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e Historical perspective and resources
e Context for research use cases

e Use cases:
1. Developing Multidisciplinary Design, Analysis and
Optimization (MDAQ) workflows for Key Performance
Parameter (KPPs) examples at system level

2. ModelCenter integrated with a Graphical Concept of
Operation (CONOPS) example using Unity gaming engine at
the mission level

3. ModelCenter and MBSEPak, with MagicDraw SysML to

formalize the concept of an Assessment Flow Diagram, which
is part of a recent PhD Decision framework and process
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Historical Perspectives and Resources

e Resources

o Technical reports link: http://www.sercuarc.org/researcher-profile/mark-blackburn/

o Comprehensive briefing: http://www.sercuarc.org/publications-papers/presentation-
systems-engineering-transformation-through-model-centric-engineering-past-why-present-

what-and-future-how/

NAVAIR: RT-141
Phase | Summary

NAVAIR: RT-157

Phase Il = SET Initiated

ARDEC: RT-168
Synergistic
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Transforming System Engineering through
Model-Centric Engineering

Technical Report SERC-2015-TR-044-3

January 31,2015
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Transforming Systems Engineering through Model-Centric Engineering

Technical Report SERC-2017-TR-101
January 18, 2017

Report No. SERC-2017-TR-101

Tack Order: 48, 118, 141,157
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Transforming Systems Engineering through Model-Centric Engineering
A013 Final Technical Report SERC-2017-TR-110
Update: August 8, 2017
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Research Tasks and Collaborator Network

RT-48

Mark Blackburn (PI), Stevens

Rob Cloutier (Co-Pl) - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-118

Mark Blackburn (PI), Stevens

Rob Cloutier - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-141

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Gary Witus — Wayne State
RT-157

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Roger Blake - Stevens

Mark Austin — Univ. Maryland

Leonard Petnga — Univ. of Maryland
RT-170

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Deva Henry - Stevens

Paul Grogan - Stevens

Steven Hoffenson - Stevens

Mark Austin — Univ. of Maryland

RT-168 — Phase | & I

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 |)
Bob Hathaway - Stevens

Steven Hoffenson - Stevens

Eirik Hole - Stevens

Roger Jones — Stevens
Benjamine Kruse - Stevens

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

Chris Snyder - Stevens

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

Brian Chell (Grad)— Stevens
Luigi Ballarinni (Grad) — Stevens
Harsh Kevadia (Grad) — Stevens
Kunal Batra (Grad) — Stevens
Khushali Dave (Grad) — Stevens
Rob Cloutier — Visiting Professor

RT-176

Kristin Giammaro (P1) — NPS
Ron Carlson (Co-Pl), NPS

Mark Blackburn (Co-Pl), Stevens
Mikhail Auguston, NPS

Rama Gehris, NPS

Marianna Jones, NPS

Chris Wolfgeher, NPS

Gary Parker, NPS

RT-195

Mark Blackburn (Pl), Stevens

Mary Bone - Stevens

Ralph Giffin - Stevens

Bob Hathaway- 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

Robin Dillon-Merrill - Georgetown Univ.

lan Grosse — Univ. of Massachucetts

Tom Hagedorn — Univ. of Massachusetts

Todd Richmond — Univ. of Southern California (Phase 1)

Edgar Evangelista — Univ. of Southern California (Phase I) 5

Leonard Petnga — Univ. of Maryland
Maria Coelho (Grad) — Univ. of Maryland
Russell Peak — Georgia Tech.

Stephen Edwards — Georgia Tech.

