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First-Thank you

* It has been a long road, but all those previous
efforts have been instrumental in standing up the
Digital Innovation and Integration Center of
Excellence. Thank you for all the help!

* Thank you to AFMC for providing the resources
necessary for DIICE




Why Digital

"THE ENTERPRISE THAT DOES NOT INNOVATE AGES
AND DECLINES, AND IN A PERIOD OF RAPID CHANGE
SUCH AS THE PRESENT, THE DECLINE WALL BE-FAST."

- PETER DRUCKER,
AMERICAN-AUSTRIAN CONSULTANT -

& quixy
We have a window of opportunity to
accelerate changes now. And
personally, |d rather drive than i

if we fail, it won't be for lack of
trying. This is a journey and we are

just starting.

*®

General Chai




Principles of Deterrence

—

Certainty, swiftness,
and severity are all
predicated on your
capability compared

to your enemies



Competing in Time
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Competitive Advantage

Technological Growth PPBE Restricted Fielded Capability

U.S. Potential China Potential U.S. Employment China Employment

2024 2025 2026 2027 2028 2029 2030

1.5X + 16 Year PPBE US 42'6)(

Or

U.S. Technological Advantage China Capability Advantage

7 Year PPBE China



Better Capability, Faster

Research Develop

Design

Test

- Sustain

Maintain

=

Prototype Requirements

Sentinel

Skyborg

® First flight in 36 mo from

® >6B design variants
concept dev.

analyzed to optimize

® Modularity enables >10 performance
variations ® ~6 month reduction in
¢ Digital models enables time to SRR
rapid design/test/validate * VR based training for
cycles w/warfighter operators/MX

feedback l

|

Analysis

® Months > Days for

software development &

release

® 1000's of high fidelity
design iterations

SLEP

' B-52 CERP

¢ >60 day reduction in time to
PDR wi/shared digital tool
environment

® Months saved in virtual
validation of assembly & MX

® Virtual training opportunities

Modernize

2]

Mmoo ws
#. t ‘* R == ¢

® >2 yrs, $2M saved in ICD
dev’t and SIL testing for F-
15/SDB Il integration

® For NATO munitions: 19 &
15 months saved on wpn
integration compared to 5

DMSMS

¥ A o)

A-10 Re-Wing

~1 yr saved in design
qualification
~60% reduction in

sustainment eng response
time

2000 hrs of A/C downtime

® Months > Weeks prep _
time for acq. reviews for crews/MX year nominal avg reduced to 700 hrs

® Pivot w/evolving threat l

)

Model Based System
Engineering (MBSE)

Threat Informed
Mission Modeling

Foundational Supporting
Capabilities

Robust IT Infrastructure

Reference Architectures

PLM & linkage
to Log-IT

Acquisition Data Management Open Standards

Authoritative Sources of
Truth (ASoT)

Workforce Training

Automated Certification Processes Enterprise Tools

Enterprise Policy & Governance Digital Culture

Overcoming silo’s and enabling enterprise scale requires enterprise investment




Technological Advantage Overlayed w/
Skyborg PPBE

PPBE (3-yr Skyborg) Restricted Fielded Capability

= U.S. PPBE 3 year Skyborg @ China Employment

0
2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044

9.5x

U.S. Capability Advantage



The Sensible Path

e Control that which you can
control!

e - Does MBSE, DE, and Digital
Integration Enable Faster
Decision Making by Expediting
Our Expansive Decision-Making
Processes?

T

WhAT You Shourd Fows On

Image from https://www.lutz.us/focus-efforts-control/
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Vision and Characteristics N

. Characterlstlcs of DIICE

Digitally capable — deliver digital solutions

Innovative — future focused people that ensure the warfighters are ready
Integrative — people who understand the domain, so the right solutions emerge
Connective — collaboration occurs after connection

Enabling — focus on producing, and empowering our customers

 Vision Statement:

*  “Our vision for the Digital Innovation_and Integration Center of Excellence is to be the premier provider
of advanced digital solutions to the Air Force. We will be digitally capable, fostering a culture of innovation,
and be at the forefront of digital engineering advancements that provide the Air Force with integrative
solutions for a decisive advantage in the digital battlefield. We will enable our team of experts to push the
boundaries of what is possible and develop solutions that drive real value for the warfighter and the nation.
Our center will be a hub of connection and knowledge sharing, attracting the brightest minds and fostering
partnerships with industry and academia.”




DIICE: Four Lines of Effort with DTO

Alignment

TOOLS

new tool sets and
environments deployed
quickly and affordably

ARCHITECTURE
agile and flexible weapon
system designs and models

DTOs Priorities

AFITs LOES

LOE 1: Educational Excellence

LOE 2: Research and Technology Transfer
LOE 3: Consulting

LOE 4: Best Practices

CULTURE
beliefs and behaviors aligned to
embrace digital innovation

TRAINING
relevant, high-quality
educational content
in optimal formats

STANDARDS
consistent data management

frameworks and communication

LOE 1: Education Excellence

LOE 2: Research and Tech Transfer

LOE 3: Consulting

LOE 4: Best Practices

Culture Tools Architecture Training Standards
1 2 2 1 2
2 1 1 2 2
1 2 2 2 2
2 2 2 2 1

Legend: 1=Directly creating and shaping outcomes, 2=Influencing outcomes




DIICE SWOT Analysis

Strengths
MBSE capabilities from EN/LS (Mature and growing) Weakness
DTO/AFMC proximity * Availability of MBSE SMEs
Dayton Digital Collaboration * Digital Approach is in its infancy, potential for high
(Govt, Industry, Academic) impact

Threats

Opportunities * Size of digital scope across acquisition lifecycle
Bring together AFITs multifunctional * Leadership turnover
centers/schools for synergistic impact (research, e Cultural challenges
education, consulting, best practices) * Availability of tools and architecture
Leverage DAF student research « Policy maturity




certlflcate & masters degree programs

Formal, digital literacy-focused training courses and
workshops

‘ Digital Acquisition Academy (In Concept) \
‘ Educational Enabler mm

Digital Doers
Road
Education




Digital Literacy — Continuing Education with AFIT/LS

Digital Acquisition & Materiel Management continuing education provided
by the School of Systems & Logistics (AFIT/LS)

e Primarily funded by SAF/AQH (DAWDA)
* "Digital" context in many existing courses and workshops

Highligchted education:

 WKSP 0732*: Current Topics in Digital Acquisition &
Digital Materiel Management

 Formal Courses & Workshops
 Educational Resources

e WKSP 0696* App|led MBSE USing SySML e Research & Con5u|ting
e SYS 282: Mgmt of the Systems Engineering Process

https:/iwww.afit.edul/ls |

e Avolve Learning Paths*

* - Free to eligible defense industry contractors Digital literacy at AFIT
https://www.afit.edu/DIGLIT/



https://www.afit.edu/ls
https://www.afit.edu/DIGLIT/

WKSP 0732: Current Topics in Digital Acquisition
and Digital Materiel Management

% of Students by Aquisition Functional Area

* Multiple offering, various topics

FM - 0.38%

TE-14.12%

* Over 700 students taught in one year
since March 2022

e Multifunctional student attendance
(see pie chart)

ETM - 37.48%

* Subject matter expert presenters bV - 26.18%

TE — Test and Evaluation

FM — Financial Management

ETM — Engineering and Technical Management
LG — Logistics

PK — Contracting

PM — Program Management

PK - 1.69%

LG - 20.15%




WKSP 0732: Current Topics in Digital Acquisition
and Digital Materiel Management

2022 Topics

Digital Acquisition Overview Awareness

Test and Evaluation within the Digital Transformation
Introduction to User Experience (UX) Design

Digital Acquisition and Risk Management

Modeling and Analyzing System Requirements

Unified Architecture Framework (UAF) Versus the Department of
Defense Architecture Framework (DoDAF)

A Short Introduction to the Unified Architecture Framework (UAF)

Using the Systems Modeling Language (SysML) within the Unified
Architecture Framework (UAF)

Updates on Digital Engineering and Test & Evaluation from the DE
T&E Summit

Parallel Modeling Networked Cooperative Autonomous Munitions
Model-Based Request for Information Strategies

2023 Topics (Currently scheduled thru May)

An Agile Mindset and Manifesto

Acquisition / Engineering Transformation &
Modernization

Risk & Requirements Collaboration in Digital Materiel
Management

A Short Introduction to the Unified Architecture
Framework (UAF) v1.2

Using SysML for Requirements Management

A Systems Thinkers Look at the Digital Transformation
DAF Digital Guide Website Review

Design Trade Studies Using SysML

Agile Model-Based Systems Engineering

Using Avolve for Digital Transformation Education

Using Avolve for Digital Transformation Education
Development of a Model-Based Framework on User Toolkits
A Systems Thinkers Look at the Digital Transformation
Model-Based Monte Carlo Simulations

To sign up for an offering(s), go to https://forms.osi.apps.mil/r/UXuQfpZM64.
This sign-up form is accessible via DAF365/AFNET.

Recordings of some previous offerings are found on the Avolve website at
https://avolve.apps.dso.mil. Type in the topic name in the search bar.



https://forms.osi.apps.mil/r/UXuQfpZM64
https://avolve.apps.dso.mil/

WKSP 0696: Applied MBSE Using SysML

* Hands-on intro for all functional career fields

e Teaches foundations of how to create and use a system model using the
SysML language and the CATIA Magic Systems of Systems Architect (formerly
Cameo Systems Modeler) tool

* https://www.afit.edu/LS/course.cfm?c=353

Location Offering # Start Date End Date ;M Threeb Pin;rs of MBSE x| & Benefits of SysML| & Relationship Map
g Wi 0O & - BE-8-%%-7Q
WPAFS, OH 231 14 Mar 2023 15 Mar 2023 £ ['bdd [Package] Three Pillrs of NBSE[ Three Pillrs of MBSE ] J
Live Internet 23] 04 Apr 2023 07 Apr 2023 o, (o
off (| T
Live Internet 23K 02 May 2023 05 May 2023 l «block»
WPAFB. OH 23L 31 May 2023 01 Jun 2023 B Model-Based Systems Enginnering Environment
’ (=}
Edwards AFB, CA | 23M-O 21 Jun 2023 22 Jun 2023 = I I I
= dMa ftw hi
Live Internet 23N 25 Jul 2023 28 Jul 2023 2 R il SIERLES
& «block» «block» «block»
WPAFB, OH 230 29 Aug 2023 30 Aug 2023 2 Method Tool Language
Live Internet 23pP 19 Sep 2023 22 Sep 2023 a! G G



https://www.afit.edu/LS/course.cfm?c=353

SYS 282: Management of the Systems Engineering
Process

* Presents activities and tools for implementing and managing the SE process
during various phases of the system life cycle, and the interactions between
SE and all disciplines/functions

e https://www.afit.edu/LS/course.cfm?c=85

SE “V” to DE Diamond

Location Offering # Start Date End Date
Kirtland AFB, NM [(23G-O 21 Mar 2023 23 Mar 2023
WPAFB, OH 23H 11 Apr 2023 13 Apr 2023
Tinker AFB, OK 231-0 18 Apr 2023 20 Apr 2023
Live Internet 23) 01 May 2023 19 May 2023
Lackland AFB TX |23K-O 06 Jun 2023 08 Jun 2023
Edwards AFB, CA [23L-O 27 Jun 2023 29 Jun 2023
Robins AFB, GA 23M-0 11 Jul 2023 13 Jul 2023
Offutt AFB, NE 23N-O 08 Aug 2023 10 Aug 2023
Peterson SFB, CO (230-O 22 Aug 2023 24 Aug 2023
Live Internet 23P 11 Sep 2023 29 Sep 2023

Digital Twin
wl repregenlafive af

DE empowers a paradigm shift from traditional Design-Build-Test to a Model-Analyze-Build method to
enable Prgs to prototype, experiment & test solutions in a virtual environment before fielding



https://www.afit.edu/LS/course.cfm?c=85

A AVOLVE

A AVOLVE
A HoME RECOMMENDED CONTENT BASED ON YOUR HISTORY  From Your Hubs
pprm— Attt 3
US A Forea Dighst
Y COMMUNITY HUBS o
 LEARNING PATHS el L.
B PavusTs

USAF Digital Enterprise

Mark Reith » 3yearsago  6views

Q Cyber Intermediate Video Seri
P Mark McDonald » 8 months ago » 9 vie

]

SYs482
Chief Engineer Course

CEID

Open Architecture Module_ 2, Lesson 5, Systems

Management Office.. Definition
Robert Bond » 6 months Mark Lacerenza » 3 month ago «
10views 1views

LEARNING PATH RECOMMENDATIONS
Foundations of ®
Creativity and
Innovation

o Bsteps )

Introduction to @
Risk Management

« Content organized into domain

& “tag” searchable

&

Systama Modling Language Syl
“Retiiey Dungram

SysML Activity Diagram

Jeffery King « amonthago « 3views

JK

MICAP and High Priority Pull
Alerts “How-To" Guide

e

Microsoft PowerPoint - How
To Guide High Priority Pul
Chistopher Ford » ayearago »
10views

Configuration @
Management for

Beginners 11 steps

2hours 15

o minutes

Applying a Probabilistic 88
Bow Tie Analysis

W 1035
Applying a Probabilistic Bow
Tie

Clayton Wikion » 3years ago »
43views

5 crROWS
'Q“’/t RINTERMEDIATE VIDE SERIES

5:50

e

SSE
G Cyber Intermediate Video Seri
&P Mark McDonald » 10 months ago » 21

Foundations of
o ®

Development
3 steps

(/) 2 Hours

https://avolve.apps.dso.mil

(Note: 1t login requires setting up a Platform One & Avolve account)

An Overview

15MB

AFVentures Overview
Justin Carl » ayearago » 116 views

Department of the Air Force
KA Pamphlet (DAFPAM) 63-12...

