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10 YEARS OF DE RESEARCH,
INSIGHTS PAST AND FUTURE

SYSTEMS TN INNOUAT
ENGINEERING NAIRC e TR

RESERRCH CENTER

@ Global Scan of Most Advanced and Holistic DE

| 2013

Concept of Operation for SE Transformation demonstrates new Operational Paradigm
@ Skyzer demos Digital Signoff in Model to Transform CDRLs

Skyzer links MBSE Cost Model to "Full Stack” @
1st Ontology Workforce Development using lolF @
Spacer replicates “Full Stack” Pattern using NAVSEM

| 2015 | | 2017 | | 2019 | | 2021 | | 2023

DEVCOM Demos lolF on Army Network

DE Workshop for Workforce Development
showing “Big Picture of DE” Delivered to USSF

ﬁ lolF Demos “Full Stack” of models linking Mission
and System to Physics-based models

ﬁ Interoperability and Integration Framework (lolF) 1 Demo
ﬁ Skyzer Modeled Everything in "Full Stack” Demonstrate Art-of-the-Possible using NAVSEM

Vision of DE Environment and Authoritative Source of Truth derived from Global Scan
Approved for Public Release



ce SYSTEMS A T DEMONSTRATING NEW DE WORKFLOWS
ENGINEERING IRC RESEARCH CENTER IN OPEN PROJECT SETTINGS

RESERRCH CENTER

@ 2016: Skyzer Modeled Everything in "Full Stack” Demonstrate Art-of-the-Possible using NAVSEM
2017: DEVCOM Demos lolF on Army Network @
2023: Spacer replicates “Full Stack” Pattern using NAVSEM@

e B

(us.amnv )]

Armaments Missions Spacer: FireSat

Vietnamese Field Artilery.

o= . il T
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REFERENCE ARCHITECTURE FOR
ENGINEERING YN |>lofF =% DIGITAL ENGINEERING ENVIRONMENT
RESERARCH CENTER IN SUPPORT OF DE

Campaign Mission Models & I Capability- \

Simulation & Based T&E
Mission Advanced Concept of I (Live, Virtual
Data Operations Constructive)

Engagement Exploitation

& System Models System V&V

Ana |ysis (MBSE: Req’s, Interfaces, MOde_IS’ »
Behaviors, Structure) Safety, Reliability
& Maintainability,

Logistics,
Security, Risk

e.g., Descriptive

$924n0S3Y Juawadeuel aSpajmouy|

Component
Systems (Al, Data Models Component V&V
. . Ana|ytics’ (Discipline-specific: SW, Models,
Englneerlng . Electrical, Mechanical, Sof Reliabili
: Machine afety, Reliability
and Design . Eyfoad) e bein & Maintainability,
Lea rning, Analytical and Design Logistics,
MDAO...) Security, Risk

uolje|nwis pue s|apoAl Sulunlaesnuep

S|3POIAI 3]2A23417 19npoJd . . .

S|9pOIA Suiluiel] pue ‘qQuawuieisng ‘suonesadQ

Multi-physics
(CFD, FEA,
6DOF)

(*21° ‘INID ‘s|opow 23ua43}a4 ‘ssadoid ‘poylawi)

Cost Models and Simulation

Approved for Public Release 4



10 YEARS AGO: LEADERS WERE EMBRACING
SYSTEMS

ENGINEERING NAIRC oo CHANGE AND ADAPTING TO USE DIGITAL
RESEMRCH CENTER STRATEGIES FASTER THAN OTHERS

@ 2013: Global Scan of Most Advanced and Holistic DE

1. Enabling digital technologies are changing how
companies are doing business using model-centric
engineering (now Digital Engineering)

2. They use model-centric environments for customer
engagements, and also for design analysis and review
sessions

3. They use commercial technologies and have developed
a significant amount of infrastructure on their own

4. We heard about mission-level simulations that are
being integrated with system simulations, digital assets
& products providing a new world of services

