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Organization

* INTRO (WHY): Context/Motivation — How did we get here?

* WHAT: Digital Engineering Enabling Technologies and Methods to
Computationally Leverage Ontologies and Semantic Technologies

* 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 — one which is discussed herein

» Ontology Workshop and also modules in Digital Engineering/MBSE
Bootcamp




Overview on Topics

* Tool-to-tool integration challenges for cross-domain & physics-
based analyses needed at multiple levels of abstraction (mission,
system, subsystems)

* Integrated Systems Engineering Decision Management (ISEDM)
Process (Cilli 2015) for tradespace alternative analysis

* Formalized

SEDM process using SysML models, ontologies and

semantic technologies (SWT) with Armaments

Interoperabi

ity and Integration Framework (lolF) and workflows

» Formalized Assessment Flow Diagram (AFD) to characterize parametric
relationships between Mission and System objectives represented as value
properties associated with Catapult case study

> lolF links mission, system, and discipline-specific modeled parameters in
analysis to determine mission & system measures for objectives
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Operational Use Case from a Traditional Systems
Engineering Perspective

Circa ~2015 Chapter | — Overview of Overarching Approach

Mission Effectiveness

Concept of Optimization to right-size Metho'ds' for
Operation Mission & System Capabilities Identifying
for the critical KPPs

Key Performance Parameters (KPPs)

Trade Space (”All requirements are tradeable”)
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Visualize Mission & System Level Trades Across
Cost, Schedule, Performance
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Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,
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Challenges: Needed to Transform Beyond Stove Piped Analysis

Systems Engineer
*Communicating
*Translating
*Facilitating data flow

Reqs and Regs and @ Regs and @ Regs and @
parameters parameters parameters .

parameters

Reports & || Reports & || Reports & || Reports & ||
design design design design

Statistical
Analysis
Use Case
Modeling
Structural
analysis

Regs and @ Regs and Q Regs and @
parameters parameters parameters

Reports & ||
design

Security
Evaluation
Analysis
Decision
analysis

Reports & ||
design

SYSTEMS ENGINEERING RESEARCH CENTER SERC RESEARCH REVIEW 2024 | NOVEMBER 12



Example: Cross Domain Relationships Needed for System Trades,
Analysis and Design

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

* Capability Refueling UAV value
* Systems: UAV and Refueler

* Communication Domain

> Message sent through network

* Valve - Cross-domain Object e 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
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Ontologies and Semantic Technologies Support Cross-
Domain Model “Integration” through Interoperability

Scatter Plot Dashboard for
Decision Making related to Objectives
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* Provide inputs, execute decision-maker
simulations, and process Systems engineer *Setting requirements &
outputs « Reasoning objectives

* Linked data storage T * Exploring tradeoffs

* Data visualization * Adjusting requirements &

objectives based on capability
information
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Bring Data Across Disciplines into Linked Data that
Complies with Evolving Domain Ontology

|) Discipline-specific 4) New Data from
data extracted from models Mission & Cross-Domain analysis is propagated
understood/used by SME and System back (round tripped) into appropriate
stored in scalable graph-based Model models
: : . Data
repository (i.e., triple store)
Includes ontologies and ontology-
lolF aligned data (OWL & RDF)
D -
. omain
Mt=|i/clha:jn||cal Ontology Comm.
ofe H owy N Model
Data + Data
(CAD) PEF
lolF uses tool proxies to exchange data
through triplestore repository
Electrical
2) Use Queries (SPARQL) Model 3) Use Reasoners
to Find “Missing” Information Data to Infer New Information
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Example “Full Stack” Models and Related Tools

b4l [Package] Artllery System Case Study [ Desiging Systerm ] ( DIgl I

“Eniys “Eniy» Ontologies i I o0 I S.
Artillery Syatam Case Study - Use Cases Ammunition Ontology | Gun Ontology g [Project Ontology >
i~ 2 T [redefines modeling tool}
ased upon

| ; |profie based upan modeiing ool |1
, based upen

_._| _ |

Artillery Reference Architecture Skyzer IM90 - DocGen A

Protegé
[ &N - g
Or alternatively through Project Profile  View polnt Ovarvisw
direct adaplion of lemplate

Example inheritance
relalion representing
extension of reference
architec ture

Modal Types
[ =y=ML Mis sion Madel
[ Sy=ML System Madel
[ sy=ML Project bagme
O simulation Model
[ ontology
[ y=ML Referance Madel & Library
W TookSofta are

- T
et -
project usage

oy
~, - praject usage
< s

Artillery Mission H.o.d%

|
project usage
|

*MadelManagementSy stem A
ART-002 Mode|
{MMS URL = "http=/155_246.20.23:3081/7]