Kara Allson « 2years ago » 1views

AFWERX Open @
Topic SBIR/STTR
Evaluator Training

10 steps

“hubs”

« Knowledge-centric vs. Organization-

centric

« CAC authenticated — IL-4 certified

A

A HoMmEe

£ MY LIBRARY

P COMMUNITY HUBS
QD LEARNING PATHS

3 PLavusTs

AVOLVE

Content sharing application with
Netflix/YouTube-type of look & feel

Crowd-sourcing of content, increased
accessibility to DoD-focused content

A Richard
o \

Related Content

The New Digital Mgmt of
& Air & Space Force Weap...
Ric ago e

THE NEW DIGITAL MANAGEMENT OF
AIR AND SPACE FORCE WEAPONS SYSTEMS

Rob Roseman » 5

Digital Acquisition

4
N7
«Qr

U.S. AIR FORCE SPACE Fi

AFIT content supporting
@ the Digita
Richan

Acquisition Transformation:
Digital Awareness and...

AFIT School of Systems and Logistics

m @ o - 4 days ago

> 9 o
The New Digital Mgmt of Air & Space Force Weapon Systems 9 Likes
Companion Guide to
' AFIT's New Dig Mgm!

Richard Sugarman » a year

UPLOADED BY:

.a Richard Sugarman
\ A
Find out what “digital” means to the Dept of the Air Force, and why we need to move to

AUTHORED BY:
AFIT/LS

I s14ke

31 views

Using words and static pictures to describe a component is not enough. With the shift to True Digital, we are giving birth to systems within virtual environments that can

be manipulated in 3D, and even through the dimension of time, by running simulations and using this data to move forward with timely and cost-saving production and
strategies.


https://avolve.apps.dso.mil/

Sducation
ane Traning

Learning Paths

Guided Educational Resources

Acquisition Transformation: Intro to Modular Open

e Curated paths of content designed to Digital Awareness and... Systems Approaches
support Agile Airman concepts g AFTSchooloft. @ g AFTschoolof. o

a month ago a month ago
* Learner-centric
Path Description Learning Path Steps
Y CO m p ete n Cy_ b a S e d iiism S o Transtomaton : Select a step o navigate to content
. . e o e it ® 1. whypigital and Now?
* Accessible anywhere/anytime

subje: 3 «
https://usaf.dps.mil/teams/afmcde. H 2. Where to begin? Information & Tools Overview

3. Digital Acquisition Benefits and Tools impacting Cost,
Schedule, & Risk

Learning Objectives P

* Three Digital-related Learning Paths

= Contrast available reference information and tool applications

L)
available now:
L] . W sformed Acquisition Benefits have been achieved to date on select programs

s Learned & Succe: ories from several programs who are transforming their

e Acquisition Transformation: Digital |- - Y—

Awareness and Overview
+ Intro to Modular Open Systems Log into Avolve at https://avolve.apps.dso.mil

Approaches Click on Learning Paths on left-hand menu

‘ 4. Lessons Learned and Success Stories

’ZM‘J 5. Digital Guide, Guidance & Policy

* Foundations of Aglle and DevOps If you do not have CAC-access, can still learn more about

Avolve at: https://www.afit.edu/CYBER/page.cfm?page=1849



https://avolve.apps.dso.mil/
https://www.afit.edu/CYBER/page.cfm?page=1849

LOE 1.2: Graduate Education - Systems Engineering

Systems Core Thesis
4 Classes 3 Quarters

4 hours each 4 hours each

Research Tools Specialization
2 Classes 3 Classes
4 hours each 4 hours each

Modular Master's Degree
Fully online/residence
Digital/modeling core

7 domain specializations  Global Reach to Total Force:
Thesis/Capstone options
Defense focused
 Certificate option

Contractor Enlisted

By the Numbers:

2003 to 2022: 1009 grads
AY 2002: 1 grad Civilian
AY 2022: 108 grads

« 3 PhDs (1res, 2 part-time)

27 MS Thesis (19 res, 8 part-time)
« 27 ME Capstone (20 res, 7 part-time)

« 51 Graduate Certificates (SAF/AQ Sponsored)

Officer

Model-Based SE Foundation with Defense Specializations and Research

5/16/202

22



Systems Engineering (GSE)

Independent Research Focus (Thesis)

SE Foundations Systems Core Thesis ITheSiS_ R
(SENG 520) ntensive independent
Agile Software 4 Classes 3 Quarters [N
(SENG 593) 4 hours each ARG INTEN-EIgW |everaging toolsets
Architecture gained through
(SENG 640) coursework.
Select One:
Advanced Topics
(SENG 670)
Project Management
(SENG 610) Specialization
Human Systems
Space Systems
Cyber Systems
. Advanced Systems Analysis
s&;;?;tE:STAT at 500 Small Unmanned Aerial Systems*
or higher Research Tools Specialization [N
- Test and Evaluation**
Research Methods 2 Classes 3 Classes
(RSCH 630)

4 hours each ol IU[dWLIal *  In-residence only
**  Separate selection process




Applied Systems Engineering

Tools Focus (Capstone)

SE Foundations
(SENG 520)
Agile Software
(SENG 593)
Architecture
(SENG 640)
Select One:
Project Management
(SENG 610)
Advanced Topics
(SENG 670)

Statistics

MATH or STAT at 500
or higher

Analysis Track (pick
one)

Advanced System
Analysis

Test and Evaluation**

Systems Core
4 Classes

4 hours each

Analytical Tools
1 Stat + 3 course track

4 hours each

Capstone Project

1 Class
4 hours

3 Classes

4 hours each

Capstone
Independent research
project leveraging
toolsets gained
through coursework.

Specialization

Human Systems

Space Systems

Cyber Systems

Advanced Systems Analysis

Small Unmanned Aerial Systems*
Navigation

Test and Evaluation**
Nuclear***

*  In-residence only
**  Separate Competitive Process
**% ASE program only



How long does it take? How many students?

40 RS SE Core/Certificate STAT Domain Track Analysis Track Capstone
40 DL SE Core/Certificate STAT Specialization Methods Thesis
20 DL SE Core/Certificate Degree Follow-on to meet student’s needs
20 DL SE Core/Certificate Degree Follow-on to meet student’s needs
20 DL SE Core/Certificate Degree Follow-on to meet student’s needs

e AFIT resources (RS): We have 40 resident (RS) openings each fall. Priority to military assignment system.

* AFIT resources (DL): We have 20 distance learning (DL) openings each fall. Priority to any sponsored students.
* AFMC/ENS (DL): 20 openings each fall and spring (40 total). Priority to AFMC sponsored personnel.

* Digital Center (DL): We have 20 DL openings each Winter and Summer (40 total). Priority to AFMC.

e Total annual starts: 140
* Year round quarterly starts for online, fall starts for in residence



Who can legally be an AFIT student

 Air Force and Space Force Personnel (all civilian and military)
 All federal government (ex. NASA, DOE, DHS)

* Any DoD CAC holders (ex. Air Force contractors)

e Critical infrastructure (ex. ODOT)




Would you like to know more?

*(937) 255-3636 ext:4626
e https://www.afit.edu/ENV/



https://www.afit.edu/ENV/

LOE 2: Applied Research

eSS il
* Model Integration * Transition: Legacy to Digital Tt I“ .
* Python * Air Worthiness and Test |
* AFSIM * Requirements and Acquisition
- MATLAB * Model Validation 1
* Engineering Sketch Pad
* Reference Architectures ¢ Mission EEP‘
* Human Systems * Mission engineering
* Weapons, UAS, CubeSat * Wargaming
* Automated Processes * Reverse engineering .
- Digital Twins o il

5/16/2023 o .



LOE 3: Consulting Development Art of the Feasible

DOES THIS APPLY TO 1. Structure _2. Behavior

IF YOU GIVE SOMEONE IF YOU TEACH SOMEONE ibd [plozs; Aot-iockContoter | [Tatates
A FISH, YOU FEED THEM # HOW TO FISH. YOU FEED THEM MBSE Daem Plock Dhose) s e Siomes
FOR A DAY. FOR LIFE. arbaumsce | diTractonDetecor =  d2:BrakeModuistor

INTEGRATION?
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LOE 3: Consulting

’ 1 DIICE Consulting Group
Cost of Process Definition- v
Infrastructure cost- E ’
Training Cost- Eﬁ |
Model Development- %S
Model Verification- é : | w— MBSE
Model Curation- E , s Traditional SE
Configuration Management- . |
Factors related to ° 6 2 4 6 3 10
MBSE investment Conceptual Design Preliminary Design  Detailed Design Manufacturing and Acquiskion

Time

Ref: Madni, A. Purohit, Shatad (2019) Economic Analysis of Model-Based Systems Engineering. Systems, 7(12), 1-18

-Early Defect Detection
-Reuse

-Risk Reduction

-Improved Communication
-Usage in Supply Chain
-Product line Definition

-Standard Conformance & Traceability

Factors related to
MBSE Gains

ONE BIG GOAL

Goal — Provide AFMC
Programs the means to get
over the digital hump by
delivering models, education,
and strategies to the level
they can sustain.



LOE 4: Best Practices

* LOEs 1-3 culminate into Best Practices from DIICE and integrate them with others into
the Digital Guide

e Useful Artifacts

* Best Practices are created through Research Efforts, Use Cases, Education, and synergized
Collaboration with Industry, Government, and Academia that inform future efforts, policy,
standards, education, and research.

* Annual Publications and Repository of Accessible MBSE Research (Typology, with Artifacts)

32

= : d," ’.
5/16/2023 i U 2 ll :

https://blog.contendersolutions.com/5-it-management-best-practices-for-success-2021



Last thoughts
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Fig. 1. The supply chain management framework in 2000 (Source: Lambert & Cooper, 2000 ).



SYSTEMS ENGINEERING



Air Force Institute of Technology Bé{AFIT

Use of MBSE and a Reference
Architecture in a Rapid Prototyping
Environment

John Colombi, Ph.D., john.colombi@us.af.mil
David Jacques, Ph.D., David.jacques@us.af.mil
Professors of Systems Engineering
Department of Systems Engineering and Management
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The views expressed are those of the authors and do not
reflect the official policy or position of the United States Air
Force, United States Space Force, the Department of
Defense, or the United States Government.

Acknowledgement to our many students
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A Reference Architectures BéfAFIT

= Definition: “An authoritative source of information about a specific
subject area that guides and constrains the instantiations of multiple

solution architectures”.”