Approved for Public Release
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CONCEPT FOR NEW OPERATIONAL
PARADIGM FOR NAVAIR SET

ION

SET Framework — Circa 2016

r——

-
Misslen
Effectivensess
£ optimization
— -

Re-balance as
required

o L

Ty B3

Right-slze COD —
wary few KPPs, all
tied to mission

Lo

syrt:m";m = \‘ Shagte Authoritative Source of Truth )

_4 Elements

Instantiate amd
walldate deslgn
In models
—

Elimination of paper CDRL artifacts and
large-scale design reviews

Continuous insight/oversight via digital
collaborative environment and
interaction with the Single Authoritative
Source of Truth

—

Element 4

| B el oo et | Design & Manufacture Release |
I ™ Mechanical Design Models - /’{ —3
_ 2 s&
Electrics als = a
pr— g 1/ o
e = =- Software Design models | | g | == E
Element 2 | -~ =i o o
e T — Testing Methods & Models g %
A, Beguiremenks - 4 Param eirics | E
r v
Analysis Tools T
L— - Mowve rapidly to mifg.

MDAO*/SET-BASED DESIGN

Substantiation and
Inzslght via modealing
enmylronmant

* Multi-Disciplinary Analysis & Optimization

MNAVAIR Public Relaass 20117-370. Distribution Statemant & — “Approved for public releass; distribwtion s wndmited™

Approved for Public Release

20



S Y S T E M S ACQUISITION INNOVATION RESEARCH AND SURROGATE
ENGINEERING RESEARCH CENTER EXPER'MENT CONTRIBUTES BROADLY TO
EmEnnen eEnTEn NAVAIR SET FUNCTIONAL AREAS

r‘f SET Research “H Workforce & Integrated Modaeling Process & Policy, Coniract & SET Enterprise
Team Culture Team Environment Team Methods Team Legal Team Deployment
e ——— ) e | "
1 1 'D'I'F'IU]TI'I'H'I'I'I 1
5E Process Model Contract !
- L e e
Initial Training I IT Infrastructure : mas-is | “lo-be” —:' Language : Strategy &
. | 4 A k Planning
T e | N} . \
Training Content | ! - . Dev. Modeling Tach Data ! Acg. : Increment
—+ —  Maodeling Tool-Set | | =+ —- - 1=
KEY AREAS OF ! Hevsiopment : | . | B _’*1“1"_“"';“'_“'2?_ N Artifacts | Deployment
RE SEARCH: || | /=== /| mEEEEEE=E==== {]| ; (nEiee——— { lemcmcmce=== 4 -
Model Integration | P
v i on 5
Seoiel ek gey Even if technically feasible, there are many |
/
MDAQ ==/
wirnsies  changes that will need to be made for NAVAIR Surrogate
Modaling | Expariment
Model Visualization ° J
Rosdmap & to adapt, adopt, transform, and work with  ==’|\ g
Implementation _:_ Lessons Learned ||
o [ ] L] 5 I
contractors in radically different ways e ]
___________ J
ki RIP erformancs { e Y| | System Model ]
- Model B Collasborat ct 1= Technical | T e o ,
i| Lollaborabion Gir. | | |\ i T i Email: 5E_Transformatiomn@navy.mi
\ ‘e— /| VNeee—— /
] o ‘I T S HAVAIR MESE C-::mmunltl.l uf Practlcn
1 Gowv U Prime nst ions T i p e
Ol R -— —_— Ly FHEFRE S DONTRTILIN . SO, OO WAL T e
—:- utreac '[71 collaboration cir. | | & Guides o ey Syt o e
\ I — ] i ——— :
----------- ! \
i | Data, Process, | | | 0
l‘\ —/ = Recruiting —  Knowledge Ref. FL VA&V Process i
Model \ )
II ——————————— \ II ——————————— \ {===========\
: Decision ! Model : :
_l A- - . .
Data Standards |‘ Framewark T |\ Visualization : |\ Virtual Reviews _:_ CBA Links
___________ / —————— —_——eeeeea / Vi1.3
NAVAIR Public Release 2018-194. Distribution Statement A — “Approved for publlc release; distribution is unlimited”
Approved for Public Release 7



%l SYSTEMS Surrogate Pilot Scenario:
' Reseancn cenren UAS Search/Rescue Mission

@ 2015 Concept of Operation for SE Transformation demonstrates new Operational Paradigm

ACQUISITION INNOVATION

Deep Dives by Phases

] R & Performance constraints force
Graphical CONOPS ! ' Multi-physics Design considerations
Scenario: Search & s 5~ _

Rescue P1: Multi-physics

Similar to Bell Eagle Eye

L5 l,a el

Conform to NAVAIR
Systems Engineering
Method (NAVSEM)

ACTIVITY ———————  ACTIVITY

!

DEciSION  ———e  ACTIVITY

s

P3: Cost Modeling

Doing Everything in Models to Demonsirate Art-of-the-Possible

NAVAIR Public Release 2019-443. Distribution Statement A — “Approved for public release; distribution is unlimited”

ROLE A ROLE B

Approved for Public Release



SYSTEMS oUTON MOUATON SKYZER DEMONSTRATES MODELING AT
ENGINEERING AlRC DIFFERENT ABSTRACTION LEVELS

RESERRCH CENTER

@ 2016: Skyzer Modeled Everything in "Full Stack” to Demonstrate the Art-of-the-Possible

1 1
1 1
,_ — 1 1 1
Other Business Models

Operational Models I
Personnel, support, training, etc. H
i
S
£
MBSE System Model is ug.,:
___________ Authoritative Requirements 35 i
TOOIS & ) User Capability Model Source (e.g. Gov't !
(aka Mission Model) Specification) i
languages __ _ _Acquisition _ _ __|_|
. — Agreement s 1
app licable <57 | System Model _ _'"f'a_lsf s'_e"llvl"ie' ____________ Main "§_ o
_System p Final System Model Contract ; i
— Level  Fynctional Baseline /\/\ -§ : : i

G |
O | 1 1
S 0
T 1 1
o ! 1
MBE Sub-System 1 Sub-System 2 Sub-System n Sub : i !
_______________ -
Model Model eo0 Model Contracts & 1 1
Sub-System_ o &0
tOOIS & ‘< Level Allocated Baseli _:o: i : I
Discipline-Specific Models § i H P
ang ud ges (Mechanical, Electrical, SW) "g' i i i i
01 N
. -0 1 1 1 1
omponent omponent omponent n I
applicable Component 1 Component 2 Comp 20

i
o Model Model s00 Model v Vv v

NAVAIR Public Release 2017-892. Distribution Statement A — “Approved for public release; distribution is unlimited”
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SYSTEMS COUSTION NOVATION ORGANIZE THE MODEL TO THE
ENGINEERING AIRC SE PROCESS

RESERRCH CENTER
2023: Spacer replicates “Full Stack” Pattern using NAVSEM@

Model’s Setup and Compliance with NAVSEM

. Process Steps shown in DocGen Output in OpenMBEE
¢ USIng NAVSEM, models can be MagicDraw Containment Tree View Editor web-app

setup and organized more SR

RESEARCH CENTER

. 3 0.0 Syster
efficiently “;f @@ 1B + 8
“EJ - Y Filter table of contents
® Document Models Can be used g * K Spacer Mission Document
to keep traCk Of Com pl Ia nce Wlth [']ﬂ : e = TR ;Djt? l;::c”f;:ioznnd Information
N AVS EM é ERTEE.UOFISH B 1.2 Reference Material
. -v|‘=‘_'| » & 1.3 Modeling Standards and Conventions
> The outline of the Document 02 B 1.4 Model Structure
model is consistent with the 602 O e
B3 2.0 perational Level Stakeholder Needs
NAVS EM pl’OCeSS Ste pS B-3] 3.0 An B 2.2 System and Operational Context
. . . . . e =0 B 2.3 Causal Analysis
> If information is missing from an 4k 4 el
element within the outline, then 60 g
o o o o B &. i 2.6 To-be Domain Architecture
this tells us model information is &0 =
m | SS' ng a nd th u S n Ot yet fu I I y gg » [ 2.8 Operational Requirements Assessment

compliant with NAVSEM « Spacer M|55|on Model shown for example
* Spacer Mission Model covers Steps | and 2 in NAVSEM

Approved for Public Release 10



ENGINEERING RESEARCH CENTER ENABLES ACQUISITION ANALYSIS

RESERRCH CENTER

SYSTEMS AIRC ACQUISITION INNOVATION “FULL STACK” OF SKYZER MODELS

Skyzer links MBSE Cost Model to "Full S’rack”@

Reference models characterize reusable information and process

Generalization of
Previous

MIEBem Sy Usine and Tailorin | NAVSEM ! | Airworthiness | | CBT&E/ |  Cyber !
. = g 8 . Model ! Model ! MBIDModel ;i Model |
i Mission | Reference Models il fristsistsiell i e
Reference NAVSEM / Reliability and Cost More
. Models Compliant | Maintainability | ! Model :
___________________ | “Full Stack”
I Syst :
! ystem : Skyzer Stakeholder Analysis Models
' Reference . A
| Models | Mission Instance of Criteria focused on Capability-based
Project Model CBT&E / MBTD Test & Evaluation (CBT&E) and
Usag» Model Mission- Test Design (MBTD
L&RS Skyzer :
" dyls System v Instance of Criteria needed and evidence provided
> Model Airworthiness Model | for getting a flight clearance
t 3
Contractor !
RFP Response Instance of Cost Modeling approach based on
Model Cost Model using MBSE artifacts

Avianics 4
M Airframe

Landing-Gear L
S How to model to develop Authoritative Source of Truth

Approved for Public Release



AIRCRAFT SYSTEM COST MODEL -
STRUCTURE ALIGNS WITH MIL-STD 881

‘ Diagram name ”WBS Cost Element Structure |

SYSTEMS
ENGINEERING

RESERRCH CENTER

ACQUISITION INNOVATION
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AIRC

bdd [Package] Aircraft Systems - Development WBS Cost Elements [ WBS Cost Element Structure ]JJ

Navigation

Cost Model Structure Overview

‘ Author

||.*\\exandra Kilmon

‘ Creation date

|[stz7120 1240 PME

MNeeds rol-up
pattern applied

[Wodification date|[6/23/20 10:33 AM

ablocks
Aircraft System Cost- 1.0

|

«blocky
Aircraft System, Integration, Assembly, Test, and Checkout Cost - 1.1

properties
p1: MIL-STD-881D Aircraft Systems (Development)

«blocks
Air Vehicle Cost - 1.2

«blocks

«blocky
Ground/Host Segment Cost- 1.4

«blocks
Aircraft System Software Release 1..n (Specify) Cost- 1.5

«artifacts
MIL STD-881D Aircraft Systems (Deve\op

Payload/Mission System Cost-1.3 ‘ /

WBS INDENT
Total Ownership Cost

Development

Matenal Solution Analysis

Cost Reference Model Aligns with

Work Breakdown Structure
from MIL-STD 881 (F)

Technology Maturation & Risk Reduction
and Manufacturing Development

Engineeny

ablocks ‘

Systems Engineering Cost - 1.6

«blocky
Program Management Cost - 1.7

llllll

«blocks

Contractor Logistics Support Cost - 1.14 ‘

ablocks
Industrial Facilities Cost - 1.15

«blocky

lllll

Initial Spares and Repair Parts Cost -

1‘15‘

-

— Aiframe Aggregate | | | | |
« »
System Test and Evaluation Cost- 1.8 ‘ F““-“E‘ m w w w w
Fuselage Aggregate
SITER Forward Fuselage
Training Cost - 1.9 T elage
«blocks Aft Fuselage
Data Cost - 1.10 Other Fuselage
Wi
«blocks ne
Peculiar Support Equipment Cost - 1.11 Emp‘mst
Nacelle
ptocks Other Airframe
Common Support Equipment Cost - 1.12 . .
Airframe Integration
«blocks ‘ Engine Propulsion S0
DperationaliSite Activation by Site 1...n (Specify) Cost-1.13 Enoi ] A
gine/ Propulsion Aggregate |
Provnlzinn Hardwrars [ [ [ [ [ [

Approved for Public Release



SYSTEMS NOTICE: SPACER USES THE SAME

ENGINEERING RESEARCH CENTER MODELING PATTERN AS SKYZER &

RESERRCH CENTER

REFERENCE MODELS

Determine
] ] . modeling
Using and Tailoring Reference models characterize reusable information and process N
Reference Models e —— S EhESRERERREEEEEE TTooooooooooo e T :
i NAVSEM E +Airworthiness | 1 CBT&E/MBTD | | Cyber | | Reliabilityand 1 Cost ]
I Model = Model Lo Model 'y Model i | Maintainability 1 i Model !
Assumes standards De-‘-ermine :_________ D :________________j :________________j :________________j e : :________________]
and reference models M
exist or will exist Where 1-0 S‘I'CI rf NAVSEM ore
Compliant \4 ) i Stakeholder Analysis Models
Graphical CONOPs derived from Full Stack
publicly available sources FireSat Mission Spacer Instance of Criteria focused on Capability-based Test &
o J— PJOJGC'C Model CBT&E / MBTD Model Eval‘uation (CBT&E) and Mission-based Test
/ sage Design (MBTD)
I
Ground
Space System Instance of Cyber Criteria needed and evidence provided for
Model Model getting a flight clearance
A A
T I
Contractor : .
RFP Response Instance of New Cost Modeling approach
* Payload Mozl Cost hiwelel based on using MBSE artifacts
* Guidance & Navigation [
+ Communication !
* Spacecraft Command .
* Etc. i Evaluation ) .
ayes * Ground Equipment Control Model RFP Evaluation Model for Source Selection
* * Communication

GrCIphiCd| * Mission Data Processing
* Etc. How to model to develop Authoritative Source of Truth
CONOPS ¢ P

_Appr;/ed for Public Release



DOCGEN GENERATED VIEW
B BN scausouowToN HIERARCHY TO COMPLY WITH
NAVSEM STEP 3.0 AND 4.0

QE Surrogate Pilot switch Org

I
ﬁ;:ﬂf:; Project: Skyzer_bek1_IM90-30_etc ~ & > I Skyzer Syste
Stakeholder
Needs @ @ I & +
Mission rh )
Model | Y Filter table of contents
A [CDD CmPIere_\]{ v [ Skyzer System Model
Uses =—FT"7——— | - ———-—-= << - - — - : :
T v [l 1 System (Black Box) Requirements
L&R Sys Skyzer W B 1.1 Technical Domain Stakeholders
3.0 Anal System
Model System & oy [Bla::eBJq » [ 1.2 Selected Operational Use Case
Model Requirements " » B 1.3 Mission Scenarios (System Black-box)
4 r » [ 1.4 Critical System Properties and Constraints
RFP Response | » I 1.5 System Context
Model S B 1.6 System Design Constraints
4,0 Define X _
/\ Logical (White I 1.7 Black-box System Requirements
Arcl?::gture » [ 1.8 System State Machine
Pl’OpU|Si0n th I 1.9 System Requirements Variation Analysis
SUbS)’STem Model | ' B 1.10 System Requirements
u W n B 2 Logical (White Box) Architecture
Lcmdlng-GeCIr 5‘?:%:}::;“ k21 Logical Decomposition
Subsystem Model Physical I 2.2 Interaction Between Logical Components
Architectures R
e B 2.3 System Logical ibd
L el n B 2.4 Logical Components
ward/System Level] v

I 2.5 Alternate Logical Components Evaluation

I 2.6 Logical Component State Machine

NAVAIR Public Release 2020-280. Distribution Statement A — “Approved for public release; distribution is unlimited”
Approved for Public Release 14
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69 Surrogate Pilot Switch Org

ACQUISITION INNOVATION
RESEARCH CENTER

Project: Skyzer System Model Document * @& » Skyzer System Model Documents » B Skyzer System Requirements Analysis (Step 3)

@ @ { B + i
T Filter table of contents
v [ Skyzer System Requirements Analysis (Step 3)
» [ 1 Technical Domain Stakeholders
+ [k 2 Selected Operational Use Case
i 2.1 Operational Use Case Signoff
» [ 3 Mission Scenarios (System Black-box)
» & 4 Critical System Properties and Constraints
~ [ 5 System Context
~ [ 5.1 System Black-box ibd
§ 5.1.1 1. Black Box Specifications
i 5.2 System Interface Definitions
I 5.3 System Context Signoff
i 6 System Design Constraints
i 7 Black-box System Requirements
i 8 System State Machine
I 9 System Failure Analysis

v v v ¥ v

i 10 System Requirements Variation Analysis

We place the Digital Signoff with the
associated modeling element(s) that

provide evidence
We can Transform CDRLs

& pocLIB <

[ uc [Package] 3. Mission Use Cases| %) Resupplying ships using autonomous cargo-hauling/-

7 UC 1.1.6 Activate
: and Launch UAV o
- sincludex - iy o

\h_'_ynv lands on snip__:")

(;__Uﬂ Take off smp__) _ ’ E
— aincludes S
/ wstakeholders
«Performers
Mission Commander

™ gincluden

is St

«stakeholders e
«Parformers /" Resupply Ship using

UAV Operator _h_‘_’{_:‘ Autonomous

Cargo-Hauling

{concern = Responsivenass, Safety, Mission Performance, Logistics, Compatibility}

{concern = Responsivenass, Mission Performancs} *,

wblocks
«Parformers
Skyzer System
wblocks .
wPerformers
Mavy Ship

ablacks [ wblockn wblocks
«Performers aPerformers «Performers
Skyzer Team Maintenance Team Support Team

Figure 3. Resupplying ships using autonomous cargo-hauling

2.1 Operational Use Case Signoff

® EXPORT CSV T FILTER TAELE

R Table 3. Operational Use Case Signoff

Approved Elements Approval Status © Approved By (SME) © Approved By (Chief-Engineer) Completeness

Selected Operational Use Case approved Mark Blackburn - 100

Comment

Approved for Public Release

LINKING MISSION MODELS TO
SYSTEM MODEL TO DEMONSTRATE
AUTHORITATIVE SOURCE OF TRUTH
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Demo:

Digital Signoffs
In the Model

SYSTEMS

" ENGINEERING

RESERRCH CENTER

AIRC

ACQUISITION INNOVATION
RESEARCH CENTER

DIGITAL SIGNOFFS ARE TEMPLATE-BASED &
TAILORABLE TO SUBJECT MATTER EXPERTS

Skyzer demos Digital Signoff in Model to Transform CDRLs

bl [Facihuge 1.8 & Fagers) SyileT Filond By 1.8 4 rageg Syilen Pty |

TABLE 1l Hhk s i i i

T EXFONT CBY

Approved
Elaments

3.9 Fault Tresa
Analyas

9.2 System Failur

Last blodied: 551320 B:36 AM &

T FILTER

Table 178. System Failure Analysis Signoff

TABLE

y bBen

=008 Qb
RISK ASSESSMENT MATRIX
Fault Tree i
I . Model
Mitigation Requirement _
. «0f date =Bt Ecn
to address Basic Events Camurs Matsraran Faias Poaiz |
that could lead to s
Mishap for the Hazard R -
=eags S Veeason o4 Camars Cuta |
FTROR S = =1 =AM
T & “Af Oprator shad
I ey |
nalysis Signoff e B e e
Indiwichaad YHF Mobunirnans
mmwm X = "I

Taxi & “Th vadias inn Fom
e LA 1o ahig Rl B
iy Ml hEA W i Pl
TRTRAT R NI w."-.f Y
VHE yrmniceion IS ¥
o Siabon”

Approved
Approval Status Completeness Probability Impact Com ..
s Fault Tree analysis is the Model
e iz :ﬂ 7 ”;11‘1“'3 i y 1'?1”5 ::: = Artifact being assessed for a
B & 4 x = ' . - potential hazard, and assessment of
4 Adam Bakar iy raisd an foddra .
wjocted ) s B x B s B basic event added Completeness, Probability and Impact
- a0 A Ao is captured with Approval Status for
Digital Signoff by SME

Approved for Public Release 16



DIGITAL SIGNOFF OF SOURCE
- ENGINEERING AIRC | moumoumo SELECTION TECHNICAL EVALUATION
® RESERRCH CENTER DONE IN MODEL

YWE Swrragate Pilal Switeh Om LIAT Halp =

Propect: Skyzer_AFP_Altair w2 = & « N Skyzer RFF_Rsaponas Branch; mani

B ee I K+ 8 & DoCcLID F & o |} & Aexponr-
2.1.1 Technical Cross Reference Sign Off

= [l Skyrer AFF_Aesponse
(] . 1 Viodumad | Exediuning Summrey
b 2 Violums || Techrical Dosoriptic
b 3 Appercis

B EXPONT CAY T FILTEN FABLE
Technical Cross Referance Sign Off

pproval dpproved

Approved Elameats Hizk Status By Caamrmend
Alr Vehicle Parformance; medurm  approved  Donald Evaluaticn Workshaat: Owarall the aircraft far excesds the operational radius
Operational Radius Polakovics KPR

Potential Strangths: Very significant margin for sdditional mission capabikty
angl wersabiry

Waaknesses: Aircraft may be lager and mone expansiee than necessany 1o
do the mission

Defichancies: Mona

Uncartainty: Performance analysis coukd not Ba reviewed in its antinaty dua
o soma Inconsstent data. Marpns seams larga ancugh 1o cover this

howerver
UAS Capability vary undefined  NAA MR
srmall
Alr Vehicle Parformance; medwumn  approved  Donald Evaluaticn Worksheat: Owarall the design appears o have sufficlent
Enduranca Folakovics andurancs, with adeguate develomeant mangn.

Approved for Public Release 17
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* ® RESEARCH CENTER RESEARCH

First four chapters reflect on
research over the past 10 years

Provide guidelines related to
topics covered in course
modules

the Digital Age

Approved for Public Release 18



' syorems EUNTVCNNSNNIY DiGITAL ENGINEERING USING

COMPUTATIONAL ONTOLOGIES

We formalized tradespace analysis
methodology using SysML models, ontologies | Adncd

Data

and semantic technologies with Armaments | Bevitton

&

Interoperability and Integration Framework | "
(loIF) and workflows for US Army Armaments
Center

(Al, Data
Analytics,

Details discussed in NDIA talk: A Digital Machine

Learning,

Engineering Methodology for Interoperability | vpro-)
Using Ontologies

924n0S aA1lE_IOYINY 0}
aSueyox3 aoeiaiu] Yyary Ajjeanuewas
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Mark Blackburn (PI), Stevens

Rob Cloutier (Co-Pl) - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-118 (2014)

Mark Blackburn (PI), Stevens
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Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Ralph Giffin - Stevens

Benjamin Kruse - Stevens

Russell Peak — Georgia Tech.
Stephen Edwards — Georgia Tech.
Adam Baker (Grad) — Georgia Tech.
Marlin Ballard (Grad) — Georgia Tech.
Donna Rhodes - MIT

Mark Austin — Univ. Maryland

Maria Coelho (Grad) — Univ. Maryland

WRT-1008 (2019)

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

John Dzielski- Stevens

Benjamin Kruse - Stevens

Bill Rouse — Stevens/Georgetown
Russell Peak — Georgia Tech.

Selcuk Cimtalay — Georgia Tech.
Adam Baker (Grad) — Georgia Tech.
Marlin Ballard (Grad) — Georgia Tech.

Alanna Carnevale (Grad) — Georgia Tech.

William Stock (Grad) — Georgia Tech.
Michael Szostak (Grad) — Georgia Tech.
Donna Rhodes - MIT

Mark Austin — Univ. Maryland

Maria Coelho (Grad) — Univ. Maryland

WRT-1025 (2020)

Mark Blackburn (PI), Stevens
Mark Austin (Co-Pl) — Univ. Maryland
Maria Coelho (Grad) — Univ. Maryland

Approved for Public Release
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ART-002 (2018) — ART-022 (2021/23)

Mark Blackburn (PI), Stevens

Dinesh Verma (Co-PI) — Stevens
Kunal Batra — Stevens

Mary Bone - Stevens

John Dzielski, Stevens

Steven Hoffenson - Stevens

Steve Hespelt — Stevens

Tom Hagedorn — Stevens

Roger Jones — Stevens

Philip Odonkor — Stevens

Annie Yu — Stevens

Benjamin Kruse — Stevens/VT

Chris Snyder - Stevens

Brian Chell — Stevens

Chuck Colllard— Stevens

Daniel Dunbar (PhD) — Stevens

Josh Maccoby (PhD) — Stevens
Renee Blatchley (PhD) — Stevens
Maximillian Vierlboeck (PhD) - Stevens
Andrew Underwood (Ungrad) — Stevens
Benjamin Steinwurtzel (Ungrad)
Ariela Litvin (Ungrad)

Aughdon Breslin (Ungrad)

Joshua Bernstein (Ungrad)

Cory Phillipe (Grad) - Stevens

lan Grosse — Univ. of Massachucetts
Doug Eddy — Univ. of Massachucetts
Joe Gabbard — Virginia Tech

Kyle Tanous— Virginia Tech

Jared Van Dam (PhD) — Virginia Tech
Kelsey Quinn (PhD) — Virginia Tech

WRT-1036 (2020)

Mark Blackburn (PI), Stevens

John Dzielski- Stevens

Russell Peak — Georgia Tech.

Selcuk Cimtalay — Georgia Tech.
Taylor Fields — Georgia Tech.
William Stock (Grad) — Georgia Tech.
Sahil Panchal — Georgia Tech

Jake Sisavath — Georgia Tech

Gabriel Rizzo — Georgia Tech

WRT-1054 (2022)

Mark Blackburn (PI), Stevens
John Dzielski- Stevens

Tom Hagedorn — Stevens

Steve Hespelt — Stevens

Chuck Collard— Stevens

Daniel Dunbar (PhD) — Stevens
Kevin Morrill )- Stevens

Russell Peak — Georgia Tech.
Selcuk Cimtalay — Georgia Tech.
Taylor Fields — Georgia Tech.
Adam Baker — Georgia Tech.
Avik Banerjee — Georgia Tech.
Vanessa J. Nuhn — Georgia Tech.
Cole A. Sherling — Georgia Tech.

WRT-1084 (2023)

Mark Blackburn (PI), Stevens
Tom Hagedorn — Stevens
Steve Hespelt — Stevens
Chuck Collard— Stevens
Daniel Dunbar — Stevens
Steve Jenkins — Stevens
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