bryanridgley.com

11
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So, Whatdoes that have to do with Systems Engineering?

Managing is hard...

ICD: Launch:

...constant change makes it harder... V10 Space Craft: 2004
Vi1 Pl 2008

Q: Do mistakes happen? Vo 1 - i

Pt
A: Only when: GSFC
« System requirements change S
: Destination:

* Programmatic factors (Resources, schedule) change Mars Mounting

* Personnel change N-E_Acteroid PDL: Material:

* Vendors change Mars Beb Ga*be"‘

- Parts become unavailable Meen Jane A“"S*l‘”e:"m

- A new version of information is released L f;bl; Gold

12
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Dictionary.com “the devil is in the details”
 The devil is in the detalils in culture
 The devil is in the details definition

« Even the grandest project depends on
the success of the smallest 8
components.

T‘ll MAKE THE FREEZER COLDER

B

%, ‘ p

« The Wire ‘ \
y & | —
£ Qe ’,J
DO I TURNIT UP ORDOWN?

\ 13
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So...

Can we use knowledge such as
Maxwell’'s demon possessed to manage
complexity, and defeat the Devil in the
Details?

Maxwell: ...such a being, whose
attributes are still as essentially finite as
our own, would be able to do what is at
present impossible to us.

14



~ Model Based Systems Engineering

Model Based Systems Engineering Strategy

Premise: Modeling can definitely help...
* Design systems more rigorously and clearly

» Analyze the System Architecture more
readily, respond more readily

« Communicate the system more articulately,
both internally and externally

« Automate efforts that are manually performed

B3

today.
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Three Examples: Not a Modeling Clinic

s
M Od eI Ba Sed e Represents a specific mission from the Sounding Rocket Program (WFF)
. * Part of OCE MBSE Pathfinder effort
SO un d | ng ROCkEt e Attempts to create a model that supports the design review (communication)
\_ J
4 )
Ante NNa e Case study: Represents an antenna sub-system (IV&V, assurance)
e Simulates deployment operation to check logic (Analysis, integration)
De p I Oym ent e Enhanced communication with software team (Communication)
\_ J
4 )
e Early FY ‘18 IRAD work to model MMS mission
M M S m |SS|O N e Growing awareness of model use in early lifecycle
e Demonstrates SE analysis (SE Analysis)

16
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Three Examples: Take away

Model Based
Sounding Rocket

\

\(

Antenna
Deployment

AN

\(

MMS mission

AN

* Represents a specific mission from the Sounding Rocket Program (WFF)

* SRP/Projects integrate Pl needs and instruments into launch vehicles

¢ Design review case study shows great potential for electronic exploration of the model
» Navigate conversation in a more agile fashion
* Immediate access to design information
e Eliminate RFAs

* “A day in the life” of a Systems Engineer (IV&V)

¢ Simulation found error in design logic (confusion introduced by vendor documentation)
® Changed the way SE and Software implementer interacted and coordinated

e Leveraging this learning on WFIRST (Core Flight Executive, Coordinating with 580)

e Laying a foundation for approaches to be used for missions at GSFC

e Establishing methods for transferring “heritage” design to next generations

* Demonstrates SE analysis (SE Analysis)

* Creates framework for improving cross organizational collaboration (Standards used in architecture)

17
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Model Based System Development (MBSD) Effort Types Currently
On-Going at GSFC

-

\_

System Development Process Modeling

engineers.

~

Intent is to create system development tools
that will increase the productivity of system

J

4 Mission Design and Development Modeling )

To provide system engineers with an actual
system design modeling language that is
capable of defining almost all aspects of a

\_ mission design. )

These capabilities would produce data oriented products to:

* Enhance the quality and integrity of system designs

* Provide a more integrated and reliable method of transferring development information
between organizations, technical and managerial disciplines, and life-cycle phases.