= An RA is typically company/consortium or domain focused, captures a shared
understanding across multiple products, and are based on concepts proven in practice

DoD Reference

= Roles:**
= Provide a common language across stakeholder
= Provide consistency of implementation
= Supporting the validation of solutions against proven RA
= Encourage adherence to standards, specifications, and patterns

*Office of the Assistant Sec. of Defense, 2010, **Cloutier, et.al., Systems Engineering, 2010



/A Contents EéfAFIT

Architecture . s
Federation Strategic Principles ] ]
e Purpose = — Historic
- San] = pE——
t el | \ Generally
RT_B  eusy — | e Purpose, Logical Structure
o - 2 * Interconnection and Interface Patterns
AV-1 (Overvi d OV-1 (Concept - .
S(;ur\;\errr:na?;'; & Consumer & Provider) OV:ﬁ (Ofﬁe;:ﬁgnal Standards
ules e
. * Glossar
N Patterns f Technical y
| | Positions
— | Modern
OV-5a (Activity t ——— | ' Historic +
D iti = vent-irace . .
seompestion Description) SIdV-1 (Standards Distributed for DE Tool use
T Profile) . .
—— Style Guide, Report Generation
Vocabulary |— “======--= AV-2 (Integrated : :
\ === ="~ Dictionay) / Component Library, Requirements
. Design Method/Activities

Validation Suites/Rules
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Meisson and Volsard - RA for Early Warning for disaster management

Lots of Reference Architectures (RA)

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Kruize, Wolfert et.al. - RA for development of Farm Software Ecosystems
Branscomb, Paredis et.al. - RA for Vehicle Architecture Modeling Framework

Behere, Torngren et.al. - RA for cooperative driving
= Guidelines for cooperative adaptive cruise control system for commercial trucks

eeeeee

Configuration

ers Agri-Food Company

nnnnnnnnnnnnnnnnnn

configured ICT component

(=]
| |E
g &

ooooooooooo

World Model
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&

 Autonomous System Reference Architecture (ASRA)

 Models and simulation developed, implemented and tested in conjunction with AFIT
Autonomy and Navigation Technology (ANT) Center

 Distributed, collaborative heterogeneous multi-vehicle missions

 Reference Architecture for CubeSat Development

Models that serve as basis for design, analysis, V&V of future missions launched by AFIT
Center for Space Research and Assurance (CSRA)

« Small UAV Reference Architecture
« Models for use in UAS design sequence (design-build-test)

« Typical use cases, functions, logical and physical architectures (multi-rotor, fixed
wing and hybrid), COTS component library + Extensions
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CubeSat Reference Model EégAFIT

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

= Kaslow, Ayres, et.al.* - MBSE Reference Model for development of Cubesats

Partnering with the Object Management Group (OMG) and the International
Council on Systems Engineering (INCOSE)

Help Cubesat developers proceed from conceptual need to on-orbit operations

pkg [ Model Organization
z = |
CD ntaln me nt I 1 T Goildance 2 - CubeSat Component Library %F
; ' —~ —_—
= E B wQ & - 1

How-To Guide LB =5
=~ [2] CubeSat Reference Architecture e i | logza
IZ'_—I l B G ; | d Ance L AFIT%U o | = }Il:ast m:.:e:.by ;/(18"121 7:23 PM
E 2 - CubeSat Component Library Gutn.do ¥ | Tiercidelioitseies. |
=[] 3 - Generic CubeSat Model - ‘ P e, ‘
AFIT Validation Rules

51 1 - Requirements
51 2 - Structure

Ej 3 - Behavior 3 - Generic CubeSat Model | | 4-CuLeSatPhyslcaIModels
514 - Analysis l —/ ‘

515 - Document Generators r \ "
B Index &

[ ] 4 - CubeSat Physical Models ’ ‘ rr— ‘
[] ASYS 531 Team Name

[] Grissom ProxOps Model
[] Grissom-2 Model
— 34 Model Organization B

l |

‘ Grissom ProxOps Model Grissom-2 Model

5- DocumentG nerator:




Requirements

ZReau 0 e
Source Documentation:

Required Capabilities and Design Constraints:
{zRequired Capabilities Table

—IMission Need Statement
—|Operational Context

f= Goals and Objectives Tabl
Stakeholder Analysis:

fizr List of Stakeholder Needs

“=_Stakeholder N MCD Matrix
Mission Requirements:
man_Bg_qumemgms_T_amg

. Mi R T ility Matri
D Mission Requirements Derivation Matrix

Key Performance Parameters:

fizr Key Performance Parameters Table
“._Key Perf P T il
Matrix

System Requirements:

@Sxaem_aegummemﬂam
. Tr: Matrix

Subsystem Requirements:

diz Subsystem Requirements Table
D Subsystem Requirements Derivation Matrix

Support Student Workflow

Index of most important efforts
(and diagrams)

Structure
S Mission Context bdd

Mission Context:
¢ Mission Context

Operational Domain:
iy tional Domain bdd

Environment:

& CubeSat Environment bdd

CubeSat:

55 CubeSat bdd (additional layers linked within)
$7'CubeSat State Machine

Launch Vehicle:

#x Launch Vehicle bdd

Ground Segment:

4 MC3 Remote Ground Terminal bdd

Orbit:

2 Mission Parameters bdd

Behavior
—l-l B I - Q . I.

OoV-1:
)0V1 - High Level Operational Concept

Mission Phases:
£, Mission Phases
“**Mission Phases

Use Cases:
#o Operational Use Cases

| ription

Fault Management:

¢ Eault Management

" Fault Management

CubeSat Activities:

¢ CubeSat Mission Activity Decomposition

_ Analysis
2 Analysis O —
Trade Studies:
i Trade Studies

Verification Analysis (parametric diagrams):
5 Thermal Analysis Model

o Power Analysis

o Image Quality Analysis

5 Orbit Analysis

o4 LMMT Integration

o Uplink Analysis

Hardware Tests:
&% Hardware Tests
#= Subsystem Requirements Verification Table

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Document Generators

2D G 0 Lzaiti
Mission Capabilities Document (MCD):
(. Mission Capabilities Document

Stakeholder Analysis Report (SAR):
[2], Stakeholder Analysi rt

CONOPS:
L1 CONOPS

Mission Requirements Document:
Operational Requirements Document:
Space Vehicle Requirements Document:
Test Plan & Report:

[), Test Plan & Report Elements

Generic Model Template:
[}, Generic Model Document
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-[1 1 - Guidance
[ AFIT-specific guidance

System Modeling Guidance

i} CONSTRAINTTYPE
=[] How-To Guide {1 DIAGRAMNAME
i:'__| Process {1 ENTRYEXITNAME
L5 Rues L o
[ Validation Profile I} PARATYPE
Eﬁ Rules i} SIGNALNAME
-I- [u] Behavior Diagrams :: gﬁzﬁssmm
[u] Activity Diagrams 1} USECASENAME
[u] Use Case Diagrams {} VALUENAME
- [u] General Rules VALUETYPE
— [u] Diagrams
— [u] Distribution
— [u] Element Colors
— [u] Glossary
—[u] ID Naming
— [u] Language and Method
— [u] Naming
— [u] Packages
— [u] Units

B

= [u] Requirement Diagrams and Tables

B [0 Requirement Diagram/Table General Rules
= [y] Structure Diagrams

[u] Block Definition Diagrams

[u] Internal Block Diagrams

f— [ SysML Diagram Types
—|t55 How-To Guide Navigation

CubeSat Modeling How-To Guide.docx

Validation Profile

CONSTRAINTTYPE

DIAGRAMNAME
ENTRYEXITNAME
OPERATIONNAME
PACKAGENAME
PARATYPE
SIGNALNAME
STATEMAME
STMACHINENAME
USECASENAME
VALUENAME
VALUETYPE

["] Completeness
[ Completeness
[ Completeness
[ Completeness
[ Completeness
[ Completeness
[ Completeness
[] Completeness
[7] Completeness
[ Completeness
[ Completeness
[ Completeness

] Activity
4] Actor
B Block [Class]

NotEquals1
Motl
NotEquals1

[2) ConstraintProperty [Propert, Notl

[¥] Diagram

] Pseudostate
& Operation
4 Package

4 parameter
£ signal

4] State

|.¥] StateMachine
] UseCase

ValueProperty [Property]
[¥ ValueProperty [Property]

General modeling
conventions and style

rules

How-to guide
provided

MNotEqualsl
Qrl
MNotEquals1
MNotEquals1
IfThenElsel
NotEquals1
or2
NotEqualsl
NotEqualsl
MNotEqualsl
Notl

arror
arror
error
error
error
error
error
error
arror
arror
error
error
error
error

error

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Activities must be named.

All Actors must have names.

Blocks must be named.

Constraint properties must be typed by constraint blocks.
Diagram names may not be blank.

Entry and exit points for state machines must be named.
Operations must be named.

Packages must be named.

All parameters owned by operations must be typed.

All signals must be named.

States must be named.

State machine names may not be blank.

Use Cases must be named.

Value properties must be named.

Value properties must be typed by value types.

10
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 Trade studies

* Analysis patterns for MATLAB/

STK integration
« Hardware testing workspace

-[] Thermal analysis instances
= test run : Thermal Analysis
© alpha = 0.82

® Ap_max = 0.06 m2
© Ap_min = 0.02 m2
® Ap_nom = 0.036 m2
© Ar=0.22 m?

® c = 460.548 J/kg*K
® eps = 0.51

® h = 600.0 km

® m=10.857

= 398600.4418

Analysis and Reusable Patterns

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

: CubeSat

| totaimass : mass{kg] N

" : Thermal Subsystem

Ap_min
Ap_min : size[sq m]
Ap_max
Ap_max : size[sq m] | |
Qin_scl
power
powerinSunlight : powar[watf] Gin L
Ar

radiatingArea : slze[sg m]

emissivity : Real éps |

[
C_p specific haat : specific heat capacity[Cp] |.

=12.6

® Qin_ecl = 17.2975
& Re =6378.0

- E9 Thermal Analysis

wconstraints : Orbit
: Thermal Analysis o
Ll
{%% Constants || - dl Teral
§ = 1353; %WIm*2 Salar flux— altitude : distancefkm] | . o 0
5_ecl = 0; % Solar flux in eclipse
%% Varlables — P perlod : ti ]
albedo = 0.33; % average Earth albedo
% surface treatment
% hitps:/fwww tiodize comiemissivity! N - N N
% values for Typa || TIODIZE PROCESS coatings : Common constants for analysis
%% Pericd and Eclipse Calculations -
rho = asin{Re/(Re+h)); —] mu_earth : km*3/s*2
TE = round{rho/pi*P); % Eclipse time (minutes) o]
TS = P-TE; % Sunlit fime {minutes)
- Re .
%% Thermal C: jons 1o state during nominalops |- | earth radlus: distancefkm]

To = 253.15; %

K - Initial temperature estimate

5_a = 571+albedo); % Solar flux with Albedo added. Assumes albedo affects only in sunlight

diff = 1;
step = 0

while diff > .25
step = stap +1; %orbit countar

“Integration over sunlit conditions

tspan_sun = [0 TS*60];

options = odeset!'RelTol’ 1e-9,"AbsTol', 1e-3);

L Figure 1
absorbingArea : slze[sq | 1
_ File Edit View Insert Tools Desktop Window Help % File Edit View Insert Tools Desktop Window Help ¥
weottityl L o W e @ OB L [E jede @ 0E & [E
14 IEquilihrill.l'n Tem.l)eralura vs Time - Temperature Profile with Sunlit Falak Pﬂwelrvs Tim.'
— LI Sunlit
Eclipse — Paak Fowsar
Eclipae
12 -1 30 -
(%]
g0 — 25 -
H
g l 2
U, §
£ ar - §20 -
3 £ g £
g H 5 i
Zoer 3 ] e 3 |
= L
2 5
=1 -
ERN - I wl g
&
R [N
EPS Requirements EPS Tests . | ’ | L
«Subsystem_Requirement» % 1w = = a0 =« 1 @ @ i % 1 m = @ @ e %
Mass Time sinca axiting eclipsa, minutes Time since exiting eclipse, minutas
«activity» __ _averify» N Id ="EPS-1"
EPS Test 1 - Weigh Components risk = High
B Text = "EPS Mass

Requirement text"

VerificationStatus = Verified

verifyMethod = Test

11



: STK Scenario Parameters

stkVersion : real = 12 }

Payload Analysis Tool

stkVersion

scenarioName : String = GrissomMission

scenarioName

scenarioStartTime : String = 11 Jul 2023 12:00:00.000

scenarioStartTime

scenarioStopTime : String = 18 Jul 2023 12:00:00.000

scenarioStopTime

: Orbit

k

semiMajorAxis

HE EE N

semiMajorAxis : distance[km] = 6871.0 km I

eccentricity : Real = 0.0

eccentricity

inclination

inclination : degrees[angular] = 60 deg

argumentOfPeriapsis : degrees[angular] = 0.0 deg

argumentPeriapsis

RAAN : degrees[angular] = 0.0 deg

RAAN

trueAnomaly : degrees[angular] = 0.0 deg

trueAnomaly

E E EEES

: AFIT MC3 Remote Ground Terminal

facName : String = MC3 AFIT i

facName

facLatitude : degrees[angular] = 39.782 deg

facLatitude

facLongitude

=

]

facLongitude : degrees[angular] = -84.0832 deg i

| visualizeSimulink | visuaizeResutsFigures
L] [
«constraint»
PAT : Payload Analysis Tool

4\

{IntegrationScript}

MATLAB Script

( |

Simulink

(5)STK

Y
=

Stateflow

7
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: Analysis Context

| Create_Scenario

maxSAPowerGen

minSAPowerGen

maxDoD

SunSafeStatus

maxBuffer

MemoryLimitStatus

| maxTorque

cminTorque

maxRPM

H E B EH B E B B B B =

RWALimitStatus

SurvivalStatus

.

« Currently verifies compatibility and constraints associated with multiple
payload, power and data storage/comm
« Research adding support for propulsion
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Document Generators

| [ |

Stakeholder Analysis Report Mission Requirements Document Generic Model Document
7 ) _ ) 7 |
SAR elements MRD elements = Generic Model Document elements |
Stakeholder Generic Model
Analysis Report - Mission 1= Document
e Requirements g l!ig"

Document

[ E—

—L —— S

CONOPS

B j |
COIIIOPS CONOPS elements

[

|

Operational Requirements Document

_—

ORD elements |
Operational 5
Requirements L
Document

Space Vehicle Requirements Document R SRatietes Document
T . I
g [DOCX)

@2 | reepis MCD elements

oG SRD elements Capabilities
Spacg Vehicle Document B
Requirements = .
Document ®o

|
Test Plan & Report

]

DOCX] Test Plan & Report elements
Test Plan &
Report Elements &
o

Automatically generate stakeholder
documentation from the model using

Apache’s Velocity Templating Language

Concept OVerview .......

Space Vehicle.

Table of Contents
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Orbit & Ci

Launch Vehidle.

Mission Operati
Ground Station

Mission Phases
Pre-Launch.

Introduction 9
Mission Need 9
Operational Context 9

[= g9

Design C; 9
Goals and Obj; 10
Reference Documents. 10
REGIUITEITIEIES 1 1uvuumasssassesvsserasssnssesssssssnsmssnsasessssa seesmsnemessse s et e bt ek e bbbt s semmmasae et eeseber b s b et e 12
Analysis. 12

Stakeholder Needs and their Concern: 12
Needs 13

Needs to Concerns Matri 14

Stakeholder Needs to MCD Matrix, 15
Mission Requi 16
Mission Table 16
Mission Requirements Derivation Matrix 23
Mission Requirements Traceahility Matrix 25

System Requir:

System Requirements Table

Lounch & Early Operations......... System Requirements to Missian Requirements Traceability Matrix
Operatianal
Decommissioning 36
Fault Reguirements Derivation Matrix. 50
Loss of Comm
Loss of ADC! Key Performance s 53
Loss of Thermal Control ........ Structure 54
SUN SFE oo emers s e :
Survival Operational Context Diagram 54
Concept . .
Support Concey Operational Domain 56
Operational Scenarios.
Separation & Deployment...... 57
ialaation- Orbit 58
Initial Acquisitior
Bus Checkout Launch Vehidle. 59
Payload Checkout
Transition te Operat Ground 61
Bus i
Perform Missien CubeSat 64
Ground Station Pa ADCS 68
Decommissioning ... CA&DH 69
Operational Use Case: G " 7
Use Case Descri Payload 74
Space Vehicle State: EP. 77
Space Vehicle State Machine Propulsion BO
Space Vehicle State Descriptions Software 81
Space Vehicle State Transitions... Structure & Mechani 82
Analysi: Thermal 82
Constellation Design Trade Study . BERAVIOT oottt st b e s b s R e e 83
Launch Vehicle Trade Study......
Cost Estimate
Mass Budget. 102 I
Power Budget. 102
RF Link Budget 102
102
Verification 103
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Instances/ Applications of CubeSat RA 2%fAFIT
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- - pkg [ Model Organization ] —
v v = i (50 Dk gy —
E‘-ﬁ} %‘? E? ﬁ Q 'a | S Ol 2 - CubeSat Component Library W I T
E-[2] CubeSat Reference Architecture e t . iy yr
EI ]_ - G U id dnce e e gridance CubeSat Component Library Diagram name: Model Organization
- =) T Last modified: 1/18/21 7:23 PM
[ 2 - CubeSat Component Library . - . Tostmoteaty:[aely
- low-10 &—
= IZ__l 3 - Generic CubeSat Model .o This model is UNCLASSIFIED.
. DISTRIBUTION A. Approved for public release:
E:‘ 1 - Re quirements - distribution unlimited.
AFIT Validation Rules
&1 2 - Structure
. B
&1 3 - Behavior
. 1 [
Ej 4 - Analy5|5 3- Generic CubeSat Model 4 - CubeSat Physical Models
£1 5 - Document Generators - = o -
- Requirements = ucture ssom FroxUps e rissom-. odel
|ndex 1- Requirement 2- Structu Grissom ProxOps Model | | Grissom-2 Model
. w2l & i =
[] 4 - CubeSat Physical Models — —
3 - Behavior 4 - Analysis
) &
D —
5 - Document Generators
- £ Model Organlzatlon &
L
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Small UAV Reference A

“Practice what we preach”

Start class with Reference Architecture

rch

lterate/ update model over 3 courses track (Design, Build, Test)

slayoutTenplatey
Content Diagram SUAS Reference Architecture[ [ig

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Model Organization |

Learn Agile/ Rapid prototyping
Use model to:

« analyze requirements,

« perform sizing analysis (weight, battery, sensor/payload, etc),
e document PDR (functional),

« conduct CDR (function, physical, I/F),
« trace test planning

« Update Tech Perf Metrics/ Risk

« Support TRB/SRB,

« System Verification Review (SVR
 Research in DE/MBSE

Version Notes

V8o
- Regenerated model to incorporate
- Reorganized, restructured, and modfied Component Library
- Incorporated Pettit's Cybersecury Reference Architecture
(PCSRA) for UAS

Added model glossary
- Created Logical model fromfixed-w ing example and left
multi-rotor example in the physical model
- Incorporated SIAC vaidation rules
- Build model in Cameo cloud to lock all logical component
they are not modified by each example and can therefore be
reused for addtional models

V7.0
- Converted to CSM 19.0
- Made changes to Content Diagramto show inner elements

V6.0
- Removed basi: fixed-wing systemmodel because an
example appears as part of RTS model, elimnates
redundancy and makes it easier to update constraints; a gas
engine fixed-w ing example w il be forthcoming (the
components are in place in the library, but constraint
equations and an exanple buid need to be added)

- created new packages under the component ibrary to
accommodate mission parameters and common const;
gravty and pi; moved specified and derived properties for
mssion parameters (arspeed, atitude, endurance, range.
bank angle and turn rate, etc ) to mission parameters instead
of keeping them under the top level vehicke block. separate
mssion parameters blocks for fixed-wing and muki-

e endurance constraint equation - now uses
stafic thrust power equation based on w eght, air density
number of motors and prop size; this fixes previous
inaccuracies on how these w ere being calculated
- added a coordinated turn constraint block to calculate bank
angle and turn rate from loiter radius and airspeed (for fxed:
hicles), NOTE' does not yet check to see f airspeed
akculated bank angle w il stal before sufficient ift is
generated

problemnoted under V4 for fixed-wing endurance
sing a single battery does NOT occur for the mut
endurance constraint, stl not sure w hy t occurs for the
fixed wing endurance constraint

Intial version deployed to student groups in SENG 550
Cleaned up some termnology and unt definitons
Problemnoted below (V3c and later) regarding endurance
and range cakul snQ 3 single battery reman
workaround battery implementation is to use a

mukipicity of se a mass for each bat

(mass of one battery)/2

- Wil start using number versions (e.g., 5.x) instead of mix of
numbers and letters

Built in SysML

- |
UAS Component Library
J !

’1 - Top L'svel Components 2- Ehvlronment 73: Actors

4-UAV Modules 5 - UAV Components TQZS Components

" UAS Logical Template Model

"1 - Requirements [ 2- éehavior

"Paiyioad components

7 - Mission Parameters 8- Comms Components

— 5
Constraints -

Constants Connectors (i
Com ponent Library

["a .Analyﬁs ‘

— |
UAS Cybersecurity Risk Assessment (PCSRA)

|
2 - Generate PCSRA Score

[ 1 - MisUse Cases

3 - Sub-metric Descriptions & Values | [ 4 - PCSRA Structure

5 & Supporting Elements ‘ [ 6 - Documentation

=)

7 - Instances

PCSRA Organization

[ Q_O_S.EM Process

]
UAS Physical Models

- J
UAS Physical Model-Fixed Wing

B

IJAS Physical Model-Fixed Wing SENG 650

UAS Physical Model-Multi-Rotor

«profies
OOSEM Profile
th

|
avalidationSuites
QOSEM Validation
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\%j Using the SUAS Reference Architecture ZRAFIT

= Students typically follow an Object Oriented SE Methodology
= Given draft CONOPS and draft stakeholder requirements
= CONOPS scenarios are refined with Use Cases; systems requirements defined
= Use Cases support functional decomposition, with traceability to requirements

= Functional allocation used to define a physical architecture (to include external
systems and operators)

= Test cases established for verification and validation

= Architecture models are “deliverables” at PDR, CDR and SVR (post flight)



Remote Targeting System (RTS)
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uc [Package] RTS Concept[ RTS System Use Cases ])

ll_E :/
& e ——————
Ground Operator

7
K’ 3
i
l\

RTS Use Cases

_~ Perform Setup

" Launch and Ingress

th

__«include»

— — 3~ PlanMission
{
th
F
- /7
/

«include» _ — —

~
-~

/
/[

-

Unrecoverable asset

Perform Search

th

7

— - /
“~ — _«extend» 7
~ &

arecoverable asset), ¥ — _

5 > self Destruct
L ey
\ﬁ —3 (Mnregoverable asset)

~

«include» —
-

-~

-

—T

Operator

e
o

/ Perform Surveillance

Unrecoverable asset

/

«ing

/
/
7/

Use Cases can be directly
related to Objectives or
Composite Behaviors for
Autonomous Systems
Software Agents

——(7

/ Target

(
)
\ exfension points
\ Unrecoverable asset

B

7 xextend» -~
-
e .~ (Unrecoverable asset)
7 - «extends,
P 7 e / (UnrecoveTaslg asset)
~
7 - /
s
VA - /
\1‘»# /
) / J
_J‘
o\ —

—A

= R
/ Egress and Recover
[ th

\ extension points
\ Unrecoverable asset
\

8

GPS




RTS: Activities

bdd [Package] RTS Activities [ RTS Actions ] )

GCS Functions

«activity»

Perform RTS Activities

wactivitys

Perform GCS Activities

«activitys

e
~|Perform ANV Activities |

UAV Functions

«activity»
Provide data comm with A/V

wactivitys

«activity» «activity»
Provide 1/O with Operator Process Receive Video

wactivitys
Perform controlled fit

q activitys

“TPerform A/P functions

wactivitys «activitys wactivitys
Display video Calculate tgt coord Conect to AV
«activitys «activity» «activity»
Display telemetry Construct MP “|Receive telemetry

«activitys
“|Display target coord
«activity»
“ Display MP status

2 wactivitys «activity»
“| Store telemetry Send cmd
«activity»
| Write MP

4 wactivitys
Receive MP status

Defines required system functions
down to level necessary for

specifying subsystems, componentry

«activity»
Auto land

«activity»

«activitys
Conduct BIT

sactivitys |

Initiate search

wactivity»
Perform A/V data comm

Perform surveillance

«activity»
Follow search pattern

!

«activity»
Provide video

«activity»
Detonate

wactivitys «activity»
Connect to GCS Capture video

«activity» «activity»
Send telemetry | Send video

«activity»
Load MP

3 «activity»
Report MP load status

wactivitys
Loiter

wactivity»
Navigate waypoints
wactivity»
Trigger ordnance

4,1

«activity»
Receive cmd

ZRAFIT
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RTS: Logical Vehicle Design
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bdd [Block] Air Vehicle [ Air Vehicle ] )

«blocks
Air Vehicle

cost : Real{redefines ¢
totalCost : Real{redefines
mass : mass[kilogram}{s

totalMass : mass]kilogram}(r totalifass, unit}

airframe |{subsets subCost, subsets subM ass}

«block»
Airframe

Length : mm : length{millimetre}{unit;
Ailerons present : Boolean = false
Flaps present : Boolean = false
Elevator present : Boolean = false
Rudder present : Boolean = false
Gas engine present : Boolean = false
Servos per elevator : Integer = 1
Number of motors : Real = 1.0
Retracts present : Boolean = false
Number of retract serves : Integer =0
Make and model : String

cost : Real{redefines cost]

totalCost : Real{redefines totalCo
L/D:Real=9.0

Elevons present : Boolean = true
mass : masskilogram] = 3.41
totalass : mass[kilogram}{

Wingspan : mm : lengthimlllir;letre}junn}

propelier |{subsets subCost, subsets subM ass}

«blocks
Propeller

Blade count : Integer

Diameter : m : length{metre] = 0.5{unit;
Pitch : length[millimetre}{unit}

Make and model : String

cost : Real = 10.0{redefines c
totalCost : Real{rede to
Effciency : Real= 0.8
mass : mass[gram}{red
totalMass : mass[gram}

motor |{subsets subC ost, subsets subM ass}

«blocks
Motor

KV rating : Integer = 340

Min cell count : Integer =6

Max cell count : Integer = 8

Max current : A : electric currentfampere] = 50.0{unit}
Max power : W : electric power{watt}{uni}

Make and model : String

cost : Real = 200.0{red
totalCost : Real{redefin
Thrust at mid throttle : grams : mass[kllogram} = 1.5{unit}

Current at mid throttle : A : electric currentfampere] = 10.0{unit}

Efficiency : Real = 0.85
mass : mass{kilogram] = 0.083{
totaliass : mass[kilogram}!

