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** Defined architecture, including major tradeoffs and
options ready to be baselined after review comments are
incorporated.

** Allocation of requirements to next lower level ready to
be baselined after review comments is incorporated.

** MOPs, TPM, and other key driving requirement ready to
be approved.

Engineering

A= ff(Excel, Word, Power Point)d
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**Initial trending information on the mass margins (for
projects involving hardware), power margins (for projects
that are powered) and closure of review actions (RFA, RID,
and/or Action ltems).
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'"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
Maxwell: ...such a being, whose throughout development and later

attributes are still as essentially finite as life cycle phases
our own, would be able to do what is at
present impossible to us.

1 International Council on Systems Engineering (INCOSE) - http://www.omgwiki.org/MBSE/doku.php 4
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Process efficiencies:

Reduced effort, time,and cost in executing
SE processes

* Clearly articulated concepts
* More rapidcommunication
withinteam

*Improved support for program reviews,

decision milestones, etc.

* Improved reuse ofknown-good designs and

exiting architecturalelements

* Faster convergence on multi- discipline /
multi-organizational problems

» Automatic generation of documents,
briefing materials, etc.

* Ready availability of information on
system baselines

What’s in it for the SE team?

M_BSE ofei's process improv

ement for SE througout the entire project lifecycle

Leadingto:

Enhancedqualityand integrity
in system architectures

* Improved communicationand shared
understanding among disciplines, teams,
and stakeholders

* Improved and earlier detection of design
errors, wrong or missing requirements,
conflictinginterface definitions, etc.

* Improved tools for requirements
analysis, allocation, and tracing

* Architecture Re-use -
Abstraction/Inheritance, Modularity,
Loose Coupling, Interface Management,
and others

* Framework for modeling and simulation at
multiple levels

What'’s in it for the Program/Project?

Enabling:

Efficientand robust

Mission Developmentand Execution

* Model reuse for detailed and informed
candidate concepts

* Embedded lessons learned facilitating
informeddecision making

* “Digital twin” —enabling
automaticinterface verifications

* Engineering efficiency through digital-
centric certification processesto informand
reduce cost for physical certification

» More timely identification of discrepancies
between elements, improving design
closure for major gate reviews

«“Real-timereview”, with interactive
information

* Recovers abilityto understand systems
acrossdisciplinesand subsystems in the
context of growingcomplexity

What'’s in it for the Enterprise?
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So...what is MBSE...?

Systems Engineering

* System: The combination of elements that function together to produce the capability to meet a need.

* SE Domain is an SE team, that interacts with stakeholders to turn external needs, goals and objectives into a system description, a system design, and a realized product that can
be operated to meet the need

* Technical System Development & Technical Information Management

« ...a methodical, multi-disciplinary approach for the design, realization, technical management, operations, and retirement of a system.
* Governed by NASA NPR 7123

System Architecture (Product Architecture)

* The architecture of the system to be realized: Description of the system elements: all hardware, software, equipment, facilities, personnel, processes, and procedures needed for
this purpose. [i.e. System Structure, System Functions/Behaviors, System Requirements [For operation and development]

* A SE team, executing the SE Process

* Workflow, precise language for description of systems to perform tasks

* Organization principles of the system architecture description (NASA Architecture Framework)

( , Digital System Model )
o * A comprehensive description of the system architecture and architecture of the Project Team'’s design and delivery efforts
- - = * A comprehensive set of work products to communicate the ability of the system to meet the need, and the ability of the Project Team to design and deliver the system
- * A Modeling Language (e.g. SysML - A modeling language specific to engineering systems), and “Rule set” for model elements and what they represent
i b * Appropriate level of rigor for the task at hand
» = = * Supports the analysis, design and verification of complex systems
-
* Organization Structure of the system architecture description (NASA Architecture Framework)
-
\.
L J
( - Modeling Engine )
£ . CAMEO * “Modeling Tool” — Cameo Systems Modeler (MagicDraw ) is one (of many)
IMULATIO
ADEATIORN. 1L ' | « Enables creation of models
z * Provides display and export of “model artifacts”
@ -
\—= " e
_ J
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Agenda

Digital Engineering
* Digital Engineering —what is it?
* Why do we want to do it?
* Some external points of view
What does it mean to NASA-what does it mean to my branch/domain?
Changing our (Instrument & Payload SE) processes: Design Reference Architecture
* Concept
* Example
* Recap
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Digital engineering is
the practice in which
new applications are
conceived and
delivered.

Digital technology
combines engineering
data and the art of
design.

Digital engineering is the
art of creating, capturing
and integrating data
using a digital skillset.

Digital Engineering is much more than creating models. It’s
about unlocking knowledge and stimulating insight,
creating data and a platform for true project collaboration
that is set to be the building block for 21st century
construction.

[1] Google search “What is Digital Engineering?”
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Space Act (Some key objectives)

The establishment of long-range studies of the potential benefits to be gained from, the opportunities for, and the
problems involved in the utilization of aeronautical and space activities for peaceful and scientific purposes. (DE is
certainly in a long range study phase)

The preservation of the role of the United States as a leader in aeronautical and space science and technology and
in the application thereof to the conduct of peaceful activities within and outside the atmosphere. (DE is necessary
to preserving a leadership role for US)

The making available to agencies directly concerned with national defenses of discoveries that have military value
or significance, and the furnishing by such agencies, to the civilian agency established to direct and control
nonmilitary aeronautical and space activities, of information as to discoveries which have value or significance to
that agency; (DE will benefit the entire Aerospace Enterprise)

The most effective utilization of the scientific and engineering resources of the United States, with close
cooperation among all interested agencies of the United States in order to avoid unnecessary duplication of effort,
facilities, and equipment. (DE will improve utilization of Government science and engineering resources)

[1] https://en.wikipedia.org/wiki/National_Aeronautics_and_Space_Act#cite_note-SpaceAct1958-3
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So...where should we begin the discussion?

* Boeing
 How Does DT/DTw Enable Model-Based Aerospace Enterprise? (Dan Seal, Boeing Defense, Space &
Security, March 27, 2019, RROI 19-00155-BDS)

* The System Engineering “V” - Is It Still Relevant In the Digital Age? (Daniel Seal, Senior Manager,
PLM, Boeing Defense, Space & Security, daniel.w.seal@Boeing.com, RROI 18-00101-BDS)

* Analytical Graphics, Inc.
* Digital Mission Engineering 2019 FORUM, Columbia, MD

* Department of Defense

* Digital Engineering Strategy & Implementation Status - Philomena Zimmerman, Deputy Director,
Engineering Tools & Environments OUSD(R&E) or Office of the Under Secretary of Defense
(Research & Engineering), NDIA Washington, DC| Thursday June 6, 2019
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S .

What is Digital Engineering to Boeing?

DATA-DRIVEN DECISION MAKING

DATA ANALYTICS (INSIGHT)

DIGITAL TWINS (INTELLIGENCE)

DIGITAL THREAD (CONNECTIVITY)

The Digital
Value Chain

Copyright © 2018 Boeing, Allights reserved. Approved for Public Release (RROI 19-00155-BDS) 11
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SEV

Concept
Development
Requirements Test&
Engineering Evaluation
stel System
ite Integration

Source: Mitre Source: Boeing

Moving from a document era to a digital engineering
era with information flow across the lifecycle

Approved for Public Release (RROI 19-00155-BDS)

Copyright ® 2018 Boeing. All rights reserved.
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"What is Digital Engineering to Analytical Graphics, Inc.?

* Digital Mission Engineering?
* Connecting the Model to the Mission
* The integration of the mission environment and operational objectives into the
digital thread throughout the entire product lifecycle.

Why DME is Important Now

[1] AGI Digital Mission Engineering Forum, 2019
Copyright ©2020 Analytical Graphics, Inc. 13



Need for DME: Life Cycle Perspective
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[1] AGI Digital Mission Engineering Forum, 2019
Copyright ©2020 Analytical Graphics, Inc.




Need for DME: The Vision

Development

~ Concept
Development

System Requir: nts
and Early Dgsiin

[1] AGI Digital Mission Engineering Forum, 2019
Copyright ©2020 Analytical Graphics, Inc.




Need for DME: The Vision
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[1] AGI Digital Mission Engineering Forum, 2019
Copyright ©2020 Analytical Graphics, Inc.
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"What is Digital Engineering to DoD?

