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MBSE at NASA and the EDS MBSE Template ™%

« Making systems engineering easier for the workforce

 NASA MBSE Infusion And Modernization Initiative
(MIAMI) 2016-2020 and the on-going MBSE
Community of Practice

« Engineering Design Studio, NASA Langley Research
Center (LaRC)

» Tech development plan for collaboration and system
modeling

« AR/NR, Office 365 environment, SysML MBSE
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Motivation for an EDS MBSE Template =%

EDS Concept Development| -2 EDS Concept Developmenlu

»  Short-term nature of EDS studies calls for a structured environment, TW o
repeatable processes, and common products P Tl

* Incorporate modeling ideas and examples from studies into a re-usable %‘n"‘_
template St

« Follow the general structure of a flight project organization, with space-based %mmm
example diagrams and tables linked from each starter artifact s || e

| (s

- Assistance and consistency for navigation and tracking of the study e

(separate easily removable EDS package) and then the flight project | e,

« Support a consistent EDS process and successful systems engineering
throughout a project’s life MBSE

« Post-study usability in the transition to project systems engineers :;if:,',::i"g
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Smallsat MBSE Template

. Needs

— asimple, accessible MBSE template and available libraries for rapid prototyping and transitioning models
into flight project development.

— rigorous, trackable System Engineering support for growing number of CubeSat projects

. Goals
— validate MBSE use in EDS and projects

— provide direction for MBSE resources
— enhance capability to rapidly reconfigure in additional variables

— plug into emerging standardized smallsat model

* Cubesat System Reference Model (CSRM), from INCOSE Space Systems Working Group

— ease use of a smallsat modeling plug-in out of a NASA SBIR (Orbital Transport’s METIS) s
— make the template ready for smoother regular use by smallsat community ;ﬂ:::mg
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LaRC Small Satellite Template Overview

Content Diagram Data| :=| Model Overview U =
O

Needs Goals Objectives

Needs, Goals, and Objectives

«RequirementTable»
NGO Table

’.—V

[ ]

L)

Allocation - NGOs to
Requirements

Requirements and Constraints

EDS Concept Development

by chronological process steps

Use Concept Development to navigate [l‘

Concept of Operations
(activity diagrams)

High Level Concept of Operations

EXAMPLE: LEOP

EXAMPLE: Nominal Operations

L1 and Measurements Requirements Hierarchy Diagram

«RequirementTable»

Level 1 Requirements Table

Satisfy - Blocks to Requirements

Allocation - Requirements to Functions

s sckages & | _|contains items noted as
Open Modeling Items Problem and need to be
resolved.

j

Architecture Cost
(block diagrams) Use these element
stereotypes to assign costs
CONTEXT DECOMPOSITION that will roll up to system
System Domain element
Environment Description e System Element Definition
«architectureDescription» Logical Space System Schedule
Stakeholders EXAMPLE
IMPLEMENTATION OPTIONS Development Flow
Tie whatever is in Schedule to'
Level 1 Physical Architecture  Ground System Concept physical architecture
elements, so it can pull any
Interfaces available information from
(interface block diagrams) subsystem input on parts.
II :_!] Risk
«architectureDescription» «architectureDescription»
Mission Interfaces - Spacecraft Interfaces
Operations Phase -
Risk Table
System Environment Ground Element
<
ﬁ N
Terminology «comment»
Interfaces:
Mission Level
Acronyms Glossary System /
Subsystem
Design Level

|Diagram name “Model Overview I

[Modification date | 7/22/18 3:13 PM |
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Content diagram for
navigation while adding
content

review and navigate the
system by the major areas of
concept development to
ensure appropriate work is
completed in each

update if diagrams/tables are

added or deleted
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ntegrated with the CSRM structure

[‘_:}_ E CubeSat Syste m Refe rence Mod e I bdd [Package] Structures pkg[ Space Segment Strudureu

&1 0 - CSRM Overview and Navigation - xsc pkg e
&1 1 - Stakeholder pkg e sa¢
&1 2 - Technical Measures pkg

51 6 - Data Models - xec pkg

&1 7 - Validation Verification pkg
&1 8 - CSRM Elements and Population pkg T T T T TS S s oomom———o——— o
&1 9 - CubeSat Reference Information - xsc pkg

Spacecraft Bus

&1 3 - Behaviors - xsc pkg
=0 . ege . [ —_ b - e e e ] - - - - = 4 L — |— —
5 Activities - Population - xsc — ( i . po
=5 . . L4 «blocks
Behaviors - Population - xsc Bissionipayload ! Communication Subsys 4 — et
EIL‘ . p . . Documentation = "Total | Do Gion = "Provid«ye Amtud:ol")::glrlgl‘l]r:,astlgn and Powe_r sul?sys
%‘ Behaviors - Use Cases - Activities - Population - xsc complement of instruments | ik oliSubsys Documentation = "Generate,
= i I: > 3 3
N . carried by the spacecraft to | B pacccraft Documentation = DetermlneAthe r_egglate store, and
5 Use Cases - Population - xsc perform the mission " o gt spacecraft rotational motion (i.e., distribute power to the
) | B iU IONa Sysiem or attitude/orientation). Maintain or spacecraft.”
@ Hyperlinks I e ecralt re-orient the spacecraft."
. I
'—5 1 4 - Requirements pkg tn ond
I t
. «blocks
block plock
5:‘ 5 - Architecture pkg : Command asndbData Handling e ance, ;lao\'l:i;ation, - Then:la?cs:lbsys
Facilities Ao "s B Control Subsys Documentation = "Regulate
E:] . | |Documentation = "Receive, store, othnetion = "Delermine ne B = (emperatures o
E:] LO Domain pkg | |process, and distribute the spacecraft translational motion (i.e. ensure operability."
- . | |uplinked commands from the position and velocity). Maintain or i
E L1_Enterprise p kg | ERcaisbsystem. change the spacecraft orbit and
E] 12 S t ok | [Colect, store, process, and rajectory.”
egment pkg downlink the mission data and )
- I |spacecraft telemetry through the
D L3 Subsyste ms p kg I |Communication subsystem" sm o
- | «block» «block»
E] L4 Compone nts p kg Structures and Mechanisms Subsys Propulsion Subsys
B . . : Documentation = "Provide mechanical Documentation = "Provide,
& Architecture Hierarchy | support and house the mission payloads monitor, and control
@ Hype rlinks I and the subsystems" spacecraft thrust"
I
I
I
I

&1 10 - Background - xsc pkg

starter diagrams contain elements placed in the correct place of CSRM
links to the population information in the CSRM
tailor, or find them in the model and create new elements in the same way
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Example starter diagrams — ConOps

("act [Activity] High Level Concept of Operations| 5] High Level Concept of Operaﬁonsu

|Diagram name || High Level Concept of Operations |
| Modification date | 3/21/18 12:00 PM |

-5 5 - Architecture pkg

& Facilities
&1 LO_Domain pkg et

-5 L1_Enterprise pkg insertion, orbit
=[] L1.1_Behaviors pkg corrections
&1 L1.1.1_Enterprise Behaviors pkg /
1 L1.1.2_Enterprise Use Cases pkg
=& L1.1.3_Enterprise Activities pkg ‘ - -

&1 Collect and Distribute Mission Data - Activity pkg Mission Start

&1 Enterprise Activity A

{71 Enterprise Activity Name

-] Mission Life Overview o4
B2 GENERIC: High Level Concept of Operations «architectureDescription»

E+.2” Relations

—E} GENERIC: High Level Concept of Operations
— ® Mission End

— ® System Delivery

— O AIRT

— O :GENERIC: Nominal Operations

Build & Acqui fcerrioses
— O Bui . c.qulre o Decomission |— — — — — _>©
— O Decomission:Decomission th P
. | Mission End
— O Design

— O Instrument Checkout:Instrument Checkout \ J

Mission Interfaces - Operations Phase

— O LEOP:GENERIC: LEOP
— ® Development Start
— @ Mission Start

MBSE
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Example starter diagrams — Needs, Goals, Objective‘é*'-i'}}’

req [Package] NGOs [ 1-3] Needs, Goals, and Objec’tives]/l

«need»
Important Science Need
Id = "N1" «missionConstraint»
Rationale = "A better understanding of the d . ' nt i
scientific phenomenon will help improve our ability = — — - P
to..." | Id = "MO1.3"
Text = "A better understanding of how some Rationale = "Marketable"
important scientific phenomenon occurs, behaves, ' Text = "Maximum mass of Xkg, TBR "
or changes over time." |
T RATACE P TRrACE S |
' ' ! «missionConstraint»
«goal» «goal» «goal» tendedRequi e
Discover How X Discover how X Discover why X m R at )
Changes over Behaves Happens .
Time = == Id = "MO1.4"
Id = "G3" i i Rationale = "align with X program"
/ Text = "prepared to launch before 20XX,
/ _ #TBR"
«trace» / _ - -
| / _ -7
«missionObjective» '
Collect measurements of ...
Id = "MO1"
Rationale =" "
Text = "Objective text”
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LaRC SmallSat Template User’s Guide

« Guides user through each Needs, Goals, Objectives
aspect of concept R U pe—
] 5K

relationships

NGO Table: A tabular representation of all NGOs

d eve I O p m e nt a S S h OW n O n Allocation — NGOs to Requirements: A matrix style display of

NGOs, showing segment requirements traced to mission
objectives

. Mission Stakeholders and Requirements — Population:
O n e n I a ra I I I Consolidation of all stakeholders, along with compilations of
tables containing NGOs
Mission Stakeholders — Concerns Concepts: example diagram of
how NGOs, constraints, concerns, requirements, and

— N eed S G Oa I S a n d O bj eCtiveS specifications derive from each other
- COnCept of OperatiOnS Needs, Goals, Objectives
— A rC h i te Ct u re Mission Stakeholders and Requirements - Population:

Objective: Overall missions (ex: “Collect measurements of...”)

Goal: How to accomplish the mission (ex: “Discover how X
behaves...”)

Descripion

45

Syatem
comextn

oaure e
Dtinus

— Re qu iIrements and Constraints e e e o mion e “Better understanding of

To add each NGO and ensure each is tracked with the correct -
identifier, it is most reliable to add each of the NGOs through
creating an element through the package on the containment ot | iz %
— n e a Ce S tree Mission Stakeholders and Requirements — Population &3 204w | 3 Meson
package 1.2.0 in the corresponding sub-package. (pictured right) § Relasrs | Deson Consrant
* NGO table is automatically populated, but may need to be " .
reorganized

* NGO diagram is not automatically populated; newly created
components can be added by dragging and cfropping from

Hoeints | operatonal Objectve
Containment Tree into the diagram

: 3 venfiguonReasenent nghtn i ng
Wl(\je“r}laddlngoell)n NGO, each el[emlent p%rresr?or&%thgzl\ﬁed, Goal, L
and Mission Objective respectively within the section. Tedology hjctve ROlI nd

testgot | £y project Constrant
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Testing with CubeSat projects

DIBAR

SAGE IV

reql gej | | Uplcal 5nosts 1)

«MissionNeed»
Clean Air Act Need

«deriveRegts
|

«goals

Continuity of Ozone
Data Record

| «deriveReqt»
«MissionObjectivex»
Measurement Precision for
Validation

«MissionObjectives
Measure Stratospheric | e
Ozone

\EO:

| | | | i qf «deriveRegts | «deriveReqgts
|
y | | issi ionRequi issi «MissionRequirements
«deriveReqts | pﬁmveﬁedf» Stratospheric Ozone Stratospheric Nitrogen Stratospheric Water Vapor Stratospheric Aerosol
| Precision Dioxide Precision Precision Precision
| | | 7 7w ™
| |
pafriveReats | deriveReats | aderiveReats | «derivereqts I ederiveReats | cderiveRegts
| |
1 L
«per «per «per «per «perfor quirements | |«perfor
Ozone Channel 1 Ozone Channel 2 Ozone Channel 3 Nitrogen Dioxide Channel 1 Water Vapor Channel 1 Aerosol Channel 1
T T T T T
| | | | |
| | | | |
I«denveReqt» ideriveReqts ﬁuerrveﬂeqt» [ aderweReql? _____ _gderiveReqts «deriveReqts