ESC

{subsets subCost, subsets subMass}

{subsets subCost, subsets subMass}
servo |2

«blocks

ESC

«block»
Servo

Min cell count : Integer = 2
Max cell count : Integer =
BEC included : Boolean

Max BEC current : A : electric currentfampere] =

0.0{unit}

Max current : A : electric currentfampere] = 90.0{unit}

Make and model : Stnng
cost : Real = 100.0{red
totalCost : Realire
mass : mass[gram}

totallass : mass[gfam] {redefin

unit}

totallass, unit}

values
Max current : A : electric current{ampere}{unit}
Torgue : kg-cm : Real
Speed : s : time[second}{unit}
Make and model : String
Digital : Boolean = false
Voltage Req'd : V : vottage[von] unit}
cost : Realired
totalCost : Real,rcm
mass : mass[gram}ire
totalMass : mass[gram}!

bdd reflects design choices to combine with stock airframe
(not including autopilot, comm, and payload, which are
defined in parallel branches




Common Components
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6 - GCS Com ponents

Pre-built component T e o o
. aphysicals elogicals «logicals alogicals
b I OCkS Wlth Stan d ard GCS Modem Algorithm Plug-ins Image Processing Software GCS Software
. iy . Make and model : String Yy Marme : Stringpﬁ y Mame : Strlngi
I nte rfaces faCI I Itate rap I d Current draw : electric currentfampere]{unit = ampere] Version - String Version Mumber : String

Voltage Req'd : voltage[volt]{unit = vol]
Antenna gain : dB : Real

design through re-use B it —regaor)

blocks
totalMass : Real{redefines totalMlass} :Iug?izalx-
cost : Reallredefines cost} .
totalCost : Realredefines totalCost) GPS Base Station
4 N 0 . -
USB: USB Port  GPS Ant
Modem Comm Video Code Telemetry ' el
afulls wfulls
afulls afulls afulls
ablocka ablocks
«logicals alogicals
RC Trans mitter GCS Computer
I"\.’ndelp::étfr_ing Malke and Model - Siring N
Brand : RC Brand CPU : String
Memory : GB : Integer
D Operating System : Operating System
Display size :in : Real
RC Control
afulls 1 [} 1 [ 1 [ 1 [1
L] L] L] ] L !
USBP1 :USBFort Wik Bhernet Fow er USBPF2:USBPort USBPFS:USE Fort
efulls afulls wfulls wfulls afulls afulls
ablochs ablocle ablocke
«logicals «logicals «logicals
Video Receiver Network Connectivity Antenna Tracker

Cellular system: Striﬁ:j- ) Meke and =r-T-1;i.:ie| - String
Mumber connections supported : Integer
Connectivity Type : Netw ork Connectivity Type

Make and model : Strin:g:-
Frequency : frequency[gigahertz]{unit = gigahertz}

—

d a
Ll Ll { |
USB : USB Port Video WIFI
i 20
afulls afulls

wfulls




Common Connectors

pkg [Package] Component Library [ Component Library ])

Pre-typed ports and

connectors facilitate

Integration of COTS
components

«blocks
Servo Connector

Power : Boolean = true
Ground : Boolean = true
Signal : Boolean = true

cost : Realire
totalCost : Realire
mass : Realre
totalMass : Real

«blocks «block»
Solder Connector

Wire Connector

«block»
Bullet Connector

Diameter in mm : Real = 4.0
cost : Real{redefin
totalCost : Realir

mass : Realre
totallass : Realired

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

«valueTypex»

Connectors
e e N Y o e o e S e S e P =
« CK»
I Lz ( «valueType» l
| Balance Connector |
Power Connector Types |
values
I'|Port Type - Balance Connector ! Dean’s |
| |Number of pins : Integer | X760 |
cost : Reakredefine \ XT90
| |totalCost : Real EC3 |
mass : Real{re« \ ECS
| ltotaiMass : Realir ass Solder joint I
| | |
| | |
«valueType» . «blocks
I Balance Connector Power Connector |
| JST-XH | values » |
TP \ Connector Type : Power Connector Types
| cost : Realired |
| | |totaiCost : Realr |
__________ mass : Realire
| ltotalitass : Rea alliass |
S e e ~
r __________________ ~
«block» |
| Signal Connector
Sakies avalueTypes |
| Connector Type : Signal Connector Type Signal Connector Type | |
| |Number of pins : Integer
JST |
| DF13
|
' |
I s e o = >
«blocks
HD Video Port

|

|

|

I |cost: Real{redefine
| =

|

HD Video Connector Type

|

S |
HD Video Connector Type |
HDMI Type A |
|

|

HDMI mini Type C
HDMI micro Type D
DVI

Display port

5 different HDMI
connectors

«block» «valueTypen
USB Port USB Connector Type

Mini USB

USB Connector : USB Micro USB

cost : Realired Standard USB

totalCost : Realirede UsB3cC

mass : Real{redefines 3 USB3 A

totalMass : Reak{redefines totalMass} USB3B
USB 3 micro B

7 different USB
connectors
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System Level connections (ibd)
ﬁmﬁq

d [Block] RTS System[ RTS System ] J

«fully
WiFi
etuls [

Ethernet |
wfulbs [ |

Power |
4

gCS Computer : GCS Computer

1

«fulls
RC Control

ZRAFIT
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rTS UAV:RTS UAV

’ rC Transmitter : RC Transmitter _|_

wfuly —
Telemetry : Signal Connector Lil modem : Modem L

«fully ‘ C

USB : USB Port q

«fully
—L USB P1: USB Port
[F——
1 lj
USB P3 : USB Port USB P2 : USB Port

«fully «fully

«fulls
Modem Comm)

I

flight Control Module : Flight Control Module

autopilot : Autopilot ]

«fulls rC Receiver : RC Receiver

RC Control

{1

modem : Modem

]

«fulls
odem Comm

USB : USB Port

{]

«fulls ’ video Receiver : Video Receiver l ety

T T

lVideo WiIFi
I

Explicitly represents ground-
air linkages, and the
components that facilitate
them

— |

‘ pitot Sensor : Pitot Sensor ‘

‘ gPS/Compass : GPS/ICompass |

l power Module : Power Module I

ord Module : Or Modul

self Destruct Package : Self Destruct Package

battery Module : Battery Module

'i2C Bus : 12C Bus |

battery : Battery [F

l power Distribution Board : Power Distribution Board

wiring : Wiring 1

air Vehicle : Air Vehicle

payload Module : Payload Module

fulls
Video WiFi rﬁ video Transmitter : Video Transmitter
Ll

camera: Camera

l airframe : Airframe I ’ ESC:ESC |

motor : Motor ‘
propeller : Propeller
servo: Servo [2]




Vehicle schematics (ibd)

ibd [Block] RTS UAV[ RTS UAV ]

flight Control Module : Flight Control Module

rC Receiver : RC Receiver

air Vehicle : Air Vehicle

«fulls

PWM : Servp Connedurj servo: Servo [2] |
| I «fulls

Mount Hole - propeiler : Propelier
«fully il

3 Phase Motor : Bullet Connector sfuls

motor : Motor i‘Prup Molint

TR TR T
full autopilot : Autopilot | ¢
ST ‘ P s H PWM Out : Servo Connector [6]

i

-

jfulbs T

3 Phase Motor : Bullet Connector

ofuls |  ESC:ESC

gPS/Compass : GPS/ICompass «fulls

|
o
L"i«:"»

|

bitot Sensor  pitot Sensor | <11

=

U [i2C Bus : 12€ Bus
or

12C 1 : Signal Conrje: L

 fully
12C 2 : Signal Conrjector |
L

«fulls
afully | _SBUS : Servo Connector SBUS : Servo Connector ‘
RC Control # |
«fully [ «fully
TM Port : Senvo Connector TM Out : Signal Connector
afully J modem : Modem [ LS «ully
—L Telemetry : Signal Connector
Modem Comm 1 Vo GPS : Signal Connector
T“ 2C:
«fulls T
Serial : Signal Connector L

GPS Connector : Sjgnal Connector

Compass Connector : Signal Connector

~L_ Signal Connecctor : Signal Connector

wfulls

«fully

2C 5 : Signaj Connector
: Signal Connector

12C 4 : Signal Connector

«fully «fulls
Signal Connector ‘ L L Aux Out : Servo Connector

Batt Connector : Power Connector WJ

PWM : Servo Qonnector L airframe : Airframe
whaibr | L

ordnance Module : Ordnance Module

wfulls
MSB : USB Port

«fulls L self Destruct Package : Self Destruct Package

==

payload Module : Payload Module

C

L

«fulls
AP Power : Signal Connector

]

power Mbdﬁle : Power Module ‘

«fuln
ower : Signal Connector

L «fully
Batt Out : Power Connector

=21
i
Batt In : Power Connector
«fulls

Provides “build to”
schematics down to the
Individual connectors

T
ehs J camera: Camera | «fulls

Camera cor'n ?l‘ J L Image Out : HD Video Port
o |

Power

]

= 5 = = 1 «fulls
video Transmitter : Video Transmitter |
fulls ‘A‘Vld 0 In : HD Videg Port
Phaseral L Tefully
—L Video WiFi

T

battery Module : Battery Module

«fuls
12V Power out |
i

SV Power out .

power Distribution Board : Power Distribution Board

]

afully 7
Mot ppwer pors 161
=

1
T
IPu\'/er in : Power Connector

—

wfulls

Batt Connector : Fower Connector - Balance Port : Balance Connector [0..2]

cfuls [ pattery : Battery [2 l afuls
{1 F

: \
\ | |

| wiﬁng :Vﬁring

ZRAFIT
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Parametric analysis & constraints

Component property values

Endurance and range calculations

«constraints
: FW Endurance and range
{P_batt=Vehicle_weight*Cruise_airspeed/(L_over_D*Motor_efficiency*Prop_efficiency),
Cruise_range=Endurance*Cruise_airspeed*60/1000,
Endurance=usable_capacity/(P_batt/battery_voltage+aux_current)*60,
Vehicle_weight=Vehicle_mass*gravity}

usable_capacity

L]

Vehicle_mass

L

battery_voltage

L

aux_current

&

gravity

L

L]

N

Motor_efficiency

l Number of motors : Real ‘
|

i Servos per elevator : Integer ’

Prop_efficiency

L]

L_over_D

Vehicle_weight

EJ—D : Real
|

P_batt
L~ < 1

% /Vehicle_weight : weight[newton] ’

Cruise_range

B

Endurance

[l

l IP_batt : power[watt] |

mission parameters : FW Mission parameters

Cruise_airspeed

Wi

«constraints

% ICruise range in km : distance[kilometre] ‘

! /Endurance in minutes : time[minute] ]
|

| Loiter radius : length[metre] ‘

pi —| : FW Coord turn
o {bank_angle=atan(\Va"2/(gravity*R)), turn_rate_deg
) bank_angle_deg=bank_angle*180/pi, E
gravity turn_rate=Va/R,
j turn_rate_deg=turn_rate*180/pi}
turn_rate :J [: R
bank_angle j
Va

|_i [Turn rate : deg/sec : Real ’

=

E bank_angle_deg

[ airspeed : speed[metre per second] ’
L

standard air density : density[kilogram per cubic metre] I

| 1Bank angle : deg : Real

Roll angle and turn rate calculations

ZRAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY
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\\E.%A Extending the Reference Architecture

= Research efforts in Digital Engineering

EEEEEEEEEEEEEEEEEEEEEEEEEEEEE

bdd [Package] 1 - MisUse Cases|[ 3 - MisUse Cases ])

1

Actor Intent
. Malicious Actor

External Threats

MisUse Cases

Mo
N\

External Adversar

b

/)

N

Misuse Cases educate user
on potential common
cyberattacks via embedded |

. Non-Malicious Actor

1

Internal Threats

. ___— System Adminjstrator

activity diagrams

|

25
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. d b d th ,l ’ ) 3 - Sub-m etric Descriptions & Values
g | ablocks «blocks «blocks «blocks
LY « b loc k» aSub-metrics aSub-metrics aSub-metrics wSub-metrice
< : OI I l I I IO n Vu I n e rabl I Ity - ] Attack Vector Device Modification Us er Interaction Privileges Required
« 'O g Ic al» values valuee  fi|  value valuesz
. Direct - Real =085 Low : Real=077 MHone : Real U 85 Mone : Real =0.85
SCO“ N S Ste m ( :VSS = "| | Ground Controlled - Real =062 | |High : Real = 0.44 Required - Real = 0.62 | | Low - Unchanged Scope - Real =062 ||
g y .UAS Enle_lm Air-Gapped - Real = 0 55 oy on Low - Changed Scope - Real = 0.68
| Mone : Real=10.2 High - Unchanged Scope : Real =0.27 ||
High - Changed Sope : Real =05
i o

whblocks wblocks ublocks
&Sub-metrics «3ub-metrics a3ub-metric»