18
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&=
GSFC MBSD Model Development and Application Vision

System Mission Design and
Development Development
Modeling and Tools Modeling
Wi,
',‘ ..... ‘ ........... ,'
All Development & Operation All Life-Cycle All GSFC Lines of
Aspects: Phases: Business
* Products (Technical) * Pre-Phase-A  Astrophysics
* Resources (Project Management) - AB,CDE * Earth Science
* Processes (GSFC) * Operations * Heliophsyics
* Planetary Science
* Communications
* Cross-cutting
e Other

19
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GSFC Model Based System Development Associated Activities

Products

(Hardware and Software Aspects:
Structural, Behavioral, Requirements,
Parametric)

il

Input State Output State
Products, Resources, Interrelationships Products, Resources,
and Processes

(Information Flow Relationships Node) and Processes

from Previous Iteration

To Next lteration

Resources Processes
(Human, Facilities, (Life-Cycle, Schedules,
Equipment, Tools, Funding) Procedures, Operations)

Future Efforts Sounding Rocket Development Process (FY16-FY18 Pathfinder)

MDL CATTENS Development Tool (FY16-FY17 IRAD)

MDL Study Process (FY17 IRAD) 20
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System Development

Modeling and Tools
| |
I 1 | |
Products Resources Processes
(Hard;;z::;:i.ﬁgj; ;M;?;zr'sz ects: (Human, Facilities, (Life-Cycle, Schedules,
! ! Equipment, Tools, Funding) Procedures, Operations)

Requirements, Parametric)

Mission Design and

Development Modeling
21
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Y .ﬁ!'

System Development Process Modeling Vision All Life Cycle Phases

System Development
Modeling and Tools

I

Products

Pre-Phase-A Phases B to D Phase-E

{not Shown)
uuuuuu
T P st

Enhanced through Modeling

[ Mission Implementation ]
22
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System Development Process Modeling Vision: All GSFC Lines of Business

[ System Development Modeling and Tools J

Astrophysics
Unique Aspects

Earth Science
Unique Aspects

Planetary
Science Unique
Aspects

Heliophysics
Unique Aspects

Comm / Nav
Unique Aspects

Sub-orbital
Unique Aspects

Cross-Cutting
Aspects

Modeling

[ Mission Implementation Enhanced through }
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Focus on the IDC

System Development Science traceability - Enables support for all
Process matrix GSFC Lines of Business

Project

Need/Goal/Objective

MEL cr epe

NRRT . W&~ e S Product Breakdown Enhanced Credlblllty for
D|5C|p||ne Engineers e — Structure proposa|5
: e Concept of

Operations

| I&T Flow - Enhanced institutional
processes provide strong

Information technical and
Management Documented programmatic foundation

(PRIME/CATTENS) “System Model” for Phase A/B

MDL Activity (Study)

Electronic System Model
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State of the Art: A systems enginering tool for the MDL

Key:

Stakeholders, MDL Team
Use commercial or Lead, MDL System Engineer.
GSFC CAD S/W

Flight Dynamics Mission Ops

Use In-House
Spreadsheets.
Do not require in-
house CAD S/W

Launch Vehicle |&T

Central Tool
« - (CATTENS)

r

Orbital Debris

In-House CAD ACS
S/W Tool.
Partially

completed.

Radiation

Propulsion

Use In-House Communications Mechanical

Spreadsheets.
Do require in-
house CAD S/W.

alellis Flight Software Electrical Power URETTEL
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Study Aspect Selection Menu

Study Management

Initial Data

Current Data

Study Plan and Schedule

Study and Discipline Status

Team List and Attendance
Splinter Meeting Plans

Team & Discipline Action ltems
Discipline Technical Info Requests

Customer/Stakeholder

ADL, MDL, and IDL Studies
Industry Products & Technologies
Standard Templates

Component Technical Specs
Trade Studies
Requirements Verification Matrix

Discipline Files

Requirements

System Analyses

Mission Breakdown Structure
Master Equipment List (MEL)
Harware and Software Designs

Evaluations, Decisions, & Rationale

Spacecraft Bus
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State of the Art: CATTENS, Product Development

