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Overview <>. ‘u Deavr:elc?g)rr?ent

Organization.
.

- OMG Introduction Highlights

- Unified Architecture Framework® (UAF®)

- Systems Modeling Language® (SysML®) Background & Way Forward

- CubeSat Systems Reference Model™ (CSRM™) and INCOSE CSRM Mission Engineering Initiative

- Translating CSRM Logical Model into a Physical Model (a “Real World” Capability)

- Other OMG Space Standards of Interest
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https://www.omg.org/spec/CSRM
https://www.omg.org/spec/category/space

OMG Managed Programs

The Object Management Group (OMG) mission is to develop technology standards that provide real-world value for dozens of vertical
industries. OMG is dedicated to bringing together its international membership of end-users, vendors, government agencies,
universities and research institutions to develop and revise these standards as technologies change throughout the years.

- OMG

mmm= Object
Management
Group.

1
digital twin- | | -t

CONSORTIUM

v M oi-ndards An OMG Managed Community
< ) . ‘ Q. Development qun
/"\REA — Organization. nk'l\"
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CISQ  Bes

Consortium for Information & Software Quality ™

33 Years of Excellence OMG i

Organization.
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About OMG

Foundedin 1989

International Standards
Development Organization

250+ Specifications

240 Member Organizations

11 Specifications Ratified
As ISO Standards

@006

WWW. .0rg

> 2022 Object Management Group. All Rights Reserved

OMG Vertical Markets < ) M G géavlﬁj?édrﬁem

Organization.

Standards are developed by OMG using a mature, worldwide, open development
process. Withmore than 33 years of standards work, the OMG one-organization,
one-vote policy ensures that every vendor and end-user, large and small, has an
effective voice in the process.

Finance Government Healthcare Manufacturing

'17»12\ -

,\\

Military
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https://www.omg.org/industries/finance.htm
https://www.omg.org/industries/healthcare.htm
https://www.omg.org/industries/government.htm
https://www.omg.org/industries/manufacturing.htm
https://www.omg.org/industries/military.htm
https://www.omg.org/robotics
https://www.omg.org/industries/retail.htm
https://www.omg.org/industries/space.htm
https://www.omg.org/

Who are OMG Members?
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Airbus Group
AIST
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Department of Navy
Department of Veterans Affairs
EASCe.V.
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Space Focused
SysML Focused
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Space Dynamics Laboratory
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https://www.omg.org/cgi-bin/apps/membersearch.pl

o4
Why Use Frameworks ? OV Segaree

Organization.

S
Frameworks such as Unified Architecture Framework (UAF) o UAF
represents the unification & demilitarization of a proliferation of defense AFs QL OMG UNIFIED

N ARCHITECTURE
. - . : ’ V FRAMEWORK
» Supports semantic interoperability by using a common vocabulary enabling: \

O POthOlIO and Capablllty manage me nt Standard means of expression — Representational Formats (Model Kinds)

o S0S Operational planning and Mission Engineering I e e e s e e

Strategic Understand enterprise objectives, defining and deploying cap

° UAF |S method agnostlc (Structured’ OO, etc) g’_ Operational Understand the SoS from Operational/ Logical Perspecti §
% Services Identify Services to abstract behaviour and capabilities g

- Extends DoDAF v2.2 and Unified Profile for DODAF and MODAF (UPDM)With 5 s " aiaitamain: 0 2
additional architectural dimensions: Security, Personnel, Requirements, 5 s Cyber Security Analysis g

ﬁ SRS Understand project development milestones )

Analysis, Simulation with full cross-cutting Traceability using a P S
H h P H ’
common semantic vocabulary & utilizes DoD Digital Engineer’s Model of

Choice — SysML®

Architecture Framework: Conventions, principles and practices for the description of architectures

established within a specific domain of applications and/or community of stakeholders. isoiec/iege a2010:2011
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https://www.omg.org/spec/UAF
https://www.omg.org/spec/UPDM
https://www.omg.org/spec/SysML

DoD Architecture Framework (DoDAF) v2.2 <> M o~

& Unified Architecture Framework (UAF®) 3 by el

DoDAFv2.2
OMG Developed DoDAF in conjunction with DoD and Service Support, migrated it to v2.2, followed by MoDAF, NAF, Unified
Profile for DODAF and MoDAF (UPDM) — DoD CIO on record to support only DoDAF 2.2

- NATO requested one common architecture framework to aid in coalition warfare — UPDM migrated to UAF