AV AHB.QM None - Confldentialty Inpact Lutegu!:y_lmpa{:t Axmlamuty_lmpﬂcl = —

,,,,, es
MNone : Real 0.56 Mone : Real=0.56| |Mone : Real =056 Scope PCSRA Glossary
DM mcﬂdmm Low | |Low - Real=022 Low -Real=022 | |Low : Real=022 [
High : Real=0.0 High : Real=0.0 High : Real =0.0
PR : Privileges Required = High | & = -
ablocks

. S 3 S_QQ'D_Q — Unchanged . |  «Sub-metricy «Sub-metrics  «Sub-metricy
Reach into system model | (Ul Userinteraction = Required | lgaaitl | el | | fmpat

elements USing Parametl‘ic C' Confldent'a"ty |ITD8Ct - ngh . En:gw ‘Real =05 IELEW ‘Real =05 En:gw ‘Real =05
Constraints Il Integrity Impact = Low N ol —aal =% Submetics

N‘ ' 1 k t b ‘ d High - Real = 1.0 Unavailable : Real=1.0 | |High : Real = 1.0 [ Temporal Submetrics
= S ' ’ ‘ Medium : Real =097 Low : Real=0.97 Mormal : Real = 0.96 . .
- La_r__e_ neqius | |Low :Real =094 Medium - Real = 0.96 Low - Real =092 [ Environmental Submetrics
Mone : Real=0.91 High : Real =0.95 [%7

VS : Vendor Support = High | e e
L:Lifespan =Low e

CR: Confidentiality Reguirement = Low Designer can manually
IR : Integrity Regquirement = Low change these values
AR : Availability Requirement = Low based on their specific
PCSRA Score UAS

" Al: Availability Inpact = Low | st japiatsmuatt Hliezoan [ Base submetrics

=044
aisat sequatDevic o ') e,
=t
ang]
Moditisd Explonabiny :Resl ! Dg
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A 2
%/’A Extending the Reference Architecture

= Research efforts in Digital Engineering

= Validation of Digital System Models, March 2023
Capt James Winton. Research sponsored by: F-16, AFLCMC/WAM

req [Package] Systemto Model Requirements|[ 1 - SUAS - SENG 550 PDR (Systemto Model Requirements) ])

Conduct Model-
Based Design
Review

Conduct Document-
Based Design Review

«validationTestCase»
Inspect for Functional Decomposition

req [Package] Model Validation Process [ 1 - Model Validation Process ])

«modelRequirement»
Model
Requirement

Jld="0.0"
Text ="The

| «refine» |«refinex
Validated By «validationTestCase» ! i
\ > Model Validation Test Case SENG 550 PDR Chkcklist (Document-based) SENG 550 PDR Checklist (Model-based)

‘ [
attributes «modelRequirement»
+Manual or Automated Methods

Determines

Model Use Case

«requirement»
Preliminary Design Review (PDR)

d=""

Model Based Preliminary
Design Review (PDR)

«refine» «validate»

I
I
|
}
,
|
|
I
|
I
[
|

n ld="2"
I I I Text = "Receive approval of the PDR
odel M o e aane” e iReceivelApproval ofthe
" PDR via a Model-Based Review"
have....[or do]...
T «validate»
F— — = — — —

«requirement»

Create a Functional
Decomposition

«modelRequirement»
Create a Functional

«modelRequirement»
Create a Functional
Decomposition in Model

hierarchy and the steps in the Use
Cases and Activity Diagrams via
an allocation matrix”

I
b |
«deriveReqt» Becomposition
ld="1 3 . E————F — —|— — {d=23" ‘ «modelRequirement»
Text = "PDR shall have a functional Text = "Model shall have a | Trac eability of Functional
decomposition for each system functional decomposition" Hierarchy
segment” verifyMethod = Inspection I
o E ld="23.1.1"
R . | __ | Text = "The model shall have
f deriveReqt» | identified traceability between the
«deriveReqt» |
[
|

«requirement»
Demonstrate Traceability
Id="13.1"
Text = "Functional decomposition
shall be able to demonstrate

Id="23.1"

Text = "The model shall have one
hierarchical BDD for each
identified system segment
representing a functional
decomposition”

«deriveReqt»

r
| leaf-level functions in the
|
I
|
I

«modelRequirement»
Create Logical Groupings

ld="2.3.1.2"

traceability between steps in Use
Cases, Activity Diagrams, and the
leaf-level functions in functional
hierarchy”

validationAgent = "Winton"
validationDate = "TBD"
validationKind = Visual
validationMethod = Inspect

deriveRe
L « qt»

Text = "The model shall have
functions in the hierarchy logically
grouped for allocation to
subsystems”
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i\\//A Tuition Free Policy EéfAFIT

Air Force Graduate School of Engineering & Management
 https://www.afit.edu/EN/
* Free to Air Force military and civilians. Open to defense contractors

Opportunities for Certificate or Masters programs
- Systems Engineering Certificate (4 courses)
- Master of Science in Systems Engineering
Thesis. available entirely via Online, 9 courses + thesis
- Master of Engineering in Applied SE
Non-thesis. available entirely via Online, 11 courses + capstone

Where (to apply): https://www.afit.edu/Admissions/

What (you need): BS (Engineering, STEM), GPA(=> 3.0), GRE{\=>153-Q>148)
... Apply regardless of your academics.

When (to apply): Anytime. Eligibility good for 3 years. Apply now (why not?!)



https://www.afit.edu/EN/
https://www.afit.edu/Admissions/

Questions?
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\\"/) Background

“...the next big paradigm shift for military tech dominance.
Rather than just building better systems, it builds systems
better...”

-Dr Wllllam ROper, There IS NO Spoon DEPARTMENT OF DEFENSE
DIGITAL o rrrrrrerrrrrmmnennss

ENGINEERING o

USAF announces launch of new Digital STRATEGY oo
Transformation Office

10 Jun 2021 (Last Updated June 10th, 2021 17:06)

The new DTO office will support collaboration and sharing of best practices and lessons learned.

DAYTON
BUSINESS JOURNAL

New Air Force center to support military's digital
transformation, aided by Dayton companies
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Need for Digital Transformation Béf,ﬂ:[?f
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Initial Guidance failed to provide:

Time/Cost/Schedule expectations
Single, Department-wide software tool
Licenses

Training

Templates

Classification guidelines

Program Office’s Need to determine:

State of current systems engineering tools (i.e.
document based)

Desired end state (i.e. Model Based Systems
Engineering)

What Software is Needed (licenses, cost, AFNet
approval, long-term support)

Staff (user) training requirements

Cost & Schedule impacts

Unique program gains/pitfalls




\\.'/' How are Programs Effected? %gﬂ“IT
/N VAN A\

-

Matenel Technology Maturation& | Engineering & Manufacturing | Production & Deployment | Operations &
Solution Rizsk Reduction Development Support -
Analysis Full Rate 3
1@ | LRIP Froduction g
_ Decision =
Materiel \ &
Development Dev RFP Release Operational Test & 10C FOC
Crecision Decision Point Evaluation [OTEE])
| Pre-Systems Acquisitions Systems Acquisitions Justainment
| J \ ' J
Program Start: Program Closure:
“Ground-up” Not worthwhile

~80% of DoD programs are firmly in

Operations & Sustainment phase




\.,,Z What Does Everyone Else Think? 2%<AFIT
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Misc., 4, 1% Measured, 2, 1%

« Literature gaps:
s Capturing MBSE efforts/benefits
m Transitioning existing systems to MBSE

Observed, 36, 9%

Model Verification-

w

N
\.

wee Traditional SE

9
8 // I
Cost of Process Definition- -Early Defect Detection
Infrastructure cost- 5 ’ / P -ReuZe
- 36
Training Cost- | ¢ . / / -Risk Reduction
E
Model Development- § ’ -Improved Communication

N )
/ \ // i -Usage in Supply Chain
A

Model Curation-

FeaduglimeDenmition (Henderson & Salado, 2020:59)
-Standard Conformance & Traceability

—

Configuration Management-

o

! T T T T T l ,
Factors related to 0 5 A 6 8 10 !

M BS E | n Ve St m e nt Conceptdzl Des;gn Prelun‘imvy Design Detaule& Design ' Manufmurir\gvand Acquisition FaCto rs re I at.e d to
Time MBSE Gains

(Madni & Purohit, 2019:13) 6
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‘\"/' Research Questions E%QUJIT

1. What effort is required to transition an existing SoS to MBSE?
2. How can the effort be measured?
3.  What types of costs are associated with MBSE adoption?

2. What resources are available for program offices wishing to transition to
MBSE?



/)

\‘,'/) Overall Methodology WI

Document-based system or System of Systems (So0S)
Repository of available SE documents
Record time to transition documents to model

MBSE costs (Madni & Purohit, 2019:13)

m Process definition
s Infrastructure

= Training

= Model-related

Gather MBSE resource information
s INCOSE, Object Management Group, DTO



\/ Methodology — Data Collection E%qFIT

L s T e e
______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________|

« System of Interest: ACAT Il (<$200M RDT&E and <$920 Procurement)

R
E > :@Cordf/}b
Q

. § . o
System Security Maintenance
/ Training Documents Documents Manuals

_ Technlcal Data Operatlons
Architecture Documents Sheets Manuals 9

Ul

Baseline Configuration
Documents




\/ Methodology — Cameo Systems Modeler er
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« Cameo Systems Model V19.0 SP4

m SysML v1.6
SysAML Diagram
Fitt ol
Behavior Requirement Structure
Diagram : Diagram | Diagram
Activity Segquence State Machine ! Use Case Block Definition Internal Block : Package
Diagram Diagnm Dlagnm J Diagram Diagram Diagram ; Diagram
ALACESESLL SO | Pyt e e ee Ty AL SRRSO AR AR L
A
.- om— :— -_ -
| Parametric |
i Diagram
SameasumMmML2 | e ememe-- |

| Modified from UML 2

10



Methodology — Cameo Systems Modeler

AAFIT
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ibd [Block] System[ System] J

bdd [Model] Model [ Metarmodel ]J

«hlock»
System

«hlock»

Subsystem

values

valueProperty . Real =010

1”14'

ﬁblﬁck»
Component

[ll

afull»
— SystemInterface : Interface Type

afulls

A

J

Subsysteminterface : Interface Type ,J_‘ :Subsystem [1..7]

ltern Flow

¢hlock»

Subsystem Configuration 1

¢hlocks

Subsystem Configuration 2

values

valueProperty : Real = 1.0{redefines valueFroperty}

11



\\.’/ Results — Effort WIT
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Category 1 Category 2 Category 3

Maintenance Manual § g
J Operations Manual
Operations Manual \/

§ Technical Data Sheet
Technical Data Sheet J

ICD

Technical Data Sheet

12
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Results — Effort

aleM)yos
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Results — Effort E%qF IT
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Portion Time Spent Time Spent
Transitioning to MBSE Transitioning to MBSE
(hrs) (%0)
Subsystems/

Components
S0S Structure
Model
Total

14



\ / Results — Effort

Model Portion
Category 1 Subsystem/Component
Category 2 Subsystem/Component
Category 3 Subsystem/Component
Cabling

Power/Data Hubs
Software

Miscellaneous Hardware
S0S

General Modeling

AIR FORCE INSTITUTE OF TEC

Average Time to Model (hours)
4.833

2.125

0.5167

0.069/cable

0.375/hub

0.05/piece of software

0.125/component

1.283 per subsystem or component

0.267 per subsystem or component

ﬂﬂﬂﬂﬂﬂﬂ

15
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1.

What effort is required to transition an existing SoS to MBSE?
How can the effort be measured?
What types of costs are associated with MBSE adoption?

What resources are available for program offices wishing to transition
to MBSE?

‘\"/' Research Questions E%QUJIT

16
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Methodology — Resources B%QXFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Software Name of the software.

Company Company which develops the software.

Country of Origin Country where the company is located.

Number of Users Numbers of users of the software.

Version Different versions of the software available, ordered from least
amount of features to most.

Price Price of the software, rated on a scale of $ (low) to $$$ (high).
Purchase Options Perpetual, rental, and/or subscription.

License Type(s) Standard, floating, or both.

Modeling/Simulation Modeling and/or simulation.

Cloud Service Does the software offer a cloud service for model storage and
collaborative work?

17
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& 2 T 3
Nz Results — Resources =Z<AFIT
L 2 AR FORGCE INSTITUTE OF TECHNOLOGY
Modeling/

Purchase Simulation |Cloud

Software Developer Country of Origin |No. of Users Variation Price (USD) License Type |Options ? Service?
Astah Change Vision, Inc. Japan 540,000 astah SysML 5 Both Perpetual or| Modeling M
astah System Safety S Both subscription | Modeling Y
Cameo Systems Madeler Dassault Systemes France Architect Edition 55-555 Both Perpetual or | Modeling ¥
{aquired from Enterprise Edition 555 Both subscription Both ¥
Capella Multiple France 50+ arganizational |N/A Free N/A N/A Modeling 7

USErs
Engineering Systems Design Rhapsody |IBM USA Architect for Systems Engineers ? Both Perpetual or| Modeling i
Designer for Systems Engineers ? Both subscription Both Y
Enterprise Architect Sparx Systems Australia 850,000+ Professional 5 Both Perpetual or| Modeling Y
licenses sold Corporate S Both subscription | Modeling Y
Unified 5 Both Both ¥
Ultimate 55 Both Both ¥
GEMESYS Vitech UsA M/A 555 Both Perp. or sub. Both ¥
Innoslate MBSE SPEC Innovations UsA 2000+ companies |N/A ? Both 7 Both Y
Modelio Modeliosoft France M/A Free MN/A /A Modeling ™
Papyrus CEA LIST, France M/A Free MSA /A Both M
Eclipse Foundation

SCADE Architect Ansys UsA MN/A ? ? 7 7 ?
Software Ideas Modeler Software Ideas Slovakia Premium 5 Both Perpetual or| Modeling Y
Professional 5 Both subscription | Modeling Y
Ultimate 5 Both Modeling ¥
Visual Paradigm Visual Paradigm Hong Kong 320,000+ Modeler 5 Both Perpetual, | Modeling ¥
people Standard S Both subscription, | Modeling Y
Professional S Both or rental Modeling Y
Enterprise 55-555 Both Modeling ¥
Windchill Modeler PTC Usa MN/A 7 7 7 7 7




Organization
Course

Price
Language/Tool

Level
Length
Course Delivery

Methodology — Resources WFT

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Organization which offers the course.

Title of the course.

Price of the course, if there is one.

What MBSE language(s) and tool(s) the course uses.

The MBSE skill level of the course: beginner, intermediate, or advanced.

Length of the course.

How to course is taken: in-person, synchronous remote, or asynchronous
remote.

CHNOLOGY
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Results — Resources

ZAFIT

AIR FORCE INSTITUTE OF TECHNOLOGY

Organization Course Price Language/Tool Level Length Delivery
AFIT SENG 520 Foundations of Systems Engineering ? SysML/Cameo Beginner 10 weeks In-person or Virtual
SENG 660 Advanced Principles of Engineering Design ? SysML/Cameo Advanced 10 weeks In-person or Virtual
Tailored Program Specific Modeling and Cameo Course ? SysML/Cameo Varies 1-4 weeks In-person or Virtual
Cal Tech Model-Based Systems Engineering (MBSE) Certificate Program $2,850 |SysML Beginner 5 days Virtual - Sync
Dassault Systemes SysML Intensive with MBSE Using Cameo Systems Modeler Paid SysML/Cameo Beginner 5 days In-person or Virtual
Teamwork Cloud Project Strategies and Best Practices Paid |SysML/Cameo Intermediate |2 days In-person or Virtual
Simulation Toolkit with Cameo Systems Modeler Paid SysML/Cameo Advanced 5 days In-person or Virtual
DAU CENG 001 Coursera-MBSE (Model-Based Systems Engineering) Free Intermediate |11 hours Virtual - Async
IBM IBM Engineering Systems Design Rhapsody plus SysML for MBSE Paid SysML/Rhapsody Intermediate |24 hours In-person or Virtual
Quick Starts: IBM Engineering Systems Design Rhapsody for MBSE Free |Rhapsody Beginner 2 Hours Virtual - Async
Accelerated IBM Engineering Systems Design Rhapsody for Existing UML/SysML Users Paid UML or SysML/Rhapsody Advanced 24 hours In-person or Virtual
MIT xPro Architecture and Systems Engineering: Models and Methods to Manage Complex Systems| 53,249 |SysML Beginner 17 weeks Virtual - Sync
MNASA Foundations of MBSE (APPEL-vIMIBSE1) Free |General MBSE Beginner 1 day Virtual - Sync
Applied MBSE (APPEL-vMBSE2) Free |General MBSE Intermediate |2 days Virtual - Sync
Model Based Systems Engineering Design and Analysis (APPEL-vIMBSE3) Free |General MBSE Advanced 3 days Virtual - Sync
NAVAIRU CORE-410-102 Basic SysML (101/201) Paid [SysML Beginner
CORE-410-103 Intro to SysML Free [SysML Beginner 4 hours Virtual - Async
CORE-411-115 SE Bootcamp Free |General MBSE Beginner 5 days In-person
CORE-411-116 SET for PMs and IPTLS Free |General MBSE Beginner 3 hours Virtual - Async
CORE-41B-2001 A Look Ahead at SysML v2 by Sanford Friedenthal ? SysML Intermediate
CORE-41B-200121 Language, Profile, & Framework ? SysML Intermediate
CORE-41B-200211 Cameo Collaborator-Tutorial ? SysML/Cameo Intermediate
CORE-44W-190314 ? SysML Intermediate
CORE-450-195 Applying Open Architecture Through MBSE for Applications at NAVAIR ? UML & SysML Intermediate
CORE-4KB-181219 Application of MBSE in the Development of UPneXt ? General MBSE Beginner
CORE-4M2-107 SysML Intensive with MBSE using CSM ? SysML/Cameo Intermediate |5 days
Naval Postgraduate School SE4930 Model-Based Engineering Course 52,500 Intermediate |10 weeks Virtual - Sync
MBSE Certificate Program $10,000 Intermediate |1 year Virtual - Sync
PivotPoint Technology Essential MBSE + SysML Applied Paid |SysML/Various Beginner 3-5 days In-person or Virtual
Intermediate MBSE + SysML Applied Paid SysML/Various Intermediate |4-5 days In-person or Virtual
Advanced MBSE + SysML Applied Paid SysML/Various Advanced 3-5 days In-person or Virtual
Sparx Services MBSE using Sparx EA Paid |SysML/Enterprise Architect |Intermediate |5 days In-person or Virtual
SPEC Innovations IST 101 Introduction to Innoslate Paid LML/Innoslate Beginner In-person or Virtual
IST 201 Innoslate for MBSE Paid LML/Innoslate Beginner 2 days In-person or Virtual
IST 501 Intermediate Innoslate Application Paid LML/Innoslate Intermediate |3 days In-person or Virtual
IST 705 Advanced Innoslate Workshop Paid LML/Innoslate Advanced In-person or Virtual
Teaching Science and Technology, Inc. |MBSE Course with Workshop S980 General MBSE/Innoslate Beginner 4-5 days In-person or Virtual
Thales Arcadia & Capella MBSE training Paid Capella Beginner 3 days
Visual Paradigm Visual Paradigm Essential Free |Visual Paradigm Beginner 5+ hours Virtual - Async
Vitech MBSE Tutorial Paid General MBSE Beginner 2 hours-2 days
Introduction to MBSE with GENESYS 51,995 |GEMNESYS Intermediate |5 days Virtual - Sync
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\\.'/' Conclusion Eégﬂ:IT

-

1. What effort is required to transition an existing SoS to MBSE?

m  92.25 hours: 45.75 on subsystems/components, 38.5 on structure, 8 on general modeling

2. How can the effort be measured?

s Subsystem/component categories, time to model

3. What types of costs are associated with MBSE adoption?

s Process definition, model-related, infrastructure, training

2. What resources are available for program offices wishing to transition
to MBSE?

m 5 processes, 13 software tools, 41 training resources
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. Significant Interest in this Effort

. Need to Expand single data point

= Resources, Time, Program Size, Program Lifecycle Phase, Classification,

Research Team Objectives:

= |dentify “best” software tools
= |dentify training requirements

= |dentify resources (time / cost / effort) required to transition

s Disseminate research findings to community in timely manner

nnnnnnn
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Identify

Suitable

Existing
Programs

And the Process Continues... WIT

Build MBSE
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\.{ And the Process Continues... W LT

AIR FORCE INSTITUTE OF TECHNOLOGY

Identify

Suitable

Existing
Programs

Build MBSE

Documentation (Thesis)

o~

Briefed Potential Program Partners

Identified Program Needs
Estimated Effort Required
Ranked Effort Viability

Matched Student Researcher with Programs

24



Students
Lt Jacob Thomas
Capt Cole Piper
Capt Emily Tritschler

Capt Elizabeth Pennington
Lt Anthony Condurso

Capt Justin Moore

Engineers
Mr. Christian Varadi
Mr. Mark Reunsch




\,j And the Process Continues... WIT

Suitable
Existing
Programs

Apr May Jun Jul Aug Sep Oct Nov Dec
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Visualization digests complexity, lets
one absorb knowledge




Virtual Worlds naturally map to 3D geospatial
information.

2012 Mar 21 16:10:46.832714 UTC

RNG 2870m (1.5502nm)
HDG 307° / BNG 70°
GS 391m (1284ft)
LOC 499m (1639ft)

)

303m (0.1640nm)
62° / BNG 6°

12m (42ft) . ’
-245m (-804ft) WL

RNG 412m (0. 2229nm)
HDG 209° / BNG 28°
GS 26m (87ft)

LOC -222m (-728ft)




Humans Perceive Data Visually
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HDG 240° / BNG 240 HDG 240° / BNG 240
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Unification of Sensor Fusion

Disparate, non-uniform inputs = Coherent, naturally
understandable virtual world, real-time updates




Video — Virt World mirror Real World, in Real Time

& Affine RT Link. mp4
¢ Reduce Bandwidth
& Leverage a-priori information

& New abilities possible w/ common frame & viz (sat LOS intuition)






Automated Aerial Refueling
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® Sensor's Display Matrix with Position (Local Frame)

0.0000 -0.4226 -8.31|
1.0000 0.25]
0.0000 0 7.40|
] 0.0000 0.0000 0.0000 1.00|

Reset Sensor DCM Reset Model DCM

Passing sensor's DCM to

AftrCoordinateTransforms: :transformfromDisplayMatrixToRo11P1tchYaw( . . .)

Ptch: -25,0000 ]

WOAlpha Reference Frame Options

@ Global Frame  LTP Frame
v Camera Frame Mutator

Camera Reference Frame Options

@ Global Frame  LTP Frame

Camera Chase Mode Options
2 @ Standard EZ Nav Chase Actor WGS 84 Smoothed
® Jump to Tanker Sensor in LTP Frame

¥ Logfile Data Playback Settings

[ ] Open and (re)play a Recevier Approach via Log File
/logs/simple_relative_approach_vw/RelativeRecy. txt [Specify dog File

Parse File Play / (Re)Start File

Pause
" Mode: Replaying, 23804 / 25890 -- 0.919428
Jump To
> ] 20457 1 1dx
& f | 0.000000000 Percentage
;f - S e A S Jump to Tdx Jump to Percentage
> 4 2 ¥ Point Registration -- Iterative Closest Point (ICP)

Currently using only ICPOperator
V/ ICP Enabled
I 1.00 Truth Pt Sz
1.00 Sensed Pt Sz
Num Sensed Pts: 1920, Num Truth Pts: 1011.

- ; W, =X N\ _ e
Error Trans : (0.003, -0.039, 0.009)
(0.87?, 9.996, 0.049) M

Actual Receiver Position is: (21,508, -0.250, 3.265)

Actual Receiver RPY is (0.000, -27.693, 180.000) E RPY
Error Trans (0.003, -0.039, 0.009) rror

Error RPY (0.877, 0.996, 0.049)

ICPInfo: Trans: (0.445, 0.047, -0.273), RPYDeg: (-48.956, 6.094, 8.871), RMS o
0.383913, Iterationldx’ 27

R

Application average 20.841 ms/frame (48.0 FPS)

ime 3D Virtual Worlds

fodeling & Simulation.. .«

Synthetic Sensor Generatic
7

P

on Sensor (wolD 19 BuddyPod Stereo Vision Sensor)

> Logfile Data Playback Settings

> Point Regl n -~ Iterative Closest Point (1CP)

* Orogue Controller

0.9 B et o
13716 B Change Tube Ext Length
0.9 (] Change Tube Ext Down/up Dista
o Nove Hose Left/Right
Reset Drogue Extension
Hide Mose/Basket  Randomize Hose/Basket

¥ Light Controller

133,00 Wotate Spotiight Around KC-46
[] 0.4 Change Global Light Anblent L
L] 0.02
o ]
0.4
Light Mode. Positional (checked) / Directional (unchecked)
+ Global Light | Spot Light
Update Light Pose to match Current Camera Pose
Global Light Spot Light

Application average 16.501 ws/frame (60.6 FPS)




AN Towards Autonomous Aerial Refueling

AFIT’s DoD Leading Research into Autonomous Refueling for USAF Boom and Probe-N-Drogue

AFIT is developing stereo and monocular visual relative navigation
algorithms for pose estimation. These algorithms enable Autonomous
Aerial Refueling systems to safely approach, connect, and transfer fuel
between a tanker and receiver.

Digital Twin & 3D Augmented Reality

With more RPAs in the Air Force, automatic refueling A - - e . u .
would improve mission capabilities J 55

Object detection using Convolutional Neural Networks
(CNNs) have improved significantly in previous years,

enabling ge in 6DoF Pose estimation.
Cé+ / AftrBurner Python

Send via
locathost

RecvImg —

CONTACT

SN |
Dr Scott Nykl Iz k< ANT CENTER
scott.nykl@afit.edu \J AUTONOMY & NAVIGATION TECHNOLOGY

AIR FORCE INSTITUTE OF TECHNOLOGY




How does one automate Aerial Refueling?



Receiver
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AFB
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EO & LWIR

Flight Tests

$5%
Hard

Approximate




¥ W0 19 Rght

| | 0.25
Orig:2048x1080, Cur:640x338

¥ Menu

¥ Stereo Vision Sensor (woID 19 BuddyPod Stereo Vision Sensor)
+ Show Left/Right Tex Dock Location: @ Top Bottom None
v Load Existing Calibration
Load *only* OpenCV Calibration (no mod to WOSVS [R|t] or view frusta):

W WO 19 Left C:\repos\aburn\usr\shadows\aarViz2020_Leon\calib\2K _Virtual_Cal_Leon.yml Specify Opencv

[ | 0.25
Orig:2048x1080, Cur:640x338

Load *both* OpenCV Calibration and WOStereoVision Sensor [R|t] + view frusta params:
C:\repos\aburn\usr\shadows\aarViz2020_Leon\calib\2K_Virtual _Cal Leon.yml Specify Full C

Load OpenCV Only Load OpenCV + WOSVS Calib

» OpenCV Stereo Block Matching Parameters

» Capture Stereo Calibration Image Pairs

» Compute Intrinsic / Extrinsic Calibration using image pairs from folder:
» Logfile Data Playback Settings
¥ Point Registration -- Iterative Closest Point (ICP)

Currently using only ICPOperator

+ ICP Enabled
| | 0.83 Truth Pt Sz
| | 0.83 Sensed Pt Sz
Num Sensed Pts: 1609, Num Truth Pts: 4041,

Actual Receiver Position is: (20.740, -1.200, -0.141)
Actual Receiver RPY is (0.000, -2.690, -180.000)
Error Trans (0.008, 0.040, -0.013)
Error RPY : (0.151, 0.175, 0.344)

ICPInfo: Trans: (1.803, -0.456, -0.673), RPYDeg: (-0.167, 2.514, -0.351), RMS: 0.0451073,
IterationIdx: 30

¥ Drogue Controller
| | Ext [0,1]
M change Tube Fxt lensth
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V¥ Menu

-~

Actual Receiver Position: (14.127, -0.185, -1.405) ~:
Actual Receiver RPY (-0.778, -23.279, -178.472) ):
Error Trans : (0.020, -0.010, -0.014) ,l\\
Error RPY : (1.883, 0.507, 0.303) »

ICPInfo: Trans: (-0.218, 0.010, -0.122), RPYDeg: (2.247, 1.
306, -44.958), RMS: 0.00164393, Iterationldx: 30

<

A

A\

Application average 49.743 ms/frame (20.1 FPS) d \

=%

AN
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'»Bumpe'd Cameras?

8 Occlusmns?

‘Can we overcome these?

Monocular-based Visual
RelNav Approach
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Air Force Materiel Command

Digital Materiel Management
Keynote

Robert B. Fookes, SES
AFMC/EN
12 May 2023




Powering the
world’s
greatest

Air Force...

We develop,
deliver,
support, and
sustain war-
winning
capabilities.

&)
‘g 7 TI‘ERW

AFMC Strategy Map VISION

Our Cross-Cutting Attributes
Speed « Strength « Endurance « Balance ¢ Flexibility « Coordination

Our Commitments One AFMC--

Enable DAF Priorities « Support the Warfighter & Respect the Taxpayer » Focus on Enterprise Solutions & Digital integrated,
Materiel Management « Provide All Airmen the Opportunity to Reach Full Potential « Embrace Innovation

collaborative,
Our Lines of Effort innovative
3
LOE 1 Del iver Integ rated Integrate research, development, test, sustainment, support, and infrastructure to maximize readiness and lethality for trusted, and
What Ca abllltles each capability and across all capabilities.
P empowered...
» Sustain the Legacy Force: Integrate all efforts within and across our centers by working together as One Team to ensure the current force structure is
ready anytime and anywhere against any adversary.
« Deliver the Future Force: Create future threat-informed capabilities that deter and disrupt our adversaries using integrated intra- and inter-center One .
Objectives Team approaches. Indlspensable
» Seek DAF Enterprise Solutions: Through intra- and inter-center integration and coordination, deploy DAF enterprise solutions to the max extent and to our Nation
defer to unique solutions only when necessary. . .
Provide Responsive Support: Deliver AFMC materiel capability and combat support when needed for warfighting and humanitarian surge requirements d|s ru pt|ve to
LOE 2 Strengthen Our Advance the professional and personal development, retention, resilience, and innovation of our workforce so every our
Who Team AFMC Airman and Guardian can achieve their full potential.

adversaries.

Develop Leaders: Develop leaders able to create an environment where team members can professionally and personally thrive.
» Entrust Decisions to Lower Levels: Push responsibilities and decision-making to trained-and-ready lower levels within the command chain and
empower our people regardless of rank or grade.
Objectives  « Build Full Potential Teammates: Provide intentional opportunities for uniformed and civilian team members to achieve their professional and personal
goals, removing barriers concerning diversity, equity, inclusion, and accessibility.
» Bolster Accessions and Retention: Embed our cross-cutting attributes into our accessions and retention processes for world-class, end-to-end
personnel management.

LOE 3 ReVOIUtlonlze Implement Enterprise Solutions, Digital Materiel Management, and other methods to revolutionize critical processes in
How Our Processes support of mission execution and the warfighter.

* Build One AFMC Business Enterprise: Inculcate internal processes that activate innovation, speed, strength, endurance, balance, flexibility, and
Objectives coordination in AFMC's ability to deliver capabilities on relevant timelines in spite of fluid threat environments.

« Employ Digital Materiel Management: Ensure critical processes employ digital methods across the entire lifecycle--from invention to retirement--for
both warfighting capabilities as well as installation and mission support capabilities.

LOEA4 Am pl |fy Wa I'flg htl ng Connect every AFMC Airman and Guardian to the mission and focus the materiel enterprise on delivering capabilities
Why Culture and services in support of operational execution and deterrence.

» Connect to the Mission: Ensure every team member and unit understands their role, value, and connection in materiel capability delivery to the
Objectives operational units we support.
* Be the Trusted Partner: Drive toward the speed of trust with one another, the warfighter, industry, and our mission partners.



Digital Lifecycle

(Continuous Process) @~ = ——— | 0 .
/ cana ==
_MBSE System
Capabilities

“1 | Arctﬂtec ure
Enterprise Operations Analysis

Activities Requirements 8! Force Design
op’

Open Standards, Data,

Government Reference
T, Pr ing, Mission M lin . . . .
S&T, Prototyping, Mission Modeling Architecture integrated design environment

System System
Lifecycle

Product Lifecycle Management
model supporting O&S

System design model,

Requirements &

Tradespace &
System Specifications Development

Operations Analysis

Supply
Maintenance
Product Support
Operations
Modifications

Technical Reviews
Agile Development
Finance, Risk, & Log Mgt
Test & Certs

AF and SF Futures
MajorCommands
FieldCommands
Air Force Research
Lab

RFP

SOW/PWS

CDRLS/DIDs
SRD/TRD

Training Data Architecture

Standards Reference Architecture Models

Digital Ecosystem Enabled By
PLM / FENCES / CloudONE / PlatformONE

One AFMC...Powering the World’s Greatest Air Force



DMM Initiatives

m Access to tools: Expand cloud hosted tool environment
m Partnered w/AFLCMC/HN to scale Enterprise Solution tool offering to programs
m Training: AFIT Digital Innovation and Integration Center of Excellence
m Partnered wW/AFIT to scale training & education offerings; program execution support
m Culture: Continued analysis and intentional design
m Leadership focused Digital Masterclass; continue outreach/culture design work
m Strategies: Facilitated program workshop and support

m Partnering w/Digital Enterprise Launch Team for Acquisition (DELTA) to facilitate
program strategy sessions

m Structure and Secure our Data: Standard data formats, structures, modeling styles

m Modernize IT Infrastructure: Improved Authority to Operate (ATO), Evaluated
Product List (EPL) processes

UNCLASSIFIED

Briefer: Mr. Robert Fookes (AEMC/EN) One AFMC...Powering the World’s Greatest Air Force



Gov’t/Industry Interactions

Digital Guide Home

Air Force Digital Transformation ¢ Not following

Owning the Technical Baseline
for Acquisition Programs

in the U.S. Air Force U.S. Space Force
Vision for a Digital Service

i ACCELERATE

Home

Newcomers Link

Quick Start Guide

Background

Enterprise Resources

Welcome to the New Look of the Digital Guide

DEPARTMENT OF DEFENSE

DIGITA X
£ e e Please send any suggestions for further improvements to HQAFMCEN. DigitalCampaign@us. af.mil.
IDE Tools & Infrastructure o ”
Click Here to See: The Latest Digital Transformation News!
v, Q’ Data, Standards, Architect...
®r Q
O Wit
Training and Education
AIR FORCE MATERIEL COMMAND Funclio Fra. Fr22 |I Fra3 Fra i FYzs I Fr26
STRATEGIC PLAN FAQ Implement generic governance policies Appropriately controlled access; Defined governance partially applied across enterprise
Model Environment ef | Data i from tools; Limited ftem associati I Data portability & all datafitem traceablility
Collaboration § | | IDE/MilHub 10C | e FOC- partial enterprise usage | Most IPTs integrated into IDE/MilHub | IPTs interacting across enterprise via IDE/MilHub
aboration Space I I Define permission roles in enterprise [ Enforce permissions across enterprise Apply applicable IP policies | Secure, monitor & control models & data across enterprise

@ 'DEPARTMENT OF THE AIR FORCE

Develop digital management strategy Inconsistent support from DE tools Infrequent support from DE tools Mature IDE/consistent spt from DE tools

Develop full system models across the lifecycle | Consistent institutional approach to integrated system model

Model Manag
Define & implement configuration management processes in MilHub | Apply config mgmt in MilHub to Apply config in MilHub 1o all in enterprise
Mzp & identify VBV for limited models & data [ Pantially V&V for identified models & data

DIGIT
_GUIDEBOOK for" C}% oS e
DIGITAL L
ENGINEERING ' N ¥
and e-SERIES |

Continually update processes to rely on data from ASOT { Update processes via digital thread — employ limited twins | Decision making using thread/twins

Conform data to common archi Bl Implement automation & data reuse

Data Management Ingest enterprise data into MilHub

Employ some visualization tools | Consistently deploy Ul & visualization tools that contribute to some enterprise decision making | Ul able to interrogate ASOT

ify izational training needs — identify & promote courses Develap stratezic training plan; hire experts to review i mgmt; plan

Workforce Capability

Identify, use, and promote authoritative lexicons/sources

Identify, use, and promote common lexicans/sources across enterprise i use for lifecycle |

Isolated processes across enterprise use digital artifacts and data | Majority of enterprise processes & DM use dig artifacts/data

Utilize default architectures and begin customization for enterprise use [ Define reference architectures — plan/identify validation methods

implement limited organizational coordination of digital artifact use as deliverables; Use models to record acceptance of items through model content/data review in modeling environment

Adoption

Implement ASOT Plan digital thread & limited twins to contribute to ASOT

; map & define metrics for VEV of models I Implement and monitor metrics
Establish model dev't processes; select programs for V&V | Partially implement V&V

Model & Data Quality

Identify standard VBV procedures and programs that require V&V

“Dicula \lld .~
WILL ROPER MC)x

egend
.Levs\ 0 Level 1 Level 2 Level 3 Level 4

One AFMC...Powering the World's Greatest Air Force
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