Vistnam Era Arf

ART-002 Project Overviaw

L =T
|
|
|
|

projectusage ,
s

Artillery System Model

|Projest

E . OpenMBEE

«Enitys

Vietnam Era &Artlllery Syatem Modsl |

deling tool
PRSI e grated with

keguired input

S

|
|
aBntiys I
! Baslc 5hall £ | |
| P -
| _|L‘r3jr.'cl usage| I
| project usage | !
| |
| - .
| |modeing ool
| — ==
N P N Artillery Simulation Model : agl cdraw.
| +Enlitys «Enlity» | integrated with |
| shell $imulation Mods| Artillery Simulation Mods) | | ‘ am eo
| geated with |
| lolF
"
aEniitys «Enlity»

AMNSYS CFD & FEProjectile Mode| ModsiCentar Artlllery Mods|

parts — o
: CFD Response Surface : Co-simulating of Physics-Based models : MDAD and V&Y with Limited

: Structured Mesh

lolF

"
: Co-simulating of Physics-Based madels
- Optimal Mes hing

inlegrated wilh

Gamin 4 .
g [redefines madeling tatfledefines modeling lool) I integratbd w il
|
,

{redefines modeling taal)

Engine — i 18
Unity 3D

Jupyter
Notebook

inte
Matlab/Simul
= Callecting data from different models
and took. Details yed to be s pecified

SYSTEMS ENGINEERING RESERR SERC RESEARCH REVIEW 2024 | NOVEMBER 12



Decision Support Model Construct
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Cilli, M. Seeking Improved Defense Product Deveigpment Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,
Stevens Institute of Technology, Nov. 2015.
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Methodology Formalizes using DE/SysML Workflows
Executed by lolF for Trade Space Decision Making

Objective (Key Performance Parameters/Indicators) Scatter Plot Dashboard
and/or Mission Measures for Decision Making related to Objectives
Overall Fundamental L—em
g Assessment Objectives of Engineered s
.E | 24| Flow Diagram System spe oo
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|. Obijectives formalized in MBSE/Descriptive Model using SysML

Workflows characterized in MBSE/Descriptive Model using SysML

to define interfaces to simulations and visualizations

3. Interfaces use defined parameters for every model in workflow
using tool proxies to workflows defined in standards such as J[SON,

XML, CSV. etc.
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AFD Generalization that can be Configured for Various
Types of Analyses with Digital Threads

Obijectives
Mission Model Goals [I..1]1SysML  Measures of Effectiveness

Measures of Performance
Key Performance Params
Operational Properties, etc.

Notional Digital Thread
Visuhlization ﬁo,,*] with Visualization

Models Simu

Types O W()Il?ll(fli;\-lv . Visualization

- 6DOF -1 : ' or Control
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- Geometry s ... SR P e - Decision

- Exterior Intermediate Framework

Parameer Ballistics parameters and - DT Impact
:”P“r’::::” - PLM/DBMS SysML initial design - Operational
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Catapult Structural Model

e Sponsor provided baseline Distribution A case study models that
were incorporated into a Mission and System of Analysis for lolF

Catapult System

pulley Arm Assembby fasteners rubber Band -~ base Plate faunch Arm Assembly catapult Body Assembly
eblocks eblocks e eblocks eblocks «blocks
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11 — Launch Arm Assembly
vake
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Catapult Mission/System Models Tagged with

Stereotypes that Map to Ontology Classes

bdd [Package] Mission[ Mission ] )

Stereotype
“Tag”
map to
Ontology
Classes
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Text = "The Weapon shall
be compatible with existing
catapult projectiles (as
defined in Appendix B)"
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lolF Catapult SysML Profile of “Tags”

Profile Diagram Ontology[ Ontology ]J
* Extend the model with stereotypes -
> This is not the only way, but it is a very e | | Ay
convenient one and good for teaching concepts | | e
[Element] [Element]
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SysML elements to an ontology term et || et
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> Indicate elements in the model T || suvacopmony
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How AFD Concept Maps to Generalization of AFD
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How: AFD Iin SysML is Blueprint for Facilitating lolF Data
Exchanges between Analysis Tools

Obijective (Key Performance Parameters/Indicators)
and/or Mission Measures mapped to Parameters

Yellow blocks are SysML elements
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Overall Fundamental
Assessment

Flow Diagram ObjeCtivegsy:tfe?gineered N e S Blue bIOCkS are
! | — External Simulations

Ends

Fundamental

]
Objective 3

Objective | Objective 2 Time to N or Visualizations
Performance Cost Market
A execute as part of

=

()

=

O

@)

O [£3 workflow

£ 25 .