Adam Baker (Grad) — Georgia Tech.
Marlin Ballard (Grad) — Georgia Tech.
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RT-168 Use Case Perspective and Team

Physical Realization
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Research Thrusts

Semantic Web Technologies : >
Enforces Modeling Methods

[ e | \
| Pt Underlying technologies
| undying Loge j for reasoning about completeness
B | e | and consistency Across
seantL | o J LT ) Domains in modeling
T — tool agnostic way
| Dmaimechageror |
| XML | \

Digital System Model:
Single Source of Truth
(Authoritative Source of Truth)

e

Provides optimization analysis
Across Domains
to support KPP
and alternatives trades
at mission, system,
& subsystem levels

Multidisciplinary Design,

Analysis and Optimization
(MDAO)

-2
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L5,

MDAO Swua
Workflow

gD
v

\

Modeling Methodologies
*
yt
% -\
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I
Guides proper usage to ensure

Model Integrity (trustin model
results) for decision making

y

Integrated Modeling Environment

Tool-set
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Infrastructure

Reference Model

_Document map
and template
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e Performance attributes of a system considered critical to the
development of an effective military capability.

e Example:
—Predator shall have an endurance of 40 hours
—Possibly with other constraint:

o And carry 340kg of multiple payloads including video cameras, laser designators,
communications

—Meet some availability and cost objectives

http://www.airforce-technology.com/features/featurethe-top-10-longest-
range-unmanned-aerial-vehicles-uavs/featurethe-top-10-longest-
range-unmanned-aerial-vehicles-uavs-5.html
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Use Case #1:

Developing Multidisciplinary Design, Analysis and
Optimization (MDAQO) workflows for Key Performance
Parameter (KPPs) examples at system level

Steven Hoffenson & Brian Chell
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Use Case #1

e Developed MDAO workflow for example of KPP (range) using UAV Weight,

Aero, Propulsion, Performance, which links back to system model to illustrate

method:
— Defining sequence of workflows (scenarios)

— ldentifying a set of inputs and outputs (parameters)

— Define a Design of Experiments (DoE) and use analyses such as sensitivity analysis and

visualizations to understand the key parameter to scope

— Use Optimization using solvers with key parameters and define different (key objective functions
— on outputs) to determine set of solutions (results often provided as a table of possible

solutions)
Component Tree
— Use visualizations to e [ vake
1 H - @.-’-‘«V_ earmetr
understand relationships e sty oo
Of dlfferent SO|Ut|OnS # takeoffGrossweight S0000
# aviohicsw eight 40
. # shuctureWw eight a0
— Concept applicable at "o sbssenivegn 120
. . #0 fuehfeight a00
mission, system " paloadieigh 0
w2 stallSpeed 120
and subsystems " S %0
# deszignFlightSpeed 300
#a MALE 40000
0 winglrea i
# totalPayload 0
+- 2| Weight
+- =] Aera
—I-|=| Propulsion
> thlustD_:efficient 0.935
Brian Chell and Steven Hoffenson M S

m

1]

2
foy
o

e |£j - o-\' L]
UAY geometry

B =

Propulsicn

Iission



SYSTEMS .[::l;\I.C.;lNEERING I n itia I m Od E|

Research Center

e Fixed-wing UAV model
e Equation-based

e Currently links 5
equation-based models

— Geometry

— Weight

— Aerodynamics
— Propulsion

— Performance

e Later work

— Used more advanced,
simulation-based models

— Add mission capabilities

11
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e Bi-objective optimization range vs. propulsion

[ # Fareto Front Feasible |

using NSGA-II algorithm: 50
— Maximize range 1
— Maximize propulsion |
40 4
e 5 design variables |

— Wing area (ft?)

— Wing span (ft)

— Altitude (ft)

— Speed (knots)

20 +
— Efficiency factor .

propulsion (Ibf) (1049)

e Pareto frontier shows
trade-off between range
and propulsion

"l

10 +

— How much range would you o Lo bk e Ko AR TR

have to give up to increase the 0 5 10 15 20 25 30
propulsion by some amount? range (ft) (10°6)

12



Sensitivity of Objectives to Design Variables
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Sensitivity Analysis of Design Variables m=Propuision

Altitude, -0.047 q B Range

Efficiency Factor,

Altitude, -0.006
— | 0032
speed, 0,437
Efficiency Factor, —
015 ey
M | Wing Are, 0.493
Wing Area, -0.4B8

e

Wing Span, 0.026

Wing Span, 0.928

0.4 0.6 0.8 1

sensitivities

e Wing area is the variable that exhibits the clearest trade-off

e Wing span has the largest effect on range, but does not present a
trade-off between these objectives