- UAF is DoDAF 2.2 with UML / SysML applications

Unified Architecture Framework (UAF)
- Is a profile extension of UML and SysML developed by OMG with DoD, MoD & NATO involvement

- Provides a common language and notations for model elements views and viewpoints across multiple frameworks for
describing an enterprise architecture

- Provides element stereotypes for each domain for concepts that are not supported by SysML

- Includes elements such as timelines, milestones, and dates

Provides Semantics & Ontologies to drive SoS coordination
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https://www.omg.org/spec/UPDM
https://www.omg.org/spec/UAF
https://www.omg.org/spec/UML
https://www.omg.org/spec/SysML

p DoD DE’s & NASA’s Model of Choice

Program Description
SysML is a modeling standard that supports an open systems approach.

Enablesa common approach for specifving & architecting complex svstems. ( ) . ‘ A Standards
m u Development
”il S E BD K GUIDE TO THE SYSTEMS ENGINEERING BODY OF KNOWLEDGE _ O rg an I Zat I D n#

https://www.sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of Knowledge_(SEBoK)

Program Capabilities

* Modeling to automate requirements verification & generate SE products

* Benefits overa traditional document-based approachis that disconnected
artifacts become related inthe model, enabling the production of consistent

model-based documentation.
* Allows req’ts verification analysis to be conducted in the context of MBSE.

* To performthis analysis, the requirements, executable behavior, and models Submarine Warfare Federated Thirty MerTeIescope
predictingthe system’s performance is integrated. Systems
Key Accomplishments/Status
Program Modular and open SYStem ApproaCh * Production systems implementing this baseline are delivered to new-build submarines, and to
. : in-service submarines being upgraded on a roughly 6-year cycle. The common combat system
Submarine Warfare Federated Tactical Systems product line is referred to as the Submarine Warfare Federated Tactical Systems (SWFTS).

The submarine combat system SE&I program delivers updated annual
production baselines, along with product line variants for each submarine class

or subclass beingbuilt or upgradedthat year.

Thirty Meter Telescope (TmT)

* The value proposition for applying this MBSE approach to was to establish precise requirements
and fine-grained traceability to system designs, and to verify key requirements using executable
SysML models beginning early in development for Large Telescopes.

* SysMLv2is the Next Generation Systems Modeling Language that providessignificant

The MBSE approach applied the Executable Systems Engineering Method (ESEM) and upgrades and a standardized API for improved interoperability amongst models

the Open-source Engineering Environment (OpenMBEE) to specify, analyze, & verify . . .

requirements of TMT’s Alignment & Phasing System (APS) and the Narrow Field Key Milestones - SYSML Historical UpdateS

Infrared Adaptive Optics System (NFIRAOS). SysMLv1.0 2007 SysMLv1.4 2015  SysML2.0 In Development
SysMLv1.1 2008 SysMLv1.5 2017 Final Submission
SysMLv1.2 2010 SysMLv1.6 2019
SysMLv1.3 2012 SysMLv1.7 2021 Q3 2022

I...l HE-L.A.EE | F| E D ® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission



Model Based Engineering To Be State <> M G P s

(SysMLv2.0) SO

Source: NDIA MBE Final Report dated February

2011 ind
nufa‘cturln
a ility
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PD‘R/ 5y Model-Based & Standards-Based
rori® ont itio" Acquisition Provides for Better
N evelch, _ o Program Integration & IS the FOCUS of
DeGI5 5y5tem > Management OMG’s SysML v2.0
pré” Systems 4
Engineering
Hardware Logistics
= Needs Software o/ Customer
= Current ﬁ/lonfiguratio?
Capabilities anagemen MBE Enhances Affordability,

Shortens Delivery and Reduces Risk Across the

= Budget/Schedule S
Acquisition Life Cycle
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CubeSat Systems Reference Model™ (CSRM™) ) ViR Stndards

Organization.

-
The International Council of Systems Engineers (INCOSE) =

» Utilized OMG’s Systems Modeling Language to Develop
» A CubeSat Systems Reference Model that provides information

» For universities, students,businesses and developers of CubeSats & Satellites
» Provides Behavior modeling between subsystems

» Validation & Verification (V&V) processes

» Coordination points for launch

Model Based Systems Engineering (MBSE)
Formalized application of modeling to support requirements, design,

analysis, validation, and verification OMG
Systems Modeling Language® (SysML®) M‘P},'ns[“ﬂg
LANGURGE

A graphical modeling language for modeling complex systems including hardware,
software, information, personnel, procedures, facilities and Coordination's

Systems Engineering System Modeling Interfaces with
Methodology Tools Other Models

Purpose: Provides a CubeSat Systems Reference Model that CubeSat Teams can use
as a starting point for their mission-specific CubeSat

® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission


https://www.omg.org/spec/SysML
https://www.omg.org/spec/CSRM
https://www.omgwiki.org/MBSE/doku.php

B oo dard
O Vi Sengards

CSRM™ Attributes
Organization.