. =l=lS)
File Tools Help
=- BE- - e- 8] ' Project: MDL 5%—;, Systems Modeler ‘ E t’_g :_(J: o
f |
Systems Dashboard Libraries
System Mass Mass Mass Power Power Power Data Data Data Mass Power Data F * HardwareProduct v
CBE Contingency MEV CBE Contingency MEV Rate Rate Rate NTE NTE Rate
CBE Contingency MEV NTE & Pipes B
> & MDL B Filters
- Spacecraft 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 & Diplexer
- [ ACS 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 Spacecraft
(5 Star Tracker 0.0 00 00 0.0 0.0 00 00 00 00 00 00 00 O Attitude Control System
& Gyro 0.0 00 0.0 0.0 0.0 00 00 00 00 00 00 00 O star Tracker
RWA 0.0 00 0.0 0.0 0.0 00 0.0 00 00 00 00 0.0 B8 Gyro
) css 0.0 00 0.0 0.0 0.0 00 00 00 00 00 0.0 00 B rRwA
& ™A 0.0 00 0.0 0.0 0.0 00 00 00 00 00 0.0 00 O css
() Torquer Bars 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 Torquer Bars
> C&DH 0.0 00 0.0 0.0 0.0 00 00 00 00 00 00 00 Command and Data Handling
» (D Comm 0.0 00 0.0 0.0 0.0 00 00 00 00 00 00 00 G Main Electronics Box
B riacseinal Nasins A Ao an an Pt Ao s An s g an ___an > (3 sACI Board
s E (3 MCLASI Board
Motor Driver Board
7 Redundancy Management Unit
5 COMSEC Box
System Assembly Spacecraft (Hardware Product) & Transponder
v G, MDL (3 Low Gain Antenna
~ (3 Spacecraft Help (3 High Gain Antenna
- ACS | [50% ~ Gimbal
(9 star Tracker o i Electrical Power System
Gyro . (3 Solar Arrays
) RWA 3 Substrate
Css (3 Photovoltaics
™A 3 sA Gimbals
Torquer Bars 9 Battery
» () C&DH (3 Mechanical Structures
» Comm (3 Primary Structure
» (3 Electrical Power Honeycomb Panels
» Mechanical 3 secondary Structure
> @ Thermal @ Gussets
» Propulsion Spacecraft Panels

(9 Fasteners

(3 Thermal Control System
(3 Radiators

(3 Heat Pipes
il

<
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Systems Engineering: Modeling the MDL

The MDL as we
understood it, 2017

Pre- Study Study Week Post- Study

- . eis
Activities (5 full days) Activities . L
* Facilitated Mission
Design activity

Prior to

After Study  Successful History of

Study [—|Monday —| Tuesday —p Wednesday |—»- Thursday |1 Friday |l week Mission Capture
Week R i
- Static report output

N N\ [ \ ([ )

( AM & PM Tag-Up Meetings. ( AM & PM Tag-Up Meetings. AM & PM Tag-Up Meetings.

AM & PM Tag-Up Meetings.

Splinter Meeting Scheduling.
Customer Presentation.

MDL Team Lead Directives.
Questions and Answers.
System Analyses and
Requirements Derivation.
Inter-Discipline Information
Requests and Responses.
Submit “Educated Estimates” of
Subsystem Mass and Power.
Rack-Up Total Mass and Power.

TECECECEEEC I
J/

J/

Splinter Meeting Scheduling.
System Mass and Power Reports.

System and 5 ubsystem Concept Status

and Issues Reports.

Inter-Discipline Information Requests

and Responses.

Product and Technology Research.
Non-Recurring Engineering
Assessments.

System and 5 ubsystem Concept
Formulation.

K Bottom-Up Mass and Power Rack-up:

5.

J

-\ Bottom-Up Mass and Power Rack-ups.

Splinter Meeting Scheduling.

System Mass and Power Reports.
System and 5 ubsystem Inter-
Disciplinary Concept Reviews and
Compatibility Checks.
Inter-Disciplinary Discrepancy —
Resolutions

Product, Technology, and Non-
Recurring Modifications Refinement.
System and S ubsystem Preliminary
Design Formulation.

Splinter Meeting Scheduling.
System Mass and Power Reports.
System and Subsystem Inter-
Disciplinary Design Discrepancy
Resolutions.

Preliminary Discipline Design
Package Preparation.

Team Lead and System Engineer
Review of design packages and
edits.