|

|

|

|

«performanceReguirements i

Unattenuated Signal-to-
Noise Ratio

‘(derweReqtn

«requirements
~ “lopticalGhosts | — — — — — |

«allocate» |«allocates | «allocates

Focal ’—w—’
Optical
Plane Subsystem

=B R _5 Measurement Sampling Frequency

1E11R_5 Angular Resolution
&R _7 SolarImage Capture &

,E MR_1 Stratospheric Aerosol Precision @

~ [ 220 Field of View &

= [ 231 Instantaneous Field of View &
~ #1192 Telescope Full Field of View

~ [ 221 Aerosol Channel 1 &—

3005008

= E Telescope/Reimager

~ EFocal Plane Assembly

~E Telescope/Reimager

~ E Filter Wheel Assembly

= sage IV Instrument

~ [ 229 Unattenuated Signal-to-Noise Ratio &
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Component Library Wy

Import satellite components and attributes Desired Tool-Chain Integration Architecture
directly into the model to perform trade

and feasibility studies.
g P CRreO

MagicDraw ModelCenter
SysML (on user e

computer, saved to

agency server)
8 ModelCenter

Discipline Tool 1
(e.g., ANSYS,

(3D model)

STK orbital, cost
parametric)
model, etc.)

Discipline Tool

CSV import :
ModelCenter n

script (in MD)

CubeSat

. MBSE
User edit . Component Lightning
manually oru Library (in Round

python script CSV/Excel
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| Containment

B wQ

B+§ke] Data
B, Relations

L] L] D 0_EDS
rade Stuadies wi odelCenter | i oo
53 CubeSat Design Specification [Cubesat Design Specification #1]

5] CubeSat System Reference Model

B[ Project
I:l 017D«.,m.\dm
All generic analyses (mass and cost) are located in Analysis package 0 05 ot Desmpotin
. . ) . . I:l 04_Design
Within the Analysis package there are options for analysis, R e cigrees
— Analysis patterns — e.g. mass roll-up definition LB e
. . i1-[] constraints
— Constraints — constraint blocks created through MBSEAnalyzer < ....gnm'.}
. Multi_Objective_Function
— Mass roll-up — mass analysis context NS D ssoms st
— SSCM14 analysis — cost analysis context based on Aerospace’s ijg:\ﬂ:: o
SmallSat Cost Model 2014 (SSCM14) D
— Multi_Objective _Function — combined mass and cost performance T
metrics into a composite equally weighted score. B Viewpoits
B2 Development Flow

All analysis results will be saved (from I)/IBSAj{EAnaIyzer) as block’s

instances in Trade Studies package.

@] MagicDraw 19.0 - LaRC Smallsat Template [LaRC Smallsat Template #18]

File Edit View Layout Diagrams Options | Tools | Analyze Collaborate Window Help

DeEed-D8a6 - - % Model Transformations
| EE% Contaif g Structure | %) Diagrams | B Hyperlinks L
Containment Project Merge M Bs E
Eg Q Report Wizard... Ctrl+Shift+G - -
S 0w Light
® Integrations 1 Ig n I n
¥ Check Spelling [ d
fon Evalua Roun
Cubesat [ Expression Evaluation
1odel
=)

12

e 12
DataHub B e
Faint blocks




Component Library Loading Current Work @4

I

Development in Python to scrape data

python scraper ECEREE
Data — component
from satellite parts database (e.qg. ibrary
SPOON) and PDF spec sheets to
directly populate into component AgicDraw plugin
library (Excel or SQL)

SQL database of components to use
with METIS Cameo plug-in (developed
as SBIR) for loading components as
instances; also based on CSRM

METIS (Orbital Transports) will have
some trade study presets too in future MBSE
versions Lightning

Round
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