C |58 | 1
8=

£ |= i i

o S Ire I

G Ig Parameter | . . I

e 2] E Parameter 2 . SImUIatlon I
g vl E

Q f 3| < Parameter3 I

{q'.; TE Zo Parameter 4 (MATLAB) |

E é\g ) EEN mEm| Emm - -------,

S = Error XY 71

g ’—-------

o

- Model l
J -

'l
ML
N

I Missi )
 Mission, . l
: System & [ el :
I environment it S gREO :
I : eometry
; related = — IP - Model I
I parameters I - B :
! - N

N = iy
\ S L : /
\ Longth:Length (03] | L,, “~-_-_.------_,

SYSTEMS ENGINEERING RESERRCH CENTER SERC RESEARCH REVIEW 2024 | NOVEMBER 12 20



Digital Thread Associated with Interfaces and Disciplines

Specified Model Interface

Multiple Tools Can Utilize Same REST API Endpoint Direct Intertace

Mapping Interface

4 N\ 4 N N\ N\ N 4 N\
MATLAB
TWC (System Model and : Error XY Fire FireError .
Analysis Models specified I\ﬁ?cljzlgw(;; Python Simulation Python (grggggf gilgfiless)
in AFD) Analysis (via Analysis
Mlddleware
- /

095906

Triplestore (Ontology Aligned Data)

_ J 1 L
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loIF Workflow Coordinates Simulations and Visualizations

* lolF Workflows coordinate simulations for different roles for different subject matter experts and
for different Analysis Types (called instances)

 DEVCOM successfully demonstrated to other Army Sponsors an Armaments Case Study and
Workflow on Army computers and networks

Geometry Models S}E;TOESSEI RO I €.
. N Creo 1/0 Data Structures transformation
Role: p) bala 2 -  Cloud Systems
< =" - A, Teamwork Clou 1 .
Geometry Ny Creo B e L " Engineer
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. . ' Jupyter m 7 System, Mission,
Al m |ng 4 //////// Requirements Data,
XY Error corrections, Angle Corrections ") y Analysis Results Visualization Dashboard RO I e .
. Fire Simulation : 5
RO I e - Catapult / Mission Parameters / E D a S h Team
5__ng 1 . ® byplotly
Ba”IStICS 4 : @ jupyter Updated Requirement / Trade Space
. . . Design Parameters .
Simulation Analysis
# MName [F catapult Mission : Catapult Mission
1 = Analysis as Designed = Mission as Designed : Catapult Mission
2 =1 Analysis as Manufactured = Mission as Manufactured : Catapult Mission
3 = Analysis Configuration Changed =1 Mission Configuration Changed : Catapult Mission
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lolIF Decision Dashboard

Integrated Systems Engineering Decision Method Dashboard Dashboard
Implementation
An lolF-integrated Decision Analysis Tool is Python-based
Notional Rendering
= Value Graph ** Objectives *“ Value Functions * lolF of Scatter Plot
Decision Support Model a @
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10k Trade Space F|gii?%r:::f;gf;2;;(9;g;9_ges9% Flight Time 2 R JE
Alternatives . oLy Tt
2 .
9k o s i
O m
§ - . et
o O
g g 04
6k > -{;::::Zci;;s—fzmm-o 0.2 <
Flight Time=0.756943
v}
Sk 0 0.5 1 1.5 2 B 3 3.5 4 4.5
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X-Axis Variable Performance stakeholder 1
Range
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mission cost Value Function Objectives
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Dlgltal Thread Impact Analysis Visualization

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

* Transitioning research to our sponsors

* Developed seven (8) case studies with different ontologies using an
evolving lolF Methodology, and two (2) manufacturing use cases

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

> 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, simulations &
visualizations used in the analyses

> lolF coordinates workflow of the simulations and visualization of
Digital Thread and Decision Framework dashboards

® IoIF Tralnlng IS part of the Ontology Workshop and DE/MBSE
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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.

Marlin Ballard (Grad) — Georgia Tech.

RT-168 — Phase | & 11 (2016)

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

Roger Blake - Stevens

Mary Bone — Stevens

Andrew Dawson — Stevens (Phase |)
Rick Dove

John Dzielski, Stevens

Paul Grogan - Stevens

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

Steven Hoffenson - Stevens

Eirik Hole - Stevens

Roger Jones — Stevens

Benjamine Kruse - Stevens

Jeff McDonald — Stevens (Phasel)
Kishore Pochiraju — Stevens

Chris Snyder - Stevens

Gregg Vesonder — Stevens (Phase |)
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
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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-Pl) — Univ. Maryland
Maria Coelho (Grad) — Univ. Maryland
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ART-002 (2018) — ART-022 (2021/23)

Mark Blackburn (P1), 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

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 (PI1), 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 (Pl), 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 (Pl1), Stevens
Tom Hagedorn — Stevens
Steve Hespelt — Stevens
Chuck Collard— Stevens
Daniel Dunbar — Stevens
Steve Jenkins — Stevens
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Thank you!

SYSTEMS
ENGINEERING

RESEARCH CENTER

Stay connected with SERC Online: Email the presenter: Dr. Mark Blackburn

#on 6 B2 mblackbu@stevens.edu

Email the research team:

2L Dr Tom Hagedorn
thagedor@stevens.edu



https://www.linkedin.com/company/systemsengineeringresearchcenter/
https://www.youtube.com/channel/UCj4FvYXhmNOtjin_ToD3NWw
https://sercuarc.org/
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