-
What CSRM Does & Doesn’t Do
* ProvidesaCubeSat logical space-ground architecture

» Logical components are:
« Abstractionsof physical components that perform system functionality w/o imposing implementation constraints.

Starting points for a mission-specific CubeSat logical architecture, followed by the physical architecture and the

CubeSat development
Establishes a foundation for a Physical architecture that defines physical components of the system including

hardware, software, persistent data, and operational procedures.
Integrates five overarching elements: stakeholders, technical measures, behaviors, requirements, and architecture.
Provides for defining and tracing requirements from stakeholders, to behaviors, technical measures down to subsystems
and components to be certified through validation and verification activities.
A repository for systems engineering artifacts. However, it is not pre-populated with specific stakeholders, technical

measures, behaviors, and requirements.
* It’s the CubeSat mission development team’s responsibility to populate based upon their needs and objectives.

Development of a mission-specific CubeSat utilizing the CSRM™ establishes a mechanism to share and reuse

components with other design activities.
® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission




CSRM Attributes (Cont’d) O VG Sandarcs

Development
Organization.

L

* A mission-specific CubeSat team downloads the CSRM Specification and files from OMG (Free) for import it into their
own graphical modeling tool.

« The mission team identifies the systems engineering methodology to be followed and revises the model, elements,
relationships, and diagrams as needed.

KEY Take Aways:

 The CSRM™ is based on MBSE principles, is SysML v1.6 compliant, and is hosted in a graphical modeling tool.

 The CSRM™ is a Reference Architecture in accordance with the Mission Engineering Approach and Methodology
delineated in the DoD Mission Engineering (ME) Guide.

» The mission-specific team is free to adopta different logical architecture and modify the CSRM™ to accommodate this
change.

 INCOSE & OMG are developing an extended ME Capability to address detailed ME Operations for the future

® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission
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CubeSat Systems Reference Model™ (CSRM™) < ) M G Standards

Development

Model Overview & Navigation Package Organization.

pkg [Fackage] 0 - CSRM Owverview and Mawigation pkg [ CSRM Overviews and Mawigation ]_/_,J
CSRM Overview and MNavigation £ July 2019
| | | |
1 - Stakehcolder 2 - Technical 3 - Use Cases pkg 4 - Requirameants
pPkg Measures pkg pkg
| | | |
5 - Architecture pkg 6 - Data Models 7 - Validation 8 - CSRM Elements
Pkg Verification pkg and Population pkg
|
89 - CubeSat
Referance
Information pkg
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CubeSat Systems Reference Model™ (CSRM™)

Space Segment Structures Package

B oo dard
O VG Sendares

Organization.

bdd [Package] L2 1. F Structures pkg [ Space Segment bdd ]_J

Space Segment bdd

10 July 20179

L2 .1 Space Segment pkg

L2.1.2 Structures pkg

wSegments
Space Segment

L2.1.1_ _Behawviors pkg

Y. -

Y. -

wCubeSats

CubeSat Cube Sat Orbit

wblocks

CubesSat Use Cases pkg
[ | e

CubesSat Use Cases Table

L3.1_CubeSat Subsystems pkg

L3.1.2 Structures pkg

xS ubswsterme
Mission Payload

Arttitude Determination and

wSubswsteme

Control Subsystem

wSubswetema.

Power Cube Sat
Subsystem Subsystems

xSubsyw=stemme

Handling Subsystem

Command and Data GSuidance Mawvigation and

xSubsw=stemme

Control Subsystem

wSubswstemoa
Thermal

w Subswstemoe
Communication

Subsystem Mechanisms Subsystem

wSubswsteme
Structures and

Subsystem
CubeaeSsSat
Subsystems
xSubswstema Tarms=s

Propulsion
Subsystem

- Population

e
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CubeSat Systems Reference Model™ (CSRM™) < > M G Standards

Development

Ground Segment Structures Package Organization.

bdd [FPackage] L2 .2 2Z2_Structures pkg [ Ground Segment bdd ]J

10 July 2019
Ground Segment bdd

L2.2 Ground Segment pkg

| L2.2.1_Behaviors pkg
L2.2.2 Structures pkg |

wSegments Ground Segment Use Cases pkg
Ground Segment
| =
¥ ¥ ¥
Ground Segment Use Cases
Table
I
L3.2 Ground Subsystems pkg
I
L3.2.2 Structures pkg
CELIEEIELD xSubsystems xSubsystems EEL]
Plansanhl:l Sr:.thedule Space - Ground — Network
RUESAES BT Communication Subsystem Subsystem Ground
Subsystems
- Population
aSubsystems xSubsystems == =Subsystems
Spacescrgﬂ: c:mmand Mission Data Processing Facilities
ubsystem Subsystem Subsystem
aSubsyetems CELIEEELD o d
- i i roun
Ground Equipment Di h{llss;nh ga:’a t Subsystems Terms
Control Subsystem issemination Subsystem ¥
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CubeSat Mission Stakeholders & Requirements < ) M G

L

Standards
Development
Organization.

kg [Package] 1.2Z2.1 - Mission Stakeholders - Concerns Concepts pkg [ Mission Stakeholders - Concermns Concepts ]_/_,J

Mission Stakeholder - Concermns Concepts

wStakeholderConcerns
Stakeholdaer Concermn

wMiz=siconhkMleced:x
Mission NMeaed

T T T

_ 1 I - — —

=l oeSpecifications
Measure of Effectivenaess
Specification

T
I

= MissionObjectivex
Mission Objective

= MopSpecificatione
NMeasure of Perforrmances
Specification

=
|
1

=T EmSpecification:s
Technical Paearformrmanceae
NMeasure Speaecification

1= T=
| |
1 I
=MMizssionReguirsmeaents —
Mission =
Recguirement
=
|

Segment =
Reqguirsment
T-
|
I
=reguirements

— Subsysternm
ReqguiraEment

M

=reguirements il —

17 July 2019

wMizssionConstraints

7 subsystem
b Use Case
\'“‘-——_____

Mission Constraimnt
T-
|
|

- T mMiission Use
o Cmme D

o _r/'F---SEEII'I‘IEI"It Use
GSmse 7 D

OMG Members (DoD, NASA, Industries & Universities) Were Utilizing this Model on Missions Prior to Adoption & Publishing
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CSRM™ Mission Engineering Initiative () \/ G e

Organization.

ME Analysis Planning — Alignment crucial: ME Analysis Execution Reporting and GRA
Problem == Scenario = Vignette(s) == Measures = Analysis Selection == Model(s) / Data Trial Architectures & Efficacy Documentation

o ~ & \9 \O \9 \@ =

Problem Statement Mtssnm 3 Mission Metrics Design of Analysis — Define MTs / METs Perform Analysis/ Document Study
- Questions Characterization « MOS & MOEs — | 4 | | Run Models Concl
° SUSpeCted Gap(s) s Scenarios SUCCQ-SS and * Define Trial = Define Architectures = Mission Efﬁcacy *Selected
1 -Conce.;ptsg 1 « ROE/CONOPS D .g;zn::table and [ gw:!uated - (brleferfence ~):ase | Analyses (ifreq.) | |*ME Analysis Report H\
[ VA ey e v *oenne per rak: ue forces I leAAAanta.Carls “leCiiratad Natas
T ASSUTITIIPUOIND el . 3 e - enle-A ane 020 | JrlunRtec LA
* Threat Laydown L © Modets o 'To-Be’ alternative * Parametrization /Models for reuse
) o o Top-down & o Data (alt. blue force & ~ i
and capability s ) = e Cost Trades Decisional
DOIEONEUD © Analytics performance) Confidence-level Briefings
* Timeframe of interest © lterative : 2 v« *Gather Data/Models " : ey
\( — ]/ \__decomposition ) \ 2 End-products D § P ¢
A J]
ROE = Rules of Engagement O 2
MOS = Measures of Success Repeat until desired confidence is achieved
MOE = Measures of Effectiveness
MET = Mission Engineering Thread « e . .
o ddimpsemibal b CSRM™ Mission Engineering Approach and Methodology

Step 1. Problem Statement Artifacts includes stakeholders and their needs and objectives.

Step 2. Mission Characterization Artifacts include mission, segment, and subsystem use cases. in support of mission data tasking, collection,
and distributionthread.

Step 3. Mission Metrics Artifacts include measure of effectiveness, measures of performance, and technical performance measures.

Steps 4-6 are carried out using:
- Mission Specific Model (MSM) based on the CSRM™ descriptive model

- Time-Based Dynamic Model (TBDM) needed for trade studies
® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission



CSRM™ Mission Engineering Process OM G Sengares

Organization.
-

\]'J Identify Mission Engineering Methodologies

Space Mission Analysis| INCOSE Systems Engineering
and Design Book of Knowledge
Space Mission Engineering is the Mission Engineering describes the
refinement of requirements and definition of application of systems engineering
mission parameters to meet the broad to the planning, analysis, and
objectives of a space mission in a timely designing of missions where the
manner at minimum cost and risk mission is the System of Interest

&)

Mission Engineering analyzes the Mission Engineering Scope
mission goals and threads,

analyzes the available as well as

DoD Mission Engineering Handbook

Mission Engineering is the deliberate emerging operational and system /\
planning,  analyzing. organizing, and capabilities, and designs a mission o 3
integrating of current and emerging architecture to achieve the mission [ CHIRY ] = Map and Supplement CSRM Elements
operational and system capabilities to goal ¥ ®
achieve desired warfighting mission effects i H
/ \ M = . Submit
Tl moeteRkm ¢ | EEmEmn INCOSE ME Activities CSRM Element
Different domains have different mission engineering methodologies | | | [ 7 * Kej= = ' Incorporation — — . EMENIS
y 1 = - Mission Capability Analysis . Stakeholders
B — 3 Roll-up and Definition
TR —— — - Establish Mission = Supplemental //I. _______ «  Mission Obijectives
Jaw:re 2021 Mission  |---- > Logical Model @ Elements + Mission Thread Definition < Map : o ) )
Engineering I g' . Tradeoff Analysis \FTT T + Mission Constraints
iviti - Map Model El t: o _— 5 i
ys'ci cde @ - «  Requirements Engineering s | + Behaviors
S“PPéTme"ttMGde' - Interoperability Analysis E- Supplement 3| +  Technical Measures
lements [ .~
<« — —p Dynamic Model | " > = Mission-oriented SoS i < Architecture
e Implementation o .
Architecting for Mission Engineering - = . Mission Verification and + Validation Activities

INCOSE 1 Validation « Verification Activities

January 2021 1L

The focus is on logical model that will be populated as a physical model

e
INCOSE IW

January 2021

0o
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Orbital
Transports

Mission Cloud

A
orbital
TRANSPORTS

Primary Model
Elements

Provided by
Mission Template
Models

orbital
TRANSPORTS

Cloud-based, integrated digital engineering system

— =

CubeSat System Reference Model

Iﬂ;CQ$E

Orbital Transport’s (OT) Work s built upon
CSRM but extends CSRM significantly

Mission Design Tool: web-based front end

Access to OT SmallSat Catalog of partner products and services

Mission Cloud Architecture

2

) 1

CubeSat System

Reference Model
(CSRM)

Standard Mission
Model Templates

3

e e

Website:

Perform trade analyses and price comparisons

Mission Builder

I I

METIS

Tool I Mission Specific 1
Logical Model ] Model Library
|
Copyright © 2021 Orbital Transparts, inc. Confidentiol ond Proprietary. I : SmallSat Ontol ogy
|
| I
n | L J
2:%  Stakeholders Other Design and /__,,I I ] Website:
Analysis Tool e A : METIS Plugin SmallSat Catalog
Technical Measures Integrations ! I ~hedific |
| Physical Model
|
F_\; Use Cases 1 !
CSRM B S |
~ Requirements
— & Senerated Product
Logical Architecture TeamWork P Database
Cloud
Validation and Verification oy
orbital
,ﬁ.f% Physical Design TRANSPORTS Copyright © 2021 Orbital Transgerts, ine. Canfidentiol and Prapristary. &

Project Plan and Schedule

® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission
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|
Orbital Transportation — Mission Cloud Concept— Transitioning from Logical to Physical Architecture

@ csnm Mission Design Tool

SENSING CubeSat System Reference Model

SPACE IMAGING SPACE QUALIFICATION

MISSION GOALS

INCOSE

v
TECHN orbital
TRANSPORTS

CUBESAT BUS L 3

Collect mission Select and Compare pricing Find launch
requirements configure options
smallsat
components

(75 orbital

CUBESAT BUS \ ) TRANSPORTS Copyright © 2021 Orbital Transports, inc. Confidentiol and Proprietary.

[ SmallSat Catalog

56 Kbps

5 Bringing the smallsat supply
chain online

HOW OFTEN DO YOU NEED TO
COMMUNICATE WITH THE GROUND?

Select

O orbital
TRANSPORTS m One-stop shop for all your

ORBIT smallsat mission needs

,,,,,, i & Hardware, software, services
v o and engineering expertise

......

€ Convenient go-to resource to
check out the latest and PR——
greatest

Copyright © 2021 Orbital Transports, Inc. Confidentiol and Proprietary.

""" M  ciondard
| OMG Sengees
[ ]

Organization.
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Ycsrm

CubeSat System Reference Model

INCOSE

Containment
Tree

O orbital

TRANSPORTS

Whatis the story here ?

Logical Architecture to Physical Design Process

Product Ontology

() orbital
B T Tl O] h TRANSPORTS

Copyright © 2021 Orbital Transports, Inc. Confidentiol and Proprietary.

* Thelogical architecture defines logical elements corresponding to an abstract architecture.

* The block elements describe relatively generic subsystems and components (e.g., OBC, ADCS, etc.). These
items are linked by generalization relationships to corresponding definitions in the Ontology, so they
inherit the attributes and properties from the Ontology definitions.

* Physicalinstances are created from the logical elements to represent a specific physical implementation
(e.g. Hyperion iADCS 400). The instance properties are defined by the ontology definitions and their values
are populated with data retrieved from the product database.

* TheLogical Architecture to Physical Design slide is representative of the process of selecting an element

from the Logical Architecture, choosing a product from the product database corresponding to the
selected architecture element, and automatically creating the physical instance using the product data
retrieved from the database.

* The Logical Elements and Physical Instancesslide shows the ontology and logical architecture block
defining the ADCS subsystem and two physical instances with the property values populated for two

different products.

v

@ orbital

h TRANSPORTS

bdd [Pw

Logical Elements and Physical Instances

«OnloogyDefetors
Attitude Determination and Control Subsystem

Copyright © 2021 Orbital Transports, Inc. Confidentiol ond Proprietary.

M ciondard
OVMG e
[ ]

Organization.
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CubeSat System Reference Model

Project

Planning and
Scheduling

Schedule Estimation

@ orbital

TRANSPORTS

" The Modelis the Source of Truth

Once the previous SE steps are completed, then cost & schedule are
estimated, Document Generationis printed for review

® 2022 Object Management Group. All Rights Reserved. Published by The Aerospace Corporation with permission

Project

Planning and

Scheduling

Cost Estimation

.
orbital
TRANSPORTS

OT’s Mission Model Drives
the Documents
(Docs do NOT Drive the Process)

—

Model Library

E— - ]
METIS
cument

METIS Report
Generator

Copyright & 2021 Orbital Transports, kne. Confidentiol ond Proprietary. —

Mission Model

Generated Documents

orbital

TRANSPORTS Copyright & 2021 Orbital Transports, inc. Confidentiol and Proprietary.
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4 Stakeholders

Primary Model
Elements

Technical Measures

e e

SHT!II
NODELING
LANGUAGE.

Provided by
Mission Template
Models

Use Cases

SDesam

Mission Template - Overview and Navigation

Requirements.
1 Stakehoider 2 - Technical
kg

4-Requirements
Measures pkg g

I Logical Architecture

Mission e
Template Model
Organization

Validation and Verification
&%  Physical Design

Mission
Stakeholder

S
<
esh

Project Plan and Schedule

Concepts

[ beSalSysl m Refe

[ Mission
”’1‘?955 s Enterprise
sttt Logical
70 orbital Architecture
o —— ——

AN OMG STANDARD

CubeSat System Reference Model

_

INJCO,$E

b
w—

z orbital

TRANSPORTS

Enterprise
Concept of

Operations

Space
Segment
Logical
Architecture

First
Projected
Launch
October2022

W

Physical Design
Package

Trade Study
Analyses

Once QAE Council Review Completed — Documents are Submitted to Customer
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OMG'’s Space Domain Task Force (SDTF) OM G Sangeres

Organization.
0 .

£

Whatisit?
And What does it Do?

\ \y
/ \"%(‘ %'\‘ .‘ ~"c
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The OMG Space Domain Task Force (DTF) OV Sengares

Organization.
C/

» Space professionals committed to greater interoperability, reduction in costs,

schedule, and risk for space applications through increased standardization
"‘3" @AERUSPACE AMERQL'!I (LBOEING BRAXTON IN(.OSE
KRRTOS MITRE ™ <#omian Paraten i oo

» The SDTF works cooperatively with the CCSDS to ensure consistent space
standards are developed. _

» OMG’s Space DTF is Fast but not too fast : 9 - 24 months to deliver a standard

» Final Results are specifications and interfaces NOT products

» Implementations of OMG specifications by users
» Those implementing specifications need not be OMG members
» Specifications are freely available

» Collective Wisdom - Broad Range of Input
» Standards/Specifications based upon Gov't & Industry Consensus
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Space DTF Specifications (Freely Available) OV L

Organization.

https://www.omg.org/space/

Other OMG Relevant
Specifications to Consider

Space & Other Relevant
Specifications Being Initiated

OMG Space Domain Task Force
(DTF) Delivered Specifications

+ XTCE (XML Telemetry and Command

Excha 11 Future Work being Considered « Middleware and Related Services (MARS) Secure
xchange) (1.1) , L - archiving, display, & Ontology Networking Communications WG
+ GEMS (Ground Equipment Monitoring L ’ . Tel icati
Service) « Ground Station Ontology (Spacecraft W .
- nter - roved Beta
. SOLM (Spacecraft Operations Operations Language Metamodel), ;M:A( 'I)bl N App
Language Metamodel) * http://www.omg.org/hot- DpecD_ '\llaal a g o5 (DDS
i - _ —rfi  Data Distribution Services
. C2MS (Cmd & Control Mission topics/spacecraft-ground-systems-rfihtm car (DDS)
Services) + Data Archiving : _
CSRM (CubeSat Systems Reference - Cyber Security * Information Exchange Framework (IEF)
) . » Cyber Security for Front Line Systems
Model) (INCOSE & OMG Product) Telescope Reference Model Y e y

- Alert Management Service (ALMAS)

Alarms & Event Notification and Scheduling
Work-In-Process

» Display Page Exchange

o ; . * Hybrid Adaptive Networking — 2022 ??
* CubeSat Mission Engineering
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http://www.omg.org/hot-topics/spacecraft-ground-systems-rfi.htm
http://www.omgwiki.org/space/doku.php?id=xtce
http://www.omgwiki.org/space/doku.php?id=gems
http://www.omgwiki.org/space/doku.php?id=solm
https://www.omg.org/spec/STI/About-STI/
https://www.omg.org/spec/ALMAS/About-ALMAS/
https://www.omg.org/space/

N -
. WSS

FOUNDATION }r]‘
/S
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Space Telecommunications Interface (STl) (Beta)
OMG Middleware and Related Services (MARS)

Standards
Development
Organization.

OMG

Platform Task Force (PTF)

- Space Telecommunications Interface (STI) v1.0 Beta is developed to be Software Communications Architecture

(SCA) v4.1 Compliant — Developed from NASA’s Space Telecommunications Radio Service (STRS)
- Moves from UML based SCA to SysML based (backward Compatible)
- The Finalization Task Force (FTF) is expected to be Complete by Mar 2022

National Aeronautics and Space Administration

Flignt Computer Intertace  External intertace

N

System Architecture

» STI defines the various roles and responsibilities of the
stakeholders

— Defined roles and integration points allows for more parallel
development efforts, vendor independence

» Emphasis of standard is different for different system roles

— Focus on a specific software interface (i.e. API) to ensure
portability

— Focus on documentation of system capabilities rather than
prescribing a specific set

« This approach allows some component re-use while still allowing

the overall system to be tailored to the specific deployment
environment and requirements

National Aeronautics and Space Administration

¢
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S S

STI Overwew Hardware Architecture

STI defines
fundamental blocks of
a generic SDR
platform

» General Processing

Module (GPM) hosts il e
the control plane / R

» Signal Processing

Module (SPM) hosts
the data plane / — i

» Radio Frequency
Module (RFM)
provides the radio
interface

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

National Aeronautics and Space Administration



https://www.omg.org/spec/STI

Space Telecommunications Interface (STI) (Beta)

v %  siandard
<>. ‘u Deavr:elc?;:r)rr?ent

Organization.

STI Software Operating Enwronment Model

Proposal prescribes specific API requirements for items between the STI
Infrastructure and waveform/application services layers

» Allows portability of software elements between different OE
implementations

Proposal prescribes documentation requirements for layers below the
STI Infrastructure — :

- Specialized hardware and &«
hardware system
limitations/capabilities i =
defined in vendor-supplied _m A
documentation. [ =

National Aeronautics and Space Administration A~ .'

STI Application Software Interface Struc‘ure

Proposes a SW Interface ¢ ==
structure similar.to g
existing SDR standards = =
(NASA STRS, SWRADIO,

SCA)

Software written for these
other environments g
should be usable without -
extensive rewrites or i —
refactoring Lo S

National Aeronautics and Space Administration

OPTIONAL
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Standards
Development
Organization.