 What is Digital Engineering?
* Combines model-based techniques, digital practices, and computing infrastructure
* Enables delivery of high pay off solutions to the warfighter at the speed of relevance

e Reforms Business Practices
* Digital enterprise connects people, processes, data, and capabilities
* Improves technical, contract, and business practices through an authoritative source
of truth and digital artifacts

[1] Digital Engineering Strategy & Implementation Status: Philomena Zimmerman, Deputy Director, Engineering Tools & Environments, NDIA Washington, DC| Thursday June 6, 2019
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= What is Digital E ? 2 practices
o0 @ €

techniques, digital practices,
and computing infrastructure

— Enables delivery of high pay S
off solutions to the warfighter s ot
at the speed of relevance

jons.
E:?‘F'Erallao&SJ

use of Models

Provide an -
Authoritative
Source of Truth

Cultural design principles

= Reforms Business Practices

— Digital enterprise connects
people, processes, data, and
capabilities

— Improves technical, contract, and
business practices through an Tasonn

authoritative source of truth and  [RiGks
digital artifacts

' PROCESSES TOOLS HWISW  NETWORKS  SECU

Integrates people,
process, tools and data

ow we design, operate, and sustain capabilities
to outpace our adversaries

Distribution Statement A: Approved for public release. Distribution is unlimited. i

NDIA 18

June 6. 2019
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What about NASA?

* The Agency is looking at what a Digital Many Center

Level Engineering

Efforts, evolving

Engineering future could, and must be. Mode) ased organically

Systems

aninegrill:\sg”gE
* There are many organizations at all levels .

exploring digital engineering approaches

* Integrating and aligning the agency digital
approach is a significant undertaking

* Leveraging other efforts will help streamline and  pigital Transformation
lessen the negative impacts of the transition  (Integrated Agency Perspective)

19
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While preparing for CDR, my challenges were:
* Keeping all my diagrams consistent

* Keeping my state machines up to date

* Managing TPMs (Spreadsheets!)

* Hardware failure (good luck with that!)

* The Pl called...and wanted a follow on

* Can you show me a better way?!
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To support a Pl, the ISE must capture the instrument archltecture over the entire

system lifecycle — and demonstrate a plan for this at TMR!
GSFC Project Life e

. Apnrr Approval for
Pepe > FORMULATION LG NTATION

-~

| P Ph B:
Project Life Cycle Pre-Phase A: poni Phase C: Phase D: Phase E: Phase F:
Concept & Technology Preliminary Design & 1 . .
Phases ‘ Concept Studies Development Technology Completion Final Design & Fabrication System Assembly, Integ & Test, Launch & Checkout Operations & Sustainment Closeout

Project Life Cycle KDPA KDP B koPC KDP DY KDP Ev KDPF
Gates, Documents ovat praiminery M Prmincry Baseline Final Archival
& Ma]DI’ Events Project Requirements Project Plan Project PlanA Launch End of Mission of Data A
C) ) ) S ) ’ )
e Realized:
. Mission | Instrument iE
Science System Level System | Realization] « Parts Certified
Concept Conceptoff Concept of Specification Design Pl System
P Operationg] Operations g an 7 Sl
a * Systems
The Pl called...and wanted a follow on '
= A= j f(Excel,Word, Power Point)d g, incering
n 21
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Lets build a better future!

While preparing for CDR, my challenges were
* Keeping all my diagrams consistent
* Keeping my state machines up to date
* Managing TPMs (Spreadsheets!)
* Hardware failure (good luck with that!)
* The Pl called...and wanted a follow on
* Can you show me a better way?!

Reform business practices:

Design Reference Architectures

Business Functional Quality
Goals Requirements Requirements

Architecture Product Family Means and
Recovery Information Architecture Design Patterns

VR
'. | i . Reference Architecture
: A future model repository of DRA will leverage both ( Description >
]I “generic” architectures, and specific “heritage”
22

architectures
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Change our processes... (Realistically, this will only work
for new concepts with similar instrument architectures)

** pefined architecture, including major tradeoffs and
options ready to be baselined after review comments are
incorporated.

** Allocation of requirements to next lower level ready to
be baselined after review comments is incorporated.

** MOPs, TPM, and other key driving requirement ready to
be approved.

**|nitial trending information on the mass margins (for
o v ) projects involving hardware), power margins (for projects
' [ [ that are powered) and closure of review actions (RFA, RID,
and/or Action Items).

Branch_ Assistant
Manager_ Branch
Manager

L
Lt

Ny

=
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_ Pty
Start with relevant, .
Reuse and tailor DRA Export model content

successful legacy  ~ to accelerate TMR

products content to create a new :
instrument architecture preparation

From upcoming DRA for Imaging Instruments Training Event — 03-26-20 24
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Evolution from SE to MBSE...a stepping stone

DIGITAL TWINS

Description of
p MODEL BASED PRODUCTION PLANN” .G m‘ VIRTUAL PRODUCTION SYSTEM U s€ Of th e
the System System

MODEL BASED DEF’ITION = 3%.° ; __ VIRTUAL QUALIFICATION

MODEL BASED SYSTEMS EN"ANEERING/’ = VIRTUAL CERTIFICATION
BUSINESS MOT cL VIRTUAL OPERATIONS

MARKET (MISSION) MODEL VIRTUAL ECOSYSTEM

NEEDS & SOLUTIONS

AS-NEEDED 4 ,./ Q) AS-SUPPORTED

AS-OFFERED L | T , AS-DELIVERED
AS-SPECIFIED AS-CERTIFIED

The digital system model:

* Becomes the digital thread
AS-PLANNED AS-BUILT * Coordinates the simulation
environment

AS-DESIGNED " AS-TESTED

PHYSICAL SYSTEMS

The Digital Enables the digital analytics
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Process efficiencies:

Reduced effort, time,and cost in executing
SE processes

| MBSE ofers process improv

- Model Based Systems Engineering

ement for SE througout the entire project lifecycle

Leadingto:
Enhancedqualityand integrity

Model Based Systems Engineering Strategy

Enabling:
Efficientand robust

* Clearly articulated concepts

* More rapidcommunication
withinteam

*Improved support for program reviews,
decision milestones, etc.

* Improved reuse ofknown-good designs and
exiting architecturalelements

* Faster convergence on multi- discipline /
multi-organizational problems

» Automatic generation of documents,
briefing materials, etc.

* Ready availability of information on
system baselines

Digital Thread

What’s in it for the SE team?

in system architectures

* Improved communicationand shared
understanding among disciplines, teams,
and stakeholders

* Improved and earlier detection of design
errors, wrong or missing requirements,
conflictinginterface definitions, etc.

* Improved tools for requirements
analysis, allocation, and tracing

* Architecture Re-use -
Abstraction/Inheritance, Modularity,
Loose Coupling, Interface Management,
and others

* Framework for modeling and simulation at
multiple levels

Re-use / Rapid

planning

What'’s in it for the Program/Project?

Mission Developmentand Execution

* Model reuse for detailed and informed
candidate concepts

*Embedded lessons learned facilitating
informeddecision making

* “Digital twin” —enabling
automaticinterface verifications

* Engineering efficiency through digital-
centric certification processesto informand
reduce cost for physical certification

» More timely identification of discrepancies
between elements, improving design
closure for major gate reviews

«“Real-time review”, with interactive
information

*Recovers ability to understand systems
acrossdisciplinesand subsystems in the
context of Rolexity

Data Driven
Decision Making

What’s in it for the Enterprise? %




Mude'l Based dystems Engineering

Model Based Systems Engineering Strategy

A i A€ L B |

So...what does that look Ilke?

e— = ¥ .+ Imagine a repository of re-
B s usable models

“ GSFCiliDesign. i:fur_:T?.cn_Archilectum Elements | ° T h e y re p reS e n t:
[

‘ , u — . — Foundation elements, like
GSFC_Lib Emitter/Transmitier Subsystem | 'GSFC_Lib Thermal Control Subsystem | GSFC_Lib Detector Subsystem e b Contol Sabwytem kLB Apetike: Systern « . ” « .
— | = - mirrors” and “electronics
GSFC_Lib Structural Subsystem ‘ | GSFC_Lib Electrical Subsystem : GSFC_Lib Flight Software Subsystem |GSFC_Lib Mechanisms System | Ca rd S”
GSFC_Lib Structural Specialty | | IGSFC_Lib Structural Foundation Hardware | T | 1GSFC_Lib Mecl‘mnism Foundation Hardware ‘ ibgFCileiAwﬂura Specialty - M O re Co m p | eX e | e m e ntS y | I ke
“ . H ”
mirror assemblies” and