13



Other Models Examples using Workflow in
‘ S SBTan Danter ModelCenter

e UAV Geometry

—Easy to change

>

e Simulation-based Model

—OpenVSP geometry and
VSPAero CFD tool wrapped into
ModelCenter

—Adjusts geometry and flight
conditions for MDAO

—About 1 minute per run

2N

o-Lw L wm - m-

Des_Vars Mass VspAero Analysis 14
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MFProp vs. Range

e Tri-objective optimization

[ ® ParetoFront * Feasible |

using Darwin algorithm: e

— Maximize range Blue points show the ]
— Maximize endurance T Pareto frontier/non- d ]
— Minimize fuel mass fraction . dominated solutions

— ~2600 runs in ~2 days g 1 _

e 9 design variables

— Fuel mass fraction

Range (10~3)
3]

— Wing span

— Average wing chord 4T i
— Tail span

— Average tail chord 2 | i

— Tail Y-rotation

— Wing X-location

— Airspeed 0.30 0.35 : : _ _ . 0.65
— Angle of Attack

Range (mi) vs. Fuel Mass Fraction
15
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Optimization Visualizations

MFProp vs. Range vs. Endurance

0.6
L ]
%..‘;
0.5 gp” - XA ¢ |
MFProp
0.4
0
50 3 2k
40 /o 4k
30
20 6k  Range
Endurance ~ 8k
10
0 10k

Colors Represent Angle of Attack

MFProp

MFProp vs. Range vs. Endurance

0.6

0.5

0.4 “ Sailehy t

20 a0 _ 2k
30 ’ e
21 ) bk Range
10 Bk

Endurance

0 10k

Colors Represent Mach # (airspeed)



Update of Fixed-Wing Model to Include
‘ e rat Cuntar CFD and FEA

e Update: Finite Element Analysis constrains wing

Initial Inputs Optimization Optimization with
with CFD but CFD and FEA
without FEA

oW (7).

Des_Vars Mesh_and_Mass [/ ¢:: ¢ Analysis FEM

17
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Use Case #2:

ModelCenter Integrated with a Graphical Concept of
Operation (CONOPS) example using Unity gaming engine at
the mission level

Roger Jones & Brian Chell

18



Use Case #2 - Base Capability: Graphical
CONOPS with Unity Gaming Engine

phical CONOPSY108Mac.app/Cantents

Navigate with arrow keys

Design
m B Grag [ s ™M . - E [ ]

P 0 (maH)V--- Energy in Batter

o>  ——— . 5¢ B: Mas:

I Design 10 g UAV Mass

— Parameters e

- — 0 ma--- Max Current

—t 0 W--- Max Power \h@ %

'._ 0o Max Thrust to Weight

; 10 Max HorizontalTF Wi F

(oo ] oeson | merse | opumamon |

B

Roger Jones




Use Case #2: Integration of Graphical CONOPS
" Hessarch tenter Simulation with MDAO tools

Autonomous — 1000s of runs to cover

UAS Design of Experiments
vSs. 10s that could be run
manually

Updated Unity
Gaming Environment

Headless (no humans in loop)
ModelCenter Workflow
Wraps Unity Gaming Software

e | W Pluglos e l

B sEOEE P @ o -

st
Cost, Retum Mass, and Risk s et
Tota s cont =
ple_Return_Mass v-Ate
“ Total Samgle Aetuan poss ¥
0

DesignData Outputs

Sensitivity Analysis —to find which
Brian Chell and outputs are most sensitive to which
Roger Jones input variables

20
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Use Case #3:

ModelCenter and MBSEPak, with MagicDraw SysML to

formalize the concept of an Assessment Flow Diagram,

which is part of a recent PhD Decision framework and
process

John Dzielski & Matt Cilli

21



Perspectives on Characterizing Challenges of

SYSTEMS ENGINEERING

Research Center ResearCh Space

Mission Effectiveness
Optimization to right-size
Mission & System Capabilