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Copyright and Disclaimer

Certain commercial software products are identified in
this material. These products were used only for
demonstration purposes. This use does not imply approval
or endorsement by Stevens, UMass, Virginia Tech, SERC, or
CCDC-AC/DEVCOM nor does it imply these products
are necessarily the best available for the purpose. Other
product names, company names, images, or names of
platforms referenced herein may be trademarks or
registered trademarks of their respective companies, and
they are used for identification purposes only.
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Organization

* INTRO (WHY): Context/Motivation — How did we get here?
* WHAT: Digital Engineering Enabling Technologies and Methods

* HOW: “Full Stack” of Models with Integrated Workflows Coordinated
using Armaments Interoperability and Integration Framework (lolF)

* HOW WELL: Transitioning research using two different training
courses for two different use cases
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Characterizing Challenges of Research Space
(Started with DEVCOM-AC ~2015 & NAVAIR ~2013)

Mission Effectiveness Methods for
C(Z)oncelz.t of Optimization to right-size Identifying
peration Mission & System Capabilities KPPs
(CONOPS) i
Trtls S for the critical
of mission Key Performance Parameters (KPPs) eIt i
alternatives ("All requirements are tradeable”) : l
What Trade Space Decision
of system Framework
How & subsystem (Performance
alternatives VvS.
How well Cost
' ‘ VS.
. | Time
l Information Model (ontology) vs.
_____ )\ apturing Cross-Domain | “ Risk)

-
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Motivation: Transform Beyond Stove Piped Analyses

Systems Engineer
e Communicating

* Translating
* Facilitating data flow

Regs and . Regs and Reqs and Regs and
parameters parameters parameters parameters
Reports 8 u Reports 8 u Reports & u
design design design

Statistical
Analysis
Use Case
Structura
| analysis

Regs and & Regs and @ Regs and @
parameters parameters parameters

Security

Evaluatio
Analysis
Decision
analysis

eports & u

design

Reports 8 \
design
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Example: Cross Domain Relationships Needed for
System Trades, Analysis and Design

* Mission objective: continuous * Operator Domain
surveillance > Pilot remotely sends message to control
value

* Capability Refueling UAV o |
e Systems: UAV and Refueler * Communication Domain

> Message sent through network

* Valve - Cross-domain Object : :
* Fire control Domain

* Mechanical Domain > Independent detection to shut off valve
> Valve connects to Pipe

* Safety Domain

* Electrical Domain
> Switch opens/closes Value
> Maybe software




Example (alternative): Model and Simulation
Interactions for Mission Level Optimization*

Decision variables Wind speed and Target initial
s ~ . . .
(1. Projectile mass \I direction distance
I 2. Torsion spring
|
constant ! PR
I 2 Arm lancth | Projectile .
| 3 gt initial Maximum
| -
I . Catapult conditions Exterior Range Terminal Hi 5
I i - . it target?
| I Physics Ballistics Ballistics
|
| 4. Number of /
| catapults I Accuracy, fire rate
I'5. Crew number 1 Cost
: and quality : 03
|‘ 6. Manufacturing N —_ —_— — —_—
. _qlial_lt! L /’ Design Operational External Parameters Outputs
inputs inputs inputs passed between

models

*Chell, B., Multidisciplinary System and Mission Design Optimization, Dissertation Stevens
Institute of Technology, May 30, 2021.
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Tracking Digital Engineering for Systems Engineering Roadmap: Goals are
Mutually Supportive not Orthogonal

! Be 9 Fully Implemented
Tool & Domain  Automated High Fidelity s Digital Engineering

Methodology
Development
and
Training

DIGITAL
0 ENGINEERING
STRATEGY
W
o )
\\

MBSE

\N
Strengthens & o“":
SE g\‘b\

Modeled

. RESEARCH ROADMAPS
Everything

2019-2020

SERC Capability Maturity
Transitioned
Transition Needed
® Projects Underway

o Rasowc ouss ——————

* https://sercuarc.org/wp-content/uploads/2020/0 | /ROADMAPS_2.3.pdf
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Enabling Technologies of Ontologies and Semantic Technologies
Support Cross-Domain Model “Integration” through Interoperability

Scatter Plot Dashboard
for Decision Making related to Obijectives
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Strategic/mission-level

System Model & lolF decision-maker
« Consistent syntax * Setting requirements &
objectives

* Ability to provide inputs, execute
simulations, and process outputs

* Contextualized data storage

¢ Data visualization

* Exploring tradeoffs

* Adjusting requirements &
objectives based on
capability information
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Example Reference Architecture for “Full Stack” with Tools

% — Digital o Used Tools:
ATtmery Spatem Cane Stedy - Uee Caess u-momw H;- OntOIOgleS et Oatorogy f ;I.“.““ i
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lolF Catapult Ontology-Based Use Case used in Course and Exercise

Catapult Transform
System Model SysML into e pg’[hOﬂ

inSysML  Ontology-aligned “data” Interoperability and

Visualize Tradespace
& Digital Thread
in Dashboard

ibd [Domain] Catapuit Competition{ Cataput Context ] J .
Integration Framework (lolF)
e supports Loading, Parsing, e pgthon
e Mapping and Querying Uses
of Linked Data across Tool Proxy &
— ontologies (domains) 1ol[E Semvias
Run Fire
." creo: B 4 Simulation
Triplestore ‘
3D CAD Model (o 0% | PEFS o ML
“o" o Repository for
. LlinkedData . Uses
AN from Different . Tool Prox?/ &
| Ontologies lolF Service
Initialized |
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Abstract Digital Thread Showing Interconnections between Models &
MoEs & Workflow Executed in Python-based Jupyter Notebook

. . Mission MoE: Impact Mission MoE: Flight Mission MoE: Impact
O b] ectives Angle Time Velocity
Y A A
System MoE: Range System MoE: CEP
A 4

System Model
(SysML)

XY Analysis Model
(Python)

ire Simulation Mode Fire Error Analysis
(MATLAB) Model (Python)
I \
Geometry Model
(CREO)

[ Manual Input }
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HOW: System of Analysis Methodology derived from ISEDM*
formalized using lolF and SysML

Objective (Key Performance Parameters/Indicators) Scatter Plot Dashboard
and/or Mission Measures for Decision Making related to Objectives
g " omt | 08I —" I _7;‘;‘ {8: : ' o8l uu ; i E Le gend
| | ; ; ‘ ’
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B A | e
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olf 02011 To = SRR I |
o - . . R e § R S R T o
S Assessment Flow Diagram (AFD) o Fstmatedtan Y e Am;." T |
- . zSO Ea);z J.
£ i - rendered in SysML "configure” lolF s 1 1
2 AOO9 O —— (9§ o) e |
- Y R~ D) R Y T X I D & I i l""i” i i
2 ¢ °'30 S WL § i : LS
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*Integrated Systems Engineering Decision Method (Cilli 2015): additional details in backup.
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AFD Formalized Representation of lolF Data Exchanges between
AnaIySiS TOOIS USing SySML Yellow blocks are SysML elements

. Blue blocks are
and value properties
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Catapult Mission/System Model Tagged with Stereotypes that Map to Ontology

Classes

bdd [Package] Mission[ Mission ] )

Stereotype
“Tag”
maps to
Ontology
Class

«block»
«ArtilleryBattery»
Battery

battery

wvelocity» Impact Velocity : Real
«Angle» ImpactAngle : Real
«Cost» Mission Cost : Real
«Duration» FlightTime : Real

artillery System

1.+

«Duration» Time to Kill: Real

mission Environment

«block»
«ActO ent:
ﬂﬂitsyEungagem »
Catapuit Mission «T ‘b'wm",m
3 s target/Enemies Target/Enemies
«velocity» LaunchVelocity : Real
«Angle» LaunchAngle : Real = 12 values

«Height» Height : Real
«Distance» Range : Real

«block»

$»  «Weapon System»

Artillery System

values
CEP : Real
Operating Temperature : Real
ReloadTime : Real [..5]
Range : Real{nonunique}
Initial Fire Rate: Integer [5..]
Sustained Fire Rate : Integer [8..]
Emplacement Time: Real [..3]

«block»
«GeospatialLocation»
Mission Environment

values

Gravity : Real = -9.81

Height : Length [..0.4)unit = Meters)

Width : Length [..0.08]unit = Meters)

Weight: Weight [..10Junit = Pounds Force}

«system»
«Catapults
catapult System
Catapuit System n ——
values

Amount : integer «block»
Type : Integer «Atmosphere»
Length : Length [..0.3)unit = Meters) Atmosphere

values
Temperature : Real = 23
Density : Real = 1.225

Profile Diagram Ontology[ [f5| Ontology ])
‘ «stereotype»
ApplicationSpecificDataStructure
[Element]
astereotype» astereotype» «stereotypes
Atmosphere ArtilleryBattery FieldArtilleryTeam
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Cost ImpactProcess QualityMeasurement
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Acceleration Weapon System TimeStepSpecification
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Capacity Potential Energy CircularErrorProbability
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Humidity DesignativeName SampleSizeSpecification
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Weight SurvivalCapability ActOfMilitaryEngagement
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
Temperature FireRateCapability InformationContentEntity
[Element] [Element] [Element]
«stereotype» «stereotype» «stereotype»
WindShape GeospatiallLocation ActOfProjectileLaunching

Stereotypes provide straightforward

Quadrant Elevation : Real [600..1500]= 600 = - Oeconds(unk = Seconds) Humidity : Real
Penetration Survivability nergy Windspeed : Real
Direct Fire Survivability Windshape : Integer
Launch Velocity : Real
Launch Angle : Real «block»
ManufacturingQuality : Real — «Projectile»
Cost : Real projes Projectile
Time to Field: Real
o values

Blast Survivability i Faal

radius : Real

drag coefficient : Real

impact velocity : Real

Shape : String = Spherical

designedEnvironment density : Real
storage «requirement»
arew l Compatible with Projectiles
«block» «block» «block» Id = "SNF-10"
«FieldArtilleryTeam» Dﬁm&:[loeahom' Storage Text = "The Weapon shall
Crew e values be compatible with existing
values values AmmoCapacity : Integer catapult projechl&c (as
Crew Size : Integer [..3] Inciine/Decline Angle: Real Temperature [20..100] defined in Appendix B)"
Quality Temperature [-20..160]

means to provide the required
metadata for tagging system and
mission models
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AFD Generalization that can be Configured for Various Types of Analyses with
Digital Thread

Parameter
Flow Direction

. Provided
. Required

i SYSTEMS
“ite” ENGINEERING
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Value Property (parameter)

Mission Model Goals [I..1] SysML

Tool Proxy Flow:
lolF Service or

Direct (e.g., REST) ‘\\ st

.
Y 2
®

>
> ’
v
PR

Measures of Effectiveness
Measures of Performance
Key Performance Params
Operational Properties

etc.

Digital Thread
with Visualization

Models Simul ti‘QD/A‘I‘;;.l)'SiS [0..%] Vigualization [0..*]
JP—TS = i | pamiyalS Workflow + o Visualization
- dyndeia s . Service + . or Control
] 2ESF ! H B : Ontologies - Dashboard
) CFD A - Graphical
erm 5k CONOPs
- MDAO ESystem/Subsystem/AnaIysis I 'AR/\_/B
- Geometry — * i &Mission Model [I..1] : - Decision
: B . — Framework

- Exterior l - DT Impact

Ballistics Sens N, s ccsssssnnnnnnnnnnunnn o i |
- PLM/DBMS Intermediate - .Perat.'ona
- Etc SysML parameters and initial Iélmulatlon

' - Etc.
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Digital Thread Impact Analysis Visualization runs in Web-browser and
data rendered in Dashboard is live data coming from lolF

Impact Analysis Individual Setup Requirement Setup Requirement Checking
Key
Regq. lolF System and Mission Impact Analysis

SYSTEMS
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Visualization show Upstream & Downstream Connections to
Modified Parameter

* Blue indicates entities upstream of a changed parameter;
* Red indicates entities downstream that may be affected

Tirwe 1o KiMsion Cost

gl ——AuaCol .
——A A <9 @

Range is
modified
parameter

%

Direct Fire Survivallitysrmg.~Fun Gést  cbjective Tirme 1o Feid

Changed Parameters
[[) Theta [] arm length [ Run Cost [_] Angle Error [[] Runtime [} xError [[] AdjustedAngle [[] AdjustedHeight [[] CEP [[]Runtime [_JRun Cost [_] Target Range ge [[] projectile radius [ Launch Velocity [ projectile mass [[] Range [[] drag

coefficient [[] Amount [[] FlightTime [] Density [} holder radius [] arm area [ Gravity [] Impact Velocity ("] mpz [] pin offset [[Jt_vector_rez "] ImpactAngle [] Mass [_] Temperature [} arm density [JRun Cost [[] Target Height ["JRuntime "] arm
interia [] pin height [[] Grosse PE [[] Type [[] Width [[JLength [[] Runtime "] Run Cost [[] arm masss [_] Mission Cost [[] Time to Kill [[] Time to Field []] objective [} Direct Fire Survivability
Upstream Affected Parameters

Parameters Parts Requirements
Theta Launch Arm Assembly
arm length Launch Arm
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lolF Decision Dashboard

Trade Space
Alternatives

T~

Integrated Systems Engineering Decision Method Dashboard

An lolF-integrated Decision Analysis Tool

Value Graph Objectives Value Functions lolF

Decision Support Model

C7
[ —
——

[
g 40
o
O
‘1: 20
(O]
o
0 90 95 100 105 110 115 120
Cost
Stakeholder
X-Axis Variable Stakeholder_1
Cost X ~
SUBMIT
Y-Axis Variable
Value Function Objectives: TimeToKill, mae, meanToF, RoudnsToKill,
Performance * 7 | Value Function Objectives