TR Fo{mdu‘tion T | V”t:sTC_L?h"Mechnnism Specialty ‘ | IGSFC_Lib Aperture Foundation Hardware “e | eCtrO n iCS bOXeS”

47€SFT_I.I75'EIe¢tronic: Specialty

-

] T B —] — I 1 — Even more complex
.GSFcithThgrmalCunlrulEiectmnics1 GSFC_Lib Mechanism Control Electronics |[Erictcal Bax R CESesnticaRackaging i i elements |ike “TeleSCope
Assemblies”, “Instruments”

and “Space craft bus”

== L 2RI Beconies Electronics Sub-card | 1 Bac}i(.plann ] ‘wm@ Hamess i I m ag I n e th e RS D O Cata I Og

GSFC_Lib Electrical Interconnect |

I i T \
GSFC_Lib Power Conversion Electronics | GSFC_Lib General Power Electronics GSFC_Lib Electronics Card

GSFC_Lib Detector Front End Electronics |

B || | Ve ' transformed into a models

GSFC_Lib Analog I/O Electronics | | Etectronics Part |

|
GSFC_Lib Data Storage Electronics ‘

27
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~

(Missions/Lines of Business
* Earth Science

* Astrophysics

* Heliophysics

* Planetary Science

* Space Comms/Nav

* Sounding & Range Services
\ Orbital Servicing )

~ )
(" Payloads/Instruments ) Generic

-
* Radar/Radiometer Instruments/ L’Ralph Example:
GSFC Generic " Spectrophotometer Taxonomies Generic D RA-to-I-? hase A
: : EM Field Probes Desi I Model via Reuse of
Modeling Library * Particle/Plasma Analyzers esign ging Library Materials
* Imagers/Telescopes Reference Instrument |
* Diagrams & Specs

* Seismometers Architectures i ) |+ SE Products for TMR |
\__Others J \ J

( )

The Pl called...and wanted a follow on

\

( Other Applications
* Processes (Management,
@ = Engineering, Mission

Assurance, et al.)
* Organizations
(_* Resources, Facilities, & Staff )

28
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bdd [Package] Structure [ Generic Instrument -‘) bdd [Package] Structure [ Generic Imaging Instrument ]J
- ablocks
«Elements Tailoring for an Imaging Instrument “;gfnm‘
Generic Instrument - Aperture: telescope wif optics, baffles, etc Generic Imaging Instrument
- Detector: focal plane array detector(s)
Instrument type : String - Emitter/Transmitter: N/A Instrument ID - String Legend
ID : String 5 o i Provider : String ;
Provider : String = SEI"UCIUI’IE‘. chassis/box, me_cnamcal interfz Instrument Type : Enum [] Inherited
Mission ; String - Mechanisms: telescope pointing. telescop Mission ID : String [ Tailored
P shutter, efc. r——
Maks Weasurement() Measurement Record - Thermal Control: survival heater, insulatic st el
Process measurement Data() | Instrument Record i rocess Lalal)
Report Status() - HK Record Thcupal petit o faiiop Provide Siaius()
Exexcute Command() - Electrical’ front-end electronics, back-enc Execute Command(}
power supplies, internal & external interc
- Software: embedded processor software | l l J'
1 L J wblocks ablocks ablocks ablocks
«blocks «blocks ablocks «Subsystem: «Subsystems «Subsystems «Subsystems
5 Sfbslitit:m» «Subsystems «Subsystems «Subsyst Generic Imaging Detector Subsystem Generic Mechanisms Subsystem Generic Electrical Subsystem
Ge: ic Collector Sub: £ Generic Mechanisms Subsystem Generic Structural Subsystem Generic Electrical parts " pant
SRRt oecior autaystem =7 —= e irror - Mirror {1 %] imaging Detector ! Imaging Detector [1.] Mechanisms  Mechanism [0..5u Electronics Box : Electronics Box
e Generic Mechanism : Mechanism Generic Structure : Structure Iain Electronics Box : Elech \i_‘hggrt"?aﬂlg'eecnl;"gr‘_gn?r;'_: EGE:-G" i = o Harness | Harness
i 1 W=
D String s = ot Mechanical Decan - Mechanical Decon [1] :%e_tescttqﬂvue. Slring ’é‘gghr‘:"'”" Doe b
Mass : Resl Mechanism Type : String ID : String Cal Source : Cal Source [0..4] Fade M”"g el i S ﬁﬁ e CBE”P‘('”QH o
Power - Real Mass  Real Structure Type * String I : Siring Splitter * Spiitter [0.1] ‘ " s o Sy Mt Hed s
R Waas Hoal Moane Hoet CBE Power : Real CBE Power : Real CBE Power : Real
aperat PDWEI" Real inef “heal alues “Contingency Mass : Real Contingency Power : Real Contingency Mass : Real
Collect Energy() A -5 “Contingency Power - Real TRL - Integer Contingency Power : Real
Deploy Structure(} " “CBE Mass ' Rea ATRL : Integer = = TRL : Integer
Orient Structure() Process Measurement Datai *Contingency Power : Real “Data Rate Mode 1 : Real Deplay Struch "'I,,' i Data Rate Mode 1 : Real
: Regulate Power() “Contingency Mass | Real “Data Rate Mode 2 : Real D"F “?’Si “ii ureLd Data Rate Mode 2 : Real
Report Status{) - HK Record |  |CBE Power . Real — Bl Stiucturel Dala Rate llode 3 - Real
) AT e = e = — ) 1 el
O S“:;UC’:” Process Command(} TE';LSDID";:%?DE String bdd [Block] Generic Telescope [ Generic Telescope ]J Pebifals Borai i
ablocks «Subsystems  — Al
- “Di:bz:ﬂe;”b . «Subsystems Generic Thermal Control Subsystem operstions Proeoss Masrement Hisln()
neric Uetector subsystem Generic Emitter/Receiver Subsystem S Coliect Optical Energy(} block Regulate Power()
e — D - String wblocks Report Status()
Generic Detector Assembly . Detecior Assembly 2 wSubsystems stem Process Command(}
Emitter/Transmitter Mass : Real " ozl
valisz Recefver Powver : Real ablocks Generic Telescope
Detector Type : Enum - = I e ysie «blocks valies
:?Esi"“"ﬂim Emitter/Receiver Type - enum M aintain Temperature() e sieuk Bl “oftws Generic Structural Subsystem Telescope Type : Enum
g ID : String y i parts o ok
Kt r‘uwer hﬂe;a\ D String Generic Structure : Structure 1.1 mSSbsnyEst:mn
Create Signal() - Weasurement Record s e e l1 % lU..* ‘LU__* - Generic Flight Software Subsystem
2 2 operaiions Subsy & String :
0 Structure Type : Strin «blocks abiocks eblocks Tl
(Generate Energy() SRt rgem g o = . el A ol FSW ID : String
CBEPower  Real = 2
Contingency Mass : Real Mirror Light Baffle Cal Source
Contingency Power : Real
TRL : Integer i 1 0.1
wblocks wblocks ublocks
A i A B " iy
Thermal Decon Mechanical Decon Splitter

29
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bdd [Package] Structure[ LRalph MEL]J oo
abiocks

«Elements
L'Ralph

The Pl called...and wanted a follow on o

Provider : String = GSFC
Instrument Type : String = ColorPan/iR Imager

L — Misgion ID : String = Lucy

Make Measurement() : Measurement Record
Process Data() ! Instrument Record

Provide Status() : HK Record

Execute Command()

=
l1 11 1 l1 11
-
ablocks wblocks ublocks ablocks ablocks
aSubsystems «Subsystems «3Subsystems #Subsystems «Subsystems
L'Ralph Telescope L'Ralph Detectors Subsystem L'Ralph Structural Subsystem L'Ralph Thermal Control Subsystem L'Ralph Electrical Subsystem

Primary Mirror [1] “Generic Datac‘t‘i:r.Assy Instrument Emra‘n‘ce‘ Baffle [1] “planket : Blankst [1; Electronics Bd:k .élec‘trnmcs Box

Scan Mirror [1] = = Instrument Flexures [1] *heater : Heater [0..7] Hamess : Harness
Light Baffle [3] = Instrument O-Box [1] temp Sensor : Temp Sensor [1..7
o Detector Type : String 1 By - i A
]
Cal Source {2] 41D+ Siring = L'Ralph Detectors Assembly Hardware [1] radiator : Radiator [0..%] 0 : String = L'Ralph Electrical

hermal Isolation : Thermal Isolation 1.9
Mhermostat : Thermostat [1..%]

Solar Cal Port [1]

Thermal Decon [1] CBE Mass : Real

CBE Power : Real

“CBE Mass ' Real
“CBE Power - Real

ggggﬁ?ﬂi“}mﬁﬂ[}[“ “Contingency Mass : Real :ID. String = LRalph Structure L[g’: ;E:;m:} Q:sh"{fa[:s‘hers 4] Contingency Mass : Real
Tertlary imor [1] oty Pwe - Heal s e S MBE Survival Heater [2] Contingency Power : Real
Fold Mirror [1] EEC Rnaes nCBE e WMBE Survival Thermostat TRL . Integer
Scan Mirror Mechanism [1] “Data Rate Mode 1 : Real Lot agpohnien) MBE SiC Temp Sensor (2
Fil it C: |é e “Data Rate Mode 2 : Real “Contingency Mase : Real :

e e “Data Rate Mode 2 : Real “Contingency Power . Resl :

Black Body Cal Source [1] Real “TRL - Integer D : String = LREiP‘?‘ 1

“Data Rate Mode 4
H *CBE Mass : Real
* Evolve the general model into the new || . e ccoEpover e E=N

“F Stop - Integer aContingency Power ; Real L'Ralph Main Electronics Box

specific model il e

D : String = L'Ralph TCS LVPS Card [2]

“CEE Mass ; Real ol T axreaiaeL) MCE Card [1]
“Com!ngen:y PD\'.’EI.' Real FPE-IR UF Card [1]
ACumlngen:)t Mass : Real FPE-WIS UF Card [1]
AEEE Power : Real W4 Mem Card [2]
TRL : Integer 1 1 Backplane [1]
° O r' sperstions «blocks «biocks Chassis [1]
e e Collect Optical Energy() E: «Subsystems % Y slyes
e L'Ralph y ul L'Ralph Harness D - String = L'Raiph MEB
! e Scan Mirror Assy [11 CBE Mass R‘ea‘lﬂr g::: s:i :‘:gg:; Ez::
ablocks LEISA Detector Assy i Contingency Mass  Real Data Rate Mode 3 : Real
whzsemblys S ID ; String = L'Ralph Harness Data Rate Mode 4 : Real
MVIC Detector Assy Fanout BoardiSupport - Fanout Board/Support | |y coaniem Tune - String TRL : Integer

» Modify a heritage model to turn it into el e —

Enclosure - LEISA Enclosurs “Contingency Mass : Real Process Measurement Data() : Instrument Record

BRI ey Dac iR Asey i “CBE Power : Real Process Health & Status Data(} - HK Recard
th e n eW m Od el SN Boeee MAK Enciosure o Nowistialon “Contingency Power : Real Regulate Power()
MVIC. Detector Mount | MVIC Detector Mount == +TAL : Intager B Dokt
Coliect IR Image() D : String = L'Ralph Mechanisms

Colect Visible Image()
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Yeah but..'.why not jUSt get someones spreadsheet?

* What is Digital Engineering?
 Combines model-based techniques, digital practices, and computing infrastructure
* Enables delivery of high pay off solutions to the warfighter at the speed of relevance

e Reforms Business Practices
* Digital enterprise connects people, processes, data, and capabilities

* Improves technical, contract, and business practices through an authoritative source

of truth and digital artifacts

Digital Engineering Overwew @
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There is more to that model than a block diagram...

The instrument behaviors are part of the model that

can be inherited and modified...

sblocks
«Elements

Generic Instrument

Instrument type : String
D : String

Provider : String
Mission : String

Make Measurement() : Measurement Record
Process measurement Data(} ; Instrument Record
Report Status() : HK Record

Exexcute Commandi}

|Tailoring for an Imaging Instrument

|- Aperture: telescope w/ optics, baffles, etc
|- Detector: focal plane array detector(s)

|- Emitter/Transmitter: M/A

|- Structure: chassis/box, mechanical interface to 3/C bus |
|- Mechanisms: telescope pointing, telescope lens cover,
‘ shutter, etc

|- Thermal Control: survival heater, insulation, radiator/

‘ thermal path to radiator

- Electrical: front-end electronics, back-end electronics.
‘ power supplies, internal & external interconnects

|- Software: embedded processor software package

stm [Stats Wachine] GSFC instrument Operating Modes [ GSFC Instrument Operating Modes | J

GSFCi- End Mission -

®
o i off
[entry 7 Setto OFf T
—3
—

GSFCi- FOWER OFF
GSFCi- POWER ON

on

Safe-Standby
entry / Initialize Safe Mode
SFCi{POWER OFF

SFCi-[FAULT QETECTED

GSFCi-[TO ENGINEERING
GSFCi-TO SAFE

‘Engineering

| — .

GSFCi- FAULT DETECTED

GSFCi-TO SAFE

GSFCi- TO SCENCE

Science
entry / Initialize Science Mode

GSFCi-TO SCENCE T

["entry { Intiaize ing Mode |

GSFCi- TO ENGINEERING

*  Survival Heaters On/Off

* No impact on instrument behavior, but does provide awareness of heaters

- Off
No operational power to instrument at all
*  Spacecraft may/may not power survival heater
*  Spacecraft sampled telemetry only (No instruments provided)
« Safe / Standby
*  Minimum operational power
* Instrument telemetry available
+  Send/receive commands with CDH system
BSFCI-FAULTDETECTRD - Housekeeping telemetry broadcast, science data disabled
* Science
*  Full operational power
* Instrument telemetry available
+  Send/receive commands with CDH system
* Housekeeping telemetry broadcast
+  Science data disabled
* Engineering
*  Full operational power
¢ Instrument telemetry available
+  Send/receive commands with CDH system
* Housekeeping telemetry broadcast
*  Run all nen-science operations

GSFCi - POWER Of

On/Off

|
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wblocks B 5
aElements | Tailoring for an Imaging Instrument:
Generic Instrument Aperture: telescope w/ optics, baffles. efc GEE;‘;‘;J;N
siue= Detector: focal plane array detector(s) L'Ralph
e Sk Emitter/Transmitter: N/A £
Ltrin s 2 & P
Pmmg,g. String Structure” chassis/box, mechanical interface to S/C bus ID : String = LRalph
Mission : String. Mechanisms: telescope pointing, telescope lens cover Provider : String = GSFC
— shutter etc Instrument Type : String = ColorPan/IR Imager
W o 7 Mission ID : Siring = Lucy
ake Measurement() : Measurement Record |- Thermal Confrol: survival heater, insulation. radiator/
Process measurement Data() ; instrument Record | thermal path to radiator
Report Status(}: HK Record L 2 3 Make Meazurement() - Measurement Record
Exexcute Commandr) Electrical: lrom—erjd electronics, back-end electronics. S i) reaun Fesord
power supplies, internal & external interconnects Provide Status() : HK Record
Software: embedded processor software package | Execute Command()
e - - - [ ¥
stm [State Machine] GSFC Instrument Operating Modss [ GSFC Instrument Operating Modes | J
GSFCi- End Mission
i [Sute Hachne] R Operation Siion GSFC it perain o Crsrunent Operaing iodes ]
@) e e Sy oo ovcontpecrs ode pescription —
|Process wil be to model DRA completely in signals, and then buid to activiies.
o now, assum EPS o at poes,and COH hrows i snas.
[ e : j = v e s e S e
| [ So et vl bt go e dgram, andneractns b o Boot-Up (Off; SMM = Off; Cal Targets = Off;
> | R - s |Decon Htr = Off; Surv Htr = Enabled Average
|
— I inst Power = om; MVIC =0n (not
reading); LEISA = On (not reading); Peak
| GSFCI- POWER ON Standby SMM =Point Home; Cal Targets =
n 1 Off; De Htr = Off; Surv Htr =
GSFCi- AOWER OFF GSFCi - FAULT DETECTED e o | ShpetEotaan Average
GEFCi- POVJER ON s00T GSFCiI- POWER OFF } Science
on o7 Ferform Boot iy i e Scence inst Power = on; MVIC =0 (not beak
e MVIC Obs LEISA Science | reading); LEISA = reading; SMM =
[CERSTOSTN0EY / Rowee | Raph Beiniment ( " eniry / LRalph LEISA Perform Science imaging Imaging reading; Cal Targets = Off; Decon Hir
ST LR I B Scnce ragng T Average
Standoy
GSFCi- POWER OFBSFC S0 [ b SHnRy, S T0 STANDE Inst Power = On; MVIC =0n {not Peak
. LRaph_CUD_IVC Obsery Lesa reading); LEISA = reading; SV =No
[ Safe-Standby asrei-Tosceice Callration _[Drve; Cl Targets =On; Decon Hir =
entry / Initialize Safe Mode |GSFCi - POWER|OFF Off; Surv Htr = Enabled Average
SFCi-POWER OFF s LRalph_CMD_LEISA Obserfe inst Power = On; MVIC =reading. Peak
GSFCI-TO SAFE MVIC Science|color; LEISA = On (not reading); SMM
— T imaging |~ Scanning; Cal Targets = Off; Decon
GSFCi- TO SCENCE I [t = Off; Surv Htr = Enabled Average
GsFGi-To e | ext/ LRaloh LEISA Enter Calbraton
SFCi-[FAULT QETECTED | nst Power = On; MVIC = reading besk
MVIC Color  [color; LEISA = On (not reading); SMM.
Calibration lo Drive; Cal Targets = On; Decon
Engineering = Off; Surv Htr =Enabled Average
Science
entry / Iniialize Science Mode - J—— LEISA Caliraton inst Power = On; MVIC = reading Peak
GESFCi-[TO ENGINEERING L LD ot i e Bl ot MVICPan |color; LEISA = On (not reading); SMM
GEFCI-TO SAFE . - Calibration 0 Drive; Cal Targets = On; Decon
ff; Surv Htr = Enabled Average
Lapn_CHD_IvE o Cabrason
WVIC Color Catbration
E . B
i Engineering i GSFCI-TO SCENCE S
entry / Inttislize Engineering Mode
GSFCi- TO ENGINEERING LRalph_CHD_MVIC Pan Calibration
h MVIC Pan Calibration
ey T U Pn Entr Calbatn |-
kT LR i o Bk Caorsion
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ablocks
«Elements
L'Ralph

in Abort Cmd : Abort Cmd

I
‘act [Activity] Perform LEISA Obs| Perform LEISA Ops ) |

ID : String = LRalph

Provider : String = GSFC

Instrument Type-: String = ColorPan/IR Imager
Mission ID : String = Lucy

z [ FPEIR Scan ‘
? | Set
Make Measurement() : Measurement Record ,L
Process Data() : Instrument Record N 090900 | | fomAStrtDamCfcton [ T~ T T T T b |
Provide Status() : Record |
Execute Command(} | L :
¥ v T 7 - |
COH Set MCE Run Scan Discrete
High After Programed Delay s %Jt/e 77777777777 o
from AStart Data Collection [ .

General rule. We wil use interactions to model riggering behaviors. Once a specific
implementation is established, we can move to activities.

Process wil be to model DRA completely in signals, and then buid to activiss,

FPEIRReread |
For now, assume EPS throws all power, and CDH throws all signals. Row Pixels |

Later we can switch to bus sending these as appropriate. !

ey, | FE—
FPE Send Row
Pixels to CDH ina ‘
Reread pixels. Pkt

ol
1o COH ina Pkt

So, instrument level behaviors ga into this diagram, and interactions belong to
|instrument, between EPS/CE &MMER i

Iicos scan) Raw Sean) )
. = | )
¥ SubractPriorReset fore Rea
rom Current Readoutto Get | | and Resat a
e o _
. —
FPEIR Reread |
ST Row Pixels |
4 ARows Reac?
Science P e N - ;
entry | LRalph Enter Science
| MVIC Obs FPE IR Send

Reread Pixels

[No]
to CDH in a Pkt

entry / LRalph LEISA Perform Science imaging
extt/ LRalph MVIC Ext Science maging

LRalph_CHD_WVIC Observ

LRalph_CMD_LEISA Obserye

LEISA Obs
eniry / LRalph LEISA Perform Science imaging
axit{ LRalph LEISA Enter Calbration

Start Setpoint Ramp from Start
Pasition to Stop Position st (
‘Commanded Rate

Compiete
T
I

_ y
NICE Adjust Actuator Current per
Mirror Position
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You can even inherit a simulation of
the entire instrument.

[ stm [state Machine] MEB [ 55 MEB ] |

stm [State Machine] GSFC_Lib DatactUrAssembry[%ﬂ GSFC_Lib Detector Assembly 1)
Ralph_Power Off o

Ralph_Power Off

@

= Ralph_Power On
=3 . | stm [State Machine] MVIC-GSFC_Lib Detector Assembly g/ WVIC-GSFC_Lib Detector Assembly | J stm [State Maching] Scan r.!irrnrr.‘achanism[%" Soan Mirror Mechanism I_J
= - Y
- s [
.— 8 | oo
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L'Ralph Block Diagram

SPWA I ( 5 Temp Sensor
(<400 L fpTemp Sensor
s sy L ey ' FPE-IR (A) l
RS-422 A {12+ 5 chns* 2) [ |
(CMD/TIM 1 VDS SIDECAR !
+1pps), B — [2+5 chns® 2) ASIC 1
I LvDS
5 (not (3chns) | Motor |
1 complete | 2 otor I DriveA
builds - see 12 MCE-A  |omen” _D%%_‘
notes) I z | |
L 201
e | posiion | Position
SensorA
I 3.3v,5v, I Position
I 15V, 28V FPE-VIS (A) ¢ Sensor B I

28V Hr A
Cal Sres_A(8+2)

Decntm |
1

SpwB I ( \5 Temp Sensor ( ™\

0.42 2 1 2 wva | | LVPSA i ] H— I
Gnreg | 4 x Decontam Htr’s B AsIC J_ I

|

|

1

1

l

9 Bias Inputs
5 Glock Input
(<400. H F—PrTe B
0.51 ) 1 1 Mbps, sci)l CDH-8 B 5\755 REERIE)
5 RS-422 B {12+ 5 chns* 2)
(cMD/TlMI LVDS SIDECAR
+1PPS), e {12+ 5 chns* 2) Aslc
I LVDS ;/ I
I (3 chns)| 1 |
Motor 1
0.96 1 1 2 HE MCE-B  }orves™ . 9 Video Outputs 1
i I |~ 9videoOutputs I > I
I l;l_ » 20 Clock Inems
a Position I
I m SensorB I
I FPE-VIS (B) I |
5V, $15V 2
2 Optical Enclosure
L] SIDECAR £ I

0.52 1 1 3 28VBI 5V, 415V L T\ ——-—

“"’egl 4x Decontam Htr's B 2 2 2 Z Passively

e calsics B (8+2) | Cooled to 200K
n
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Mbps, Sci) 4
RS.422 A

Today is

28V Htr B
Decntm

3.3V,5V,215V

O -

godd".

L'Ralph Block Diagram

FPE-IR (A)

SIDECAR I
ASIC

N

FPE-IR (B)

SIDECAR
AsIC
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* “Functional Flow” BD does not reflect actual physical
architecture

 Redundant cards for LVPS and CDH

 Redundant sides for Focal Plane Electronics

* Now, the purpose if this diagram is more about inter-
relation and commodity flow between elements
within the Main Electronics Box and the Telescope
Assembly

Position

» What if we could change our processes to be more
clear about our structure, as we articulate our
functional flow... (change our processes)

* This would help us evaluate legacy designs to
Coaledto 200K deliberately choose or discard architecture choices
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bdd [Block] LRalph Main Electronics Box[ LRalph Main Electronics Box: ])

wAssembly:

>
«System Viewpoints H Card |—|‘mm»
LRalph Main Electronics Box

Neeo_ e | _J)
{union, subsets SUbMEL) ent}| S card

LVPS Card «blocks

i) |
(union, subsats SUbMELElement} ler s card

5 (not

ablocks

complete «Subassemblys
builds - see Backplane |1 — FPE-VIS Card

notes) Thermal lsolation Washers |4 Chassis 1 T
«blocks e 4 Side
«Subassemblys ablocks «block: Side B Side B [1]
i «Subassemblys Subassembly
Thermal Isolation Washers Chassi

. %¢\

f
{subsets Sublfff LElement} FPE-IR Card
e
| 2 Side A Side A [1]
Side 8 Side 8 [1]
«

MCE Card
1 MCE Card
{subsets SubMELElement} part:

1 1 Side A - Side A
Side B: Side B
144 Memory Card
2
{subssts SubMELElement}
1 2

» The actual “Structure” of the electrical box is not shown in a diagram
(that | could see)

! * |+ This structural architecture (taken from the MEL) shows redundant
cards for LVPS and CDH, and redundant sides for Focal Plane
Electronics
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L'Ralph Block Di

S S S RN M AR S S WEe e s e ey

e -

So, the architecture

[SC Temperstors Sensors A
ibd [Block] LRalph Hain Electronics Box[ LRalph lfain Electronics Box View 2 ] |

|5 Temp Sensor

o, 5 ) FPE-IR (A) is more clear ©
A A ] {1245 chas™ 2} [e===Tn enperdure Senor
(CMID/TLM 1 s SIDECAR . scoua v | |
+ 1PPS), — {12 +5 chns* 2) ASIC R S Wi T .
S’ s s v

VDS

A oot

(3 chns) COH Pows

L Vs pata: FPEIR Card:FPERCard [1] |
T Side A: Side A [1]
! eofling b e

ICE Data : LVDS

Mator

—
MCE-A  |oiver™

CAR ASIC : SIDECAR ASIC [1]

R Power [lIPA Powe

33V,5V,£157

ata : LVD: Side B: Side B [1]

\ J SensorA

1
1
1
I Position
MSensorA
I
1
|

[ ]
L]
i
+
- SIDECAR ASIC  SDECAR ASIC 1
3.3V, 5v, i
=15V, 28 FPE-VIS (A) l S
N [ LUPSACLVPSCard T | s pover o fower
s, s5v 1 conpover onsover | #
LVPS-A v s15u SIDECAR SCPower 28V Unreg PT
4 DecontamHtr's 8 ASIC l ossoameer 20 e [ﬁwﬂw oA rdwer
Cal Stes A f8+2) l 3w Lr‘
— e | Catsource: Cal shurce
I 9 Bi = )
——;‘—l {} FPEVIS Card ; FPEVIS Card [1]
SpWB l (_\ . s ( N 9 g ¢ MCE Power : Rail Power k-
emp Sensor v S— E—
. | LVDS 1 Vi Lvo3 | [SOECAR ASEC  SOECAR ASE [ |
RS428 | [12+5 chns=® 2) et AL
(C'\:gg‘i'“l Lvos SIDECAR 1 sen
+ I - [12+5chns* 2)
\. J ASIC o) |
hcE card T o —
1 wos - ) e ee—
— I . ‘,:‘SE‘A o | useowe earos |
1 \ motor | e e sensr = 2 [EE
=] ——
| IRE MCEB |5 o 3 videot -
;: I | svideo
I H Position I A 20 Clock
- Jeposition
I Sensor B
I FPE-VIS (B) | ot s
CDH Powrer : COH Pow VPS8 vascaﬁ‘lﬂ
5V, +15V
ave 1 — v, +15v SIDECAR — s pouer 28yt pover Lmrouer oo
unregl 4 xDecontam Htr's_B e E— 28 power I Iv\s Power: FoA Power cPovers
28V Hir B T pecortamesers: Dconam eters
Decntm Lalses B84 2) | jpeesomens: oeconam et

n L cosours: coisoures
l——————————————ﬁ L3

- |
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The tool lets you show it differently, and L’Ralph Block Di

consistent with Architecture! © wad | (o e s 05 Y

i PR A FPE-IR (A)
Mbps, 5ci) 4 byt
ps. i), LVDS
_______________ LRalph Legend R5:422 A {12+ 5 chns ® 2) SIDE R
[ pata [CMD/TLM LVDS CAl
[SCDa A Space Wis | S0 Dot Spece Wi T o Cara ] Power +1PPS), — [12+5 chns* 2) AsIC
SCTLN: RS-422 T P To Py vy P\ [Ta— [] Temperature Sensor — .

SCTLMA RS427| }j IR Data : LVDS - FPER Card.Side A : Side A [1] s

Al e 3 chins|

o poar: oo | [SECAR ASIC: SEECAR ASC 1] | ( 81

» IRPower: FPA Power - - —_
I Vet tves [l R
MCE-A |

NCE Data: LVDS
JCDH Data : LVDS
—

MCE Card Side A : Side A ‘

3.3V,5V, 215V

FPE-VIS Card.Side A: Side A[1] | Position
7 : VIS Data VDS 7 s | SensorA
| ] T —
Power : Rail Power SIDECAR ASIC : SIDECAR ASIC 1] | ( \
e 3.3v, 5V,
UCE Powier : Ral Power f s 5V,
T R Power: FPA Povier b FREVIS (A) X
LVPS-A: LVPS Card [1] [ ] 5V, +15V
s —_—
Conpower: conpowsr | | v power: o power LVPS-A SIDECAR
[ 5V,
[SCPower A 26V Unreg Povier | i il ] . AS|
———— G Fovier A28V Unreg Power |- Dechan Hostera Decort Heatare ‘fiDetnmmHin:::: 4 x Decontam Hir's B IC

Cal Source : Cal Source.

Decontam Pawer : 28V Power

e A
urce

Cal Srcs_A (8 .+ 2)

N—

SC Data : Space Wire [ CDH-B : CDH Card [1]