Final presentation package
completion.

J

¢ ~4 hour team

presentation.

Customer questions,
comments, requests,

and action items.
identification of
potential options,
trade-studies, and
future activities.
Head Starts on Final
Report Corrections.
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Systéms Engineering: Modeling the MDL

» . .
Concurant ntar- . Dones Systems Engineering
. Study Week Lo Design .
MDL Study Science » - | standard Tag-Up .| Disciplinary Work »| Concepts and | <> Package . Final .
Process Package " Meeting " Meetings " arl::ese;:liinngt:r " Deliverables yes Evaluation "| Presentation PrOdUCtS (FY 17)
A A A A no
next tag-up meeting P Y
 Graphical description of
| structure and behavior,
Concept ot system Analyses Concept designed with stakeholders
Formulation Re t:?rzl:r:ents | Requirements > and Derived > F:\::‘;:I;i:::‘n, >
Process q Evaluation Requirements and Decisio'n
Y
yes lﬂo  SE Process from NPR 7123

"V

Change Input Requirements?
Y « Foundation for SysML
Product { Product mOdel Of MDL

Breakdown Breakdown Instrument . | Evaluate Structural New PBS, IT, &
Structure

PBS & MEL
Creation

\ 4
\ 4
A 4

Structure . Elements MEL
Evaluation

(PBS), & MEL

A Y
yes no
<

Change Input Requirements?
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Systl;ns Engineering: Modeling the MDL
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Yellow blocks are activities
(i.e. update and compile
information)

Cusfmer 1L Mansgemsnt Wrap-Us

uuuuuuu

--------

Brown blocks are databases
(i.e. component repository)
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The MDL as we understand it,
2018

 Rigorous and clear
description of MDL [SysML
model]

* Clearly defined
specifications [ex: pre-work,
database information]

« Guides and specifies
CATTENS and future SE
Software development




- Model Based Systems Engineering

Model Based Systems Engineering Strategy

| Systefns Engineering: The Mission Model

| In 2018 we will create a
g oion M""Er'h A SysML model of the MMS
® mission
L | ) ) )  Pathfinder activity
1. Mission 2. Mission 3. Mission 4, Mission 5. Science
Requirements Design Resources Processes Data
» Guides and specifies

CATTENS and MDL output

[ ] | |
. gﬂission — P_I[Dject L PDeveIoEmF?ll:t
tructure eam rocess ase -
y - Facilitates the use of SysML
] — — models
Missi ol .
B R o i = ~ Design
— Analysis
— — Communication
Cost System Concept
Estimates — | Formulation Process
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| Systems Englneerlng The |\/|ISSIOn Model

MMS Mission Model

- Behavioral element of

; 4 Sarch ) cinclude»_/~ Initial On- Orbnt Inclu\.e» d Phase1 p.< .«»;';ac;ra;t~-»_ the ArChIteCture
Tier 1 \ E“".yn';’étr'?k?fb" R Checkou ﬁs—ﬁy T W
. eration S
| - Clearly defined
«mclude» s \eincludex»
.7 - Structure, behavior and
B« i . requirements linked

/ Phase 2a: Apogee | /" Phase2b: /' Phase3a: /  Phase3b:
) /' raiseto 25 Re, nchides. 3 Science sinclude» /  Double lunar «include» [ Mission science
Tier 2 | plan change to 10 "\ operations on — T P  swing-byto - "\ operations on
degrees \ night side \ rals;azoFrzt:t to \ day side
. \_ \




- Model Based Systems Engineering

Model Based Systems Engineering Strategy

Systems Engineering: The Mission Model

«blocks

SUCTOON UL OO0 NPT OO SOOI - - U OB PO OO SO JONG OO MMS Mission Model

PIE1UEl; . . . " Z . . SSCSE‘LE

ablocks . . . . ablocks

Primary Mission-Unique Elements Space 3ystem Common Support Elements | d Th|S diagram iS the

O I T e URESUUNE SUONIUNOE SOUOTIUNNE SUORUN ESUUNE SOURE RN SO SOE SOOI structural element of the

blocks blocks || ece Architecture
: i : : : : : : : Telecommunication| | Launch :

Ground Segment
;| MMS Constelation . . TRl | systems | | segment |

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

o UMMBSIC-A) o oMo L0

«hlocks : : blocks ublocks e «hlocks . . ) Clearly defi ned

MMS Spacecraft - 4 | moc | soc | ep Spac i
: : : : w: : : : : : : : : : : : : : RUSIVOIK : : Facility

ablocks

«blocks cblncks
Spacecraft Bus : : : : Instrument Payload |

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

A | 1 | * Structure, behavior and
L T e 1 I requirements linked

com|  «blocks : «blocks e |FELDS Invest “2_'0“:” coments 71
g : - i . nvestigation Instruments -
7| Comunications R Mechanical I e Unique Instruments

wblocks

© | ablocks |
S st gst
...t s.. .| Gtage |

Ccon|  wblocks | i T[T aplocke | |l : <blocks

C&DH . . Thermal . FPI: Fast Plasma Investigation - 3 Unique
. . : : Instruments

. 2I'IE| blocks |
. . . . g 2nd
«zblocks . : : : : Stage

© ace|  «blocks C e «blocks
B I ACS ....+.....|Electrical Power |,

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

Hp| |Hot Plasma Investigation Instruments |~ 7 "~ 0Tt
. -1 Instrument

."PF‘.E <hlocks
Propulsion . . . : : : : : «zblocks : : : : . . .
: : : ;"EF‘D: Energetic Particles Detector i
Instruments - 2 unique instruments | | | | . . .

..........................................................
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R S RNl . :
Systems Engineering: The Mission Model

! i 1 1
«allocatex» «allocate» MMS MISSIOn MOdel
Spacecraft Bus Instrument Payload
«allocate» «allocate» «allocate» «allocate»
Communications C&DH Electrical Power FIELDS
« Data model
:"Commence
. : Command
@ ooy, L |- .| vecodingana
P P : Verification i
Link Command I i * Clearly defined
r d ~.1/
: "Power On 5 w -
| Instruments © — | = It:u:tc:\:]v:\reg?s B .LVP(l:JPower .
| " Command 2 « Structure, behavior and
| . .
| y requirements linked
: Boot Software
| : "Commence Data T
2 Acquisition"” — e - -
Command 1 v
N - = :Acquire Data
T
._1,
: Buffer Data
=\ : Down-Link B : Transfer Data T
‘\.)"_ - Data = 1T — | forDown-Link ¢
'7\ : Process Data
| T
| > . W
: Receive Data P : Transfer Data
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> - -
Vision: An Integrated Modeling Environment

Mission Architecture

issi High Risk Opti
Mission Concept Development Igh Kisk Uption R

* Begins in ADL, creating

(Architecture Design Lab) .
foundation model

(FY19 — FY20)

Instrument > Mission Low Risk Option
Products: Design Lab Design Lab > e
Mission Concept Design Model I (IDL) Study (MDL) Study ® IDL and MDL aCt|V|t|eS

IDL Pre-Work Data (FY18 — FY19)
MDL Pre-Work Data

(FY17 - FY18) integrate into model

Proposal

Medium Risk Option Development

Tools Used: » (FY19) * Resultant model is in
+ CATTENS Computer Aide di isk Opti
: Medium Risx Option place to support:

System Development Software P>
" EMTE I — Risk management
—

. TESLA-A .
Mission Instrument | | .\ Risk Option model

Design Lab
(IDL) Study . — EVM model

* Instrument and S/C-Bus S e T
Product and Technology — (IVIDL? Stud
udy

Database

(FY17 - FY18) (FY18 - FY19) — Workforce planning
model
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*',’-\. =i

Recap: MBSE offers process improvement throughout the SE
cradle-to-grave cycle

Process efficiencies:

Reduced effort, time and cost in executing SE Enhanced quality and integrity in system

architectures

processes

e Automatic generation of documents, briefing e Improved and earlier detection of design errors,
materials, etc. wrong or missing requirements, conflicting

e Improved support for program reviews, decision interface definitions, etc.
milestones, etc. e Improved communication and shared

e Improved reuse of known-good designs and understanding among disciplines, teams, and
exiting architectural elements stakeholders

e Ready availability of information on system * Improved tools for requirements analysis,
baselines allocation, and tracing

e Clearly articulated concepts e Payoffs from Object-Orientation -

Abstraction/Inheritance, Modularity, Loose
Coupling, Interface Management, and others

e Framework for modeling and simulation at
multiple levels

® More rapid communication within team

 Faster convergence on multi-discipline / multi-
organizational problems
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X -7

MBSE Activities at GSFC

Origins Space Telescope
(FY18, Astro Decadal Study) (Pre-A)

Products WFIRST Integrated Modeling
(Hardware and ‘Software Alspects: (FY18, Astro Flagship, A)
Structural, Behavioral, Requirements,

Parametric)

[}

MEME-X Instrument Development

Input State Output State (FY18, Helio Explorer Laboratory
Products, Resources, Interrelationships Products, Resources, Study, A) (FY18, IDC Study)
and Processes (Information Flow Relationships Node) and Processes
from Previous Iteration To Next Iteration
Resources Processes
(Human, Facilities, (Life-Cycle, Schedules,
Equipment, Tools, Funding) Procedures, Operations) (FEYU:[;) plil Lanfer
, Planetary,
F EFf : : Pre-A)
uture Efforts Sounding Rocket Development Process (FY16-FY18 Pathfinder)

MDL CATTENS Development Tool (FY16-FY17 IRAD)
MDL Study Process (FY17 IRAD)
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Hey, come look at what |
just invented!

don’t know... I’
pretty busy
working on these
stones...

| think I'll call it Bronze.

INCOSE MBSE Worksho‘p Page 3
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Lessons learned at NASA, specifically JPL, an early
adopter and leader of MBSE

Disruptive innovation — not really a software change,
rather a change in the approach to Systems
Engineering and activities

Academically understood benefit — challenge to
balance development vs. deliverable

Barriers to change are real, even when improvement
is a goal

*  Vocabulary

* Quality Assessment

*  Transferability

* Stakeholder Assessment
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Disruptive innovation

39
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Innovation->Enabling technology

CAD enables Martian
Exploration!

NASA releases free 3D printable files
for Curiosity Mars Rover

3D printing is an element of the Mars
exploration architectures

40
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System Model (Flight & Ground Systems): The collection of abstractions, assumptions, and
descriptions of physical components and processes representing the reality of interest

Reduce the amount of effort required of the analysts to
harvest oodles of information: A multitude of sometimes
redundant, sometimes obsolete, oftentimes out-of-sync
documents, spreadsheets, e-mails or whatever...

\VileTel21E

Moving from Documents to Models

Marketing P /XAO
BN 4

o,

Project

Management = =] :.::_‘ System
@ / Model "\)
ss/ \m“

o e ncmmlln Manufacturing CAD

Disruptive innovation
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L3N ﬁ.v

Regu;r%m ents Model Artifacts
atapase - Configuration Baseline(s)/Cls

Stakeholder Dialog . « »
Operational M&S Product “Yellow Pages

: - Rqgmts * Interface Blocks & Specs Products
AGIHID e from * Quality Attributes to next
+ Rqgmts/Arch Tool .
Linkage above » Trade Studies level
- Reference Arch 7 LEESEN AR FEEERES Tailored
+ Autogenerated Documentation Products f
Operational roagucts ior
Viewpoint (OV) System Design Technical Product Deployment/Su
* Top-Level Structure Processes Management Realization stainment/
(Domains) B - 7 A Upgrading
. Top-Level Behaviors || ¥ equirements Processes Processes
(Use Cases) Definition 10 Technical Product ¥
+ Rqgmts Allocation to 1 Stakeholders Planning Transition
- . - Integrate/Test
Dgrpamstse Cases |7 Expec'tatlons 11 Requirements 9 Product Transition | g
» Initial Decompo- 2 Technical Management -
sition (Subdomains) N Requirements 12 Interface Evaluation "{ Design/Build
+ Conceptual Data Technical Management 8 Product Validatio
Model~ secf ';fca 13 Technical Risk 7 Product Physical/ Virtual
= = oluton Management Verification
Logical/Functional |||3 Logical 14 Configuration _ — /| Prototype
Viewpoint (LV) Decomposition Management Design Reahzat.'_o Phvsical
+ Functional Decomp _3‘ Design Solution 15 Technical Data 6 Product Intt=.-grat|onN VAT
- Block Behaviors 5 Product Viewpoint (PV)
Management i \
+ Rgmts Allocation to / 16 Technical Implementation * Product Trades
Blocks, Interfaces, A - Product Specs
ssessment . Do
Threads, etc. = * Detailed Timing/
17 Decision i
 Reference Arch Analvsis Real-Time
» Design Trades y Analysis
- Design Specs Rqmts Products - Physical Data
+ Logical Data Mode/ flowdown from below Model
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System Integrate/Test ~
e w/ Enterprise
Requirements —p Tested System
£
g
% Sub_systt_am Integrate/Test
= _< Engineering Systems
g
) Decomposed
g Requirements Tested
o Subsystems o]
° £
a
Component Integrate/Test 5
k= > Engineering Subsystems 2
2 -
=3 g
: s
= Allocated 8
® Requirements; Tested Ei
5 Component Products 2
S -< Specifications 2
c
=]
w
™
'% Configure
© Off-the-Shelf
- Develop/
c t
- Modify/Test Y PO on
E Components
¢
2]
g <
E Integrate/Test
B Components
£ /
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Q1: What are the major bottlenecks for a comprehensive model based systems engineering capability?
Al: Potential for disconnects that independent organizational objectives can present in matrixed organizations.

Development:
Long term Capability
Stewardship

Deliverable:
Project objectives

Maximize
Science

Deliver on
schedule " o
: Develop woOrkrorce J
( D(;hvdere?cn J ( new approaches
uds ha

Create new approaches t tj
Minimize risk minimize risk, reduce cOS
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Q2: What approach do you advocate to move MBSE forward in industry, government and academia?

A2: High level policy, with a deliberate hand in policy flow down, coupled with grass-roots technical activities can ensure

strategic intent is realized.

Engineering Policy: Digital methods are

Agency Policy: Digital methods as a means to Project Policy: Digital methods are standards, ) "y
. . : standard practice, manage the transition
better implementation and costs are baseline . .
responsibly and transparently with Program
Project commitment to participate in Program support work plans are designed for no

Program commitment to invest . .
transformation programmatic impact

Technical implementation are responsible and
transparent, invest in current and future
workforce and tools with a balance between
development and deliverable.

Long term program benefits Business as usual technically

_ 45
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Q3: What are the next steps and the time horizon for this SE transformation?
A3: Coordination across larger entities [communities such as this forum], resulting in standard approaches,
tailoring/customization of processes within specific entities, and a call for tools to respond to common needs.

Task C

Common oo
Processes

System
Architecture
And Interface
Definition

2008-2009 2010-2012

“Top-Down
Design”
Task B i

System r A v
Input Analyses and Simultaneous
Requirements Derived Ime"’;”rgted >'>
Definition Requirements
Definition

A 4
Task C2

Product and
Technology
Identification
and Selection

( Task E \

Trade Studies Technical
and Technical Evaluations and
Specifications Decisions

—

Task D

Cost, Schedule,
and
Development
Risk

| Hnd:el»ﬂaszdSysm Engineering

2006 - 2007

A 4

Y

Tasks

2003 -2005
B
b

“Bottom-Up”
Design

Industry response

g
o™
1
. 2 [ 1]
~ icDr
to community oo i
d % MagicDraw 3.X j

nee ; ;
:IE_ MagicDraw 2X |
MagicDraw 1.X
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Summary

« Systems Engineering is challenged like never before (complexity, collaboration, risk posture, cost caps)

« Model Based Systems Engineering offers a viable path forward to improving effectiveness of SE in the
current environment

« SysML modeling can provide rigorous and clear management of systems, although other software
environments will need to interact with them to make them widely usable: Systems Engineering as a
Capability, can improve through modeling

« Change must be deliberate

* |f you are even curious about how model based methods can help your project, get in touch with me!
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Questions?
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