RoudnsToKill
10

Dashboard
Implementation
is Python-based

Notional Rendering
of Scatter Plot

‘e

e

L
ol
e

300
LFE CYCLE COST ($ mil)
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Conclusions - How Well

* Developed five case studies with different ontologies using an
evolving lolF Methodology

> Methodology formalizes mission and system objectives and system
parameters using an Assessment Flow Diagram (AFD) based on Integrated
System Engineering Decision Method (ISEDM)

> Mission and System models are tagged with stereotypes that are aligned with
the Ontologies used by lolF

> lolF use AFD to represent interconnection of models and simulations used in
the analyses

> lolF coordinates workflow of the simulations and visualization of Digital Thread
* Delivering second training course to transition research (Fall 2022)
* Have two PhD projects investigating the use of lolF
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Research Tasks and Collaborator Network

RT-48 (2013)

Mark Blackburn (Pl), Stevens

Rob Cloutier (Co-Pl) - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-118 (2014)

Mark Blackburn (Pl), Stevens

Rob Cloutier - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-141 (2015)

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Gary Witus — Wayne State
RT-157 (2016)

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Roger Blake - Stevens

Mark Austin — Univ. Maryland

Leonard Petnga — Univ. of Maryland
RT-170 (2016)

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Deva Henry - Stevens

Paul Grogan - Stevens

Steven Hoffenson - Stevens

Mark Austin — Univ. of Maryland

Leonard Petnga — Univ. of Maryland

Maria Coelho (Grad) — UMD

Russell Peak — Georgia Tech.

Stephen Edwards — Georgia Tech.
Adam Baker (Grad) — Georgia Tech.
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RT-168 — Phase | & 11 (2016)

Mark Blackburn (PI), Stevens
Dinesh Verma (Co-Pl) — Stevens
Ralph Giffin

Roger Blake - Stevens

Mary Bone — Stevens

Andrew Dawson — Stevens (Phase 1)
Rick Dove

John Dzielski, Stevens

Paul Grogan - Stevens

Deva Henry — Stevens (Phase |)
Bob Hathaway - Stevens

Steven Hoffenson - Stevens

Eirik Hole - Stevens

Roger Jones — Stevens

Benjamine Kruse - Stevens

Jeff McDonald — Stevens (Phase 1)
Kishore Pochiraju — Stevens

Chris Snyder - Stevens

Gregg Vesonder — Stevens (Phase 1)
Lu Xiao — Stevens (Phase |)

Brian Chell (Grad) - Stevens

Luigi Ballarinni (Grad) — Stevens
Harsh Kevadia (Grad) — Stevens
Kunal Batra (Grad) — Stevens
Khushali Dave (Grad) — Stevens
Rob Cloutier — Visiting Professor
Robin Dillon-Merrill — Georgetown
lan Grosse — UMass

Tom Hagedorn — UMass

Todd Richmond — USC

Edgar Evangelista — USC

RT-195 (2018)

Mark Blackburn (Pl), 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 (Pl), 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 (Pl), Stevens
Mark Austin (Co-PI) — Univ. Maryland
Maria Coelho (Grad) — Univ. Maryland
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ART-002 (2018) — ART-022 (2021/22)

WRT-1036 (2020)
Mark Blackburn (Pl), Stevens
John Dzielski- Stevens
Russell Peak — Georgia Tech.
Selcuk Cimtalay — Georgia Tech.
Taylor Fields — Georgia Tech.

Mark Blackburn (Pl), Stevens
Dinesh Verma (Co-Pl) — 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
Benjamin Kruse — Stevens/VT
Chris Snyder - Stevens

Brian Chell — Stevens Tom Hagedorn — Stevens
Daniel Dunbar (PhD) — Stevens Steve Hespelt — Stevens
Maximillian Vierlboeck (PhD) - Stevens Daniel Dunbar (PhD) — Stevens
Andrew Underwood (Ungrad) — Stevens Russell Peak — Georgia Tech.
Benjamin Steinwurtzel (Ungrad) Selcuk Cimtalay — Georgia Tech.
Cory Phillipe (Grad) - Stevens Taylor Fields — Georgia Tech.
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

Sahil Panchal — Georgia Tech
Jake Sisavath — Georgia Tech

1054 (2022)
Mark Blackburn (Pl), Stevens
John Dzielski- Stevens

William Stock (Grad) — Georgia Tech.

Gabriel Rizzo — Georgia Tech WRT-
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THANK YOU

| Stay connected with us online.
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