- =)
S

1
I
I
I
I
I
I
I
I
1 VIS Power : FPA Power |
I
I
I
1
I
I
1
1
1
1

L R i P oo | 5 Temp Sensor 1
seE rhrom . paaul s CDH-B  |[~Frrss FPE-IR (B)
N e 5, 5ci -
B VDS | [swecar asic : soecarasic i | i VDS
| [ B Power 7P Power Ly | | RS-422 B {12+ 5 chns * 2) l .l
COH Pover: cOH Power L b ECME’J’“MI wos SIDECAR
L S N +1PPS), 124 5 chns * 2|
T 8 T T \ J1 T ASIC }
[ SIOECAR ASKC: SPECARASIC | VDS I
|cot Data : Lvps - — I (3 chns))
MCE Card.Side B: Side 8 | 4 N motor |
- 3 - = MCE-B Drives * 9 Videot
ower  Ral Pover
R Rail Pt E I | e
hi |, ovidea
| 12 20 Clock
" >
LV;\CE Power : Rail Power : Position I r’
LVRS.B: LVBS Cara [1] [ R Power : FPA Povier I \_/'Sensmﬁ
CDH Powver ; CDH Power
VIS Power : FPA Powier 2.3V, 5V, |
sce 26V Unreg P e Mg A
| i FPE-VIS ()
T, i am Heaers
oscoam o250 s —— i | o, 415v |
!
I | N LVPS-B wow SIDECAR
A G A G A A G AU A G A G G LD A e AN A AR G A NS G G S A - B I & x Decontam Hir's_B ASIC
28V Hir B
Decntm Calsrcs B (B+2) I
| - Elactrgnies Box Englosurg; Blogk Redundany
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{5C Temperatu [seTempers oA |
ibd [Block] LRalph Hain Ekectronics Box[ LRalh 1ain Electroncs Box View 11 o {Bloc] Rah a Elecroncs 5ex( LRaln i Echoncs Box View 21 ] =S Tessn |
e - - N T A T e L ey Ralph Legend
! [oeia
[SeDa A Space SCDetn : Space Wire e —————————— Cova CO Card 1]
I z 1 st SPASS IS oo Gara | Eower SC0ata: Space vire ;
- 2 T , e — Temperature Sensor A
1 SRR ] RData - LVDS FPE-IR Card.Side A Side A (1] I Bl S oo Wi
1 | soTusRsz, Routa: VDS
— [ SIDECAR ASIC : SIDECAR ASIC [1] | [SCTIA TS T -
1 [ RPower: FPA Power 1 - — 1N O Power COH Power L v owa:vos FPER Cord :FPERCord (1] |
i m T VIS Bata: LvDS \ Side A+ Side A 1]
lCE Data : LVDS L S
lice Daa: LVDS
I | s ower- A ponel, || SDECAR ASIC  SDECAR ASIC (1]
lcoH Data : LVDS
1 s | R 7‘
1 e iss A sk [ Feeviscardsde ArsieAr || — |
i L — IS Dats - LVDS ) Roua: Lvos ide B Sde 511 |
7 R
Power: Rai Povier [ SIDECAR ASIC : SIDECAR ASIC [1]
| T —— 7\ | R ower:FoA ouef || IOECARASIC: SDECAR ASE (1] |
UCE Power: Rai Pover 1
1 | |
VS A: LVPS Card 1
| LVPS-A:LVPS Card [1] | conpowersconrouer 0 L pover e fover
| o i Font gy | SR I— scpower: 28y g pove T
¢ AgPower] I A Decorian: 28V Povier Deconan pover 28V Pover L pover 7o pdwe
. S Povier A28V Unveg Fawiar [eceriamHesters A Decorfm Hesters | i ] [
AV Power | 1 r CalSource : Cal Source I Decontan Heaters [ i [Deconian fiesiers A |
Decontam Powier: 28V Power - Ll i [CalSource & | -econtam teaters
| ¥ L caisours: corsrce .
1 [ ! oIS Card FREVIS Card 1
i | lice Fower R Pover
SCData : Space Wire [ CDH- ] Side A Side A 1]
1 i ] St B <COi Card [1] _ o | Vis power pm.-,m,‘,
Ehial 1 RS B (VDS TS R CAHLSHIE B Side B 11 | vi0st 103 | [ SOECAR ASIC  SDECAR ASIC 11 |
I I |
I g 5 el LU0 l SIDECAR ASIC : SIDECAR ASIC 1] | 1 -
R power: FpAPower by | Duss
1 = | e T e MCECJ;t o o TR
I i) P v
1 —~ T ! " scmursz v £oa povkr, [ | SOECARASC - SOECARASE
I 1 _ ViS Data: LvDs [ FPEVIS Card Side B Side B4 | 15 ows  semucmsaz i | r— [
1 e VIS ower : FPa Power ] ! Teno Sensors o e =
1 [] [ SIDECARASIC: SIDECAR ASIC | ‘ | ensors ] | SdeBisden
COH Data: LvDS — - }
1 -~ - il | ot Power: CO ower Eons L5 Powers b Pover
1 I
1 1
1 I
| 1ICE Power : Rail P |
o CE Power: Ra Power
L 1 z A I ]
1 COH Power : CDH Powrer il | T |
) Power: 28V Unreg Power RPower: FP Power
scroviers zev Umeg rower]| | SCEowsr A 128y Unish bowsr ! i Ty S g T
S —— TR et pEEmET amPovier 281 Pover VS Power P Power owers
- Decontam Power - 28V P
[FiFB Decartan 28V Powier ! iblobintil it = J
i 70V Power i [CalSource 5| Loeconen veaies. pccontam estrs [Decen e ®
: These two dlagrams are two views of the ——

N same thing, so they are consistent.
Change one, change both! ©
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And with the click of a button, the interface table is generated...consistent with both diagrams! ©

Part A

| Port A

| Ttem Flow | Ports

Port B Features PartB

w0 | s

|=! LRalph Main Electronics Box
=] LRalph Main Electronics Box

A COH-A ¢ COH Card [1]

[ COH-A : COH Card [1]

[F COH-A : COH Card [1]

[F COH-E : CDH Card [1]

|CH CDHB ; COH Card [1]

[# COH-B : COH Card (1]
[=] LRalph Main Electronics Box

&l LRalph Main Electronics Box

=] LRalph Main Electronics Box
=] LRalph Main Electronics Box
[ LVPS-A ; LVPS Card [1]

|CE LvPS-A : LVPS Card [1]
[ LVPS-A : LVPS Card [1]

[E LVPS-B : LVPS Card [1]
[F LVP5-B : LVPS Card [1]

|CFI LVPS8 : LVPS Card [1]
[# Side A : Side A

[l 5ide B : Side B
[=] LRalph Main Electronics Box

|E] Lralph Main Electronics Box
=] LRalph Main Electronics Box

= Lralph Main Electronics Box

Q LRalph Main Electronics Box

& LRalph Main Electronics Box
=] LRalph Main Electronics Box
=] LRalph Main Electronics Box

10 cal Source A ; Cal Source
T cal Source B : Cal Source
T R Data : LvDS

T MCE Data : LvDS

|10 vis pata : LvDs
T IR Data : LvDS
T MCE Data : LVDS

10 cal Source : Cal Source
T cal Source : Cal Source
T IR Data : LVDS

LVDS Data
= LVD5 Data

B COH Data : LVDS

177 vis Data : LvDs
T IRData : LVDS
[ CDH Data : LVDS

|10 vis Data : LvDs [ oy

| WIS Data : LVDS

]:I Decontam Heaters A : Decontam Heaters
]:I Decontam Heaters B : Decontam Heaters
T Hir A Decontam : 28V Power

|13 Hir B Decontam : 28V Pawer

]:I COH Power : COH Power

]:I IR Power : FPA Power

]:I VIS Power : FPA Power

]:I CDH Power : CDH Power

]:I IR Power : FPA Power

]:I VIS Power : FPA Power

]:I Power : Rail Power

|3 Power : Rail Power

|10 s Data A : Space Wire

|10 5C Data B : Space Wire

]:I SC Power A : 28Y Unreg Power

]:I SC Power B : 28V Unreg Power

]:I SC Temperature Sensors A : Box Temp Sensors
]:I 5C Temperature Sensors B

O scmma:rs42z

O scTime : Rs-422

T 1R Power : FPA PO
]j VIS Power : FPA Power
]:I MCE Power : Rail Power
T2 MCE Power : Rail Power
T 5C Data : Space Wire
]j 5C Data : Space Wire

[ » ] 23V Power ]:I SC Power : 28Y Unreg Power

[ ]:I SC Power : 28V Unreg Power
TerT
TRt

T scTM : R5-422

T 5CTIM : R5-422

]:I Cgpntam Heaters : Decontam Heaters

[Fl LVPS-A : LVPS Card [1]
[#] LVPS-B : LVPS Card [1]
|7 Side A : Side A [1]

[F Side A ; Side &

|7 side A : Side A [1]

[ Side B : Side B [1]

|7l Side B : Side B

Side B ; Side B [1]

|CH LVPS-A : LVPS Card [1]
[F LVPS-B : LVPS Card [1]
|CH LVPS-A : LVPS Card [1]
[ LVPSB : LVPS Card [1]
|7 CDH-A : COH Card [1]
[ Side A : Side A [1]

|CEl 5ide A : Side A [1]

Show details for items conveyed,
and characteristics of interfaces

themselves.

©

T Lo Lo eard L]
|CH coHB ; COH Card [1]
CDH-A : COH Card [1]
|CFl COH-B : CDH Card [1]
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Engineering Perspective

“Subsystem” view

Grass roots costing

Technical Performance Measures e = =
Reality can be so complex that equally valid observations

Typically grouped by Engineerin g > : .
e IS Y e J from differing perspectives can appear to be contradictory.

Discipline [ETD Organization]

If only they

would use
my WBS!