Changes Made From STRS to ST

OMG

R"‘\

Changes to Figure 3: Notional STI Hardware rchitetl;riéﬁ

A e e

Changes to Figure 10: Layered Structure .

Before:

After:
(Deleted figure 2 specifying colors)

Before:

After:
(Became figure 7)

RF Module (RFM)

3 e e Y. Bl Nt a—-—
Changes to Figure 14: Application and Device Structure
‘ @ Before: After: @
National Aeronautics and Space Administration . Aeronautics and Space Administration
(Became figure 9)

ormoNAL

TR, Soerce
s TH, Compomamntesatar
TS S =
TR Do
e
. -

National Aeronautics and Space Administration
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Space Telecommunications Interface (STI) <>M 1

\Z Development

Organization.

OMG Middleware and Related Services (MARS)

- -
STl System Architecture Overview — Extends SCA from UML to SysML v1.6
n
sssssssssss ibd [Block] STIRadio[ STIRadio ] J
STI Radio Platfol rm
pose Proces: m
L Ground Test
«subsystem» L
1 Application [1..* Infrastructure OE [1
nnnnnnnnnnn i cuses | asubsystem» I 5
pplicatit ‘\ﬁ"*""""""":\i 1 | OE -_-
1
I===---"7 STI API Infrastructure
APP API | 5 & a
| | ] )
| i
. RS s ] Data Transfer API
] | | | i— — > b
T 00 I
|
««««« N — ,,OS,1
I ubsystems
ace ce, | os
«subsystems «subsystems
Flight Computer Interface External Interface -
nnnnnnnnnnn 1 System Library API ‘L
Waveform A pplication g S CHAL AR - i
44444 «subsystems | |
,,,,,,,, E ol l J )
[ ™ ‘ Fr
Flight Compu Exts | Port J |
,,,,,,,,,,,,,,,,,,
Dedicated Servi \ o wses e
L ese

aaaaaaa

««««««« locks ‘
FPGA Master Clock

«««««««

«blocks |
Other Specialized HW ‘

* Proposes a SW Interface structure similar to existing SDR

standards (NASA STRS, SWRADIO, SCA V4.1) NASA Optical Comm porting Complete
e Softwarewritten for these other environments should be
usable without extensive rewrites or refactoring & Very Successful !!
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-5 anaaras
Where Do OMG Standards Fit ? ( > M 7 gteve(ljopcrjnent

Organization.

» Satellite link (commands & telemetry)
I:> Ground Equipment Monitor and Control

INCOSE

Other OMG Standards
of Choice

r ~ Common Object
(LQ Request Broker Agent

CORBA

» Inter-center real-time messaging
» Intra-center real-time messaging

» Operations artifacts

7\ Data Distribution
DDS Service

I E F))(( Information Exchange

‘ormation Exchange Framework F ramewo rk

M N F Meta Object Facility

Meta-Object Facility™

Ground Equipment

ottt <SS Systems Modeling
LANGUAGE. p Language

Unified Architecture
Framework

: Alert Mgt Servi
Satellite Factory ert Mgt Service

£ Gttt <SS AF
= GSBM A PR 0sIS Ops Center 2

INCOSE
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Open Architecture
Radar Interface
Standard 32




Standards Bas — Space Domain —/

andard cos
a | —— Developme i

‘ S T ganization. N
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AN OMG STANDARD

i @ AN OMG STANDARD @ AN OMG.SIA 5 = - AN OMG STAN D AN OMG STANDARD
AN . N - ’ .
; X I L J
c 3 o Open Architecture
/ / - .. s Alert Management Service Radar Interface™
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If Anyof You Space Cat’s

Have Questions - You Can Be Directed To:

Note Pages & Back Up Charts Available Upon Request
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StevenA “Steve” MaclLaird
(aka Da Dawg)
SVP Government & Industry Strategy
Cell: +1-703-231 6335
OMG HQ — Needham , MA
Tel: +1-781-444 0404
Fax: +1-781-444 0320

maclaird@omgq.org
+1 703.321.6335

https://www.omg.org

https://www.iiconsortium.org

http://www.it-cisg.org
https://www.digitaltwinconsortium
https://www.bpm-plus.org/



mailto:maclaird@omg.org
https://www.omg.org/
https://www.iiconsortium.org/
http://www.it-cisq.org/
https://www.digitaltwinconsortium/
https://www.bpm-plus.org/

M i ndard
OVMG Segeres

Organization.

Thank You
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