N

bryanridgley.com
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bdd [Block] LRalph Imaging Instrument Product View [ Lralph Imaging Instrument Product View ]J

ablocks
«Product View pointa
LRalph Imaging Instrument Product View

Assembly Hardware : Assembly Hardware [1]
Scan Mirror Assembly | LRalph Scan Mirror Assembly [1]
Harnessing * LRalph Electrical Harness [1]

main Electronics Box

ublocks
sProduct View points
Main Electronics Box

CDH Card : COH Card [2)

bad [Black] LRaiph Imaging instrument System View [ LRaioh imaging strument1 ]

ablock
aElements

LRalph Imaging Instrument System View

IASubMEL Efement - MEL Element [0..

wblocks
«Subsysiems
LRalph Telescope Subsystem

Primary Ifirror Assembly : LRaiph Hfirror Assembly [
Secondary Hirror Assembly - LRaiph Iirror Assembly
| Tertary Hirror Assembly - LRaioh Airror Assembly [1]
Solr Calbrator Peof Hiror Assemtly L irror nsscmity 1}

o iee e e {a secoosy Eshbraimn Assembly [
Flamert Calbtalon Source Assarin LA Flaman Colbrston Soucs Assemiy 1

risr Assembly (1] b

Scan Mirror Assembly : LRalph Scan Mirror Assembly

Telescope Subsystem

Thermal Control Subsystem

SC Temp Sensor : MEB Temperature
Chassis - Chassis [1]

Thermal Assembly

wblocks
«Product Viewpoints
Thermal Assembly

2nd-stage radiator for 105K : Radiator [1]

Paint - Paint (1]

2nd-stage radiator thermal isolators - Thermal lsolators [2]
IR detector thermal strap [1]

MLI; Mylar insofation [1]

T0A],

«blockn
«Product View pointe
TDA

Primary Mirror Assembly - LRalph Mirror Assembly [1]

Secondary Mirror Assembly : LRalph Mirror Assembly [1]

Tertiary Mirror Assembly - LRalph Mirror Assembly [1]

' Solar Calibrator Pick-off mirror : LRalph Mirror Assembly [1]

Filament Calibration Source Assembly . Calibration Source Assembly [1
Blackbody Calibr 2 Assembly

ISA IR Detector Assembly : LEISA IR Detector Assembly |
VIS Detector Assembly : MVIC VIS Detector Assembly [

Instrument Flexures : Flexurs
Instrument Structure : O-Box [S(I’UC‘UFE

block:

«Sul
LRalph Thermal Contral Subsystem

Sl Hesters Collcon - Survialester Collecton 11X

vt

d

Detector Subsystem

1

s Thermal Srspl1)
Fasteners [Vekro-hutons] Fasteners

200 Stage. e
ermant Cotoston

\ e

LEISA IR Detector Assembly : LEISA IR Detector Assembly [1]
IAVIC VIS Detector Assembly : NVIC VIS Detector Assembly [1]

Structural Subsystem 1

Flight Software Subsystem |1

LRalph Electrical Subsystem 1
wblocks
«Subsystem»

LRalph Electrical Subsystem

Cestrial Hamess  Lial Skcirica famess 2
WEB ! (Raiph Hain Electronics Box [1

wblocks
«Subsystem
LRalph Structural Subsystem

blocks
«Subsystems

LRalph Flight Software Subsystem

Enirance Baifie - nsirument Enirance SsTre [1]
Fletures - Flexures [1 ]
DB Srucarer ook Svcure
|Assembly Hardware - Assembly Hardware [0. %
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e Within the model

— Link model
elements defined
in the system
viewpoint to those
in the product
viewpoint

— Two views of the
same system in
two structures

— Data is consistent
between them

| 2nd-stage radiator for 105K : Radiator [1]

&Ralenh imaging Instrument System View : LRalph Imaging Instrument System View |

'I:iﬂ:rm;} Control Subsystem :

| 2nd-stage radiator thermal isolators : Thermal Isolators [3] H

i'znd Stage Radiator : Radiator [1] |

!'.an Stage Radiator Thermal Isolators : Thermal Isolators [3] 1

:[.Fasteners [Velcro-buttons] : Fasteners [Velcro-buttons] [1]“i

[IR detector thermal strap : Thermal Strap [1] |

i’i&ﬂ : Mylar Insolation [1] |

[Paint : Paint [1] |

Decontamination Heater Collection : Decontamination Heater Collection [1] |

i
’_Decontamination Heater : Decontamination Heater [8] |

Temperature Sensors Collection : Temperature Sensors Collection [1] |

) ) ) weguals
Mlsc I-=_asi-éné-r's [-\'l'el.é.ro.-autibné-] [1] | Sm— aeguals
e = = = = = weguals
IR detector thermal strap : Thermal Strap [1] — |
I-ML[: M;,rlar_lnsolat-i-on-i-‘l] ‘_| I wequals
:"Palnt: Paint E1]- _| | —
" Decontamination Heaters : Decontamination -I-Iea-ter"EB]_
- i a - s N N weguals
|
:-:rerripé!:atufe ;enéoré: Plf—tT i-ieatér EH] i wequals

[ PRT Sensors : PRT Heater [14] |




[ﬁ_l Variables

A
(=

" o variables X

| €

EHZI Iralph Imaging Instrument Product View : LRalph Imaging Instrument Product ...

A Main Electronics Box : Main Electronics Box [1]
G-[CPl TDA : TDA [1]

(-7l Thermal Assembly : Thermal Assembly [1]
[E1-[Bl Assembly Hardware : Assembly Hardware [1]
-l Harnessing : LRa\ph Electrical Harness [l]
=L Sca

LRalph Imaging Instrument Product View @29c333be
Main Electronics Box@4b6caabd

TDA@12f56cf

Thermal Assembly 23856082

Assembly Hardware @ 12037444

LRalph Electrical Harmess @33bd47de

--[V] Mass [CBE] : Real

I Scan Mirror Assembly @1529a10e
4.0000

--[¥] Mass Allocated : Real
- [¥] Masg Contingency : Real

= mass margin [CBE] : Real
~[¥] mass margin [MEV] : Real
[-[F Actuators : Actuators [2] [sub

-7l Mirror : Mirror [1] { ;
-7l Mounting Hardware : Structure and Padiaglng [} {s
e ment}

H-[P] Sensors : Sensars [Z] {s
[-[F SubMELElement : MEL Element [0..%]

El-[#l Ralph Imaging Instrument System View :
-.[] Mass [CBE] : Real

[ Mass [MEV] : Real

lzss Allocated : Real

lmss Contingency @ Resl

mass margin [CBE] : Real

-] mass margin [MEV] : Real

7-[P] Detector Subsystem : LRalph Detector Subsystem [1] {subsets Su

7-[ Pl Flight Software Subsystem : LRalph Flight Software Subsystem [1]

[Pl LRalph Electrical Subsystem : LRalph Electrical Subsystem [1]

=[Pl Mechanisms Subsystem : LRalph Mechanisms Subsystem [1] {s
i Mass [CEE] : Real

Mass [MEV] : Real

-[¥] Mass Allocated : Real

Mass Contingency @ Real

ey R -

mass margin [CEE] : Real
mass margin [MEV] : Real

... Structure and Packaging

LRalph Imaging Instrument System ...

. LRalph De:
. LRalph Fiig|

0.0000

-4.0000
0.0000
[Actuators@39ce8c
Mirror @389f4bad

[Mirror @333f4bad, Structure a
LRalph Imaging Instrument Syste
5.0000
0.0000
0.0000

e @459fh 72

‘ackaging @60790cc, Sensors@6e44bda, Sensors@s...

-5.0000
0.0000

Scan Mirror Assembly:
Linked in both “System”
and “Product” view

LRalph Ele
LRalph Me:
4.0000
0.0000

0.0000

Mirror Assembly @15293 102

Mass Alocated @ Real
Mass Contingency : Real
-[¥] mass margin [CBE] : Real
[ mass margin [MEV] : Real

E [# Mirror : Mirror [1] {subsets SubMELElement]
L. [¥] Mass [CEE] : Real
Mass [MEV] : Real
Mass Allocated : Real
Mass Contingency & Real

0.0000

-4.0000
0.0000

@ M Actustors : Actuators [2] {subsets SubMELElement} [Actuators@39ce8c3f, Actuators@2b3308ee]

Mirrar @389f4bad
4.0000
0.0000
0.0000

Model Based Systems Engineering

Model Based Systems Engineering Strategy

Both the “System View” and the “Product View”
are available & changing a value in one, changes
it in the other

The SE is able to track work with the
“Engineering Team” and the “Project Team” with
the same data

Grass Roots Cost Estimates will have the same
values for sub-assemblies in both views

“Sub-systems” and “Products” can roll up to
different costs/technical budgets and be
consistent with one another

Export to Excel to “publish” into MEL 46



Recap

R

Digital Engineering: An evolving term — and an inevitable future
MBSE — a stepping stone, and the “Integration” role in DE/MBE
We have to work differently to evolve

Design Reference Architectures
* A “jump start” for the SE (Use the model, don’t necessarily build it)
* Built upon heritage — transfer the knowledge, not the “charts”
* Access the entire heritage, not just the structure

System Models
* Link structure-behavior rules
* View the same data multiple ways
* Transform SE process and business processes

Based dystems Engineering

Model Based Systems Engineering Strategy
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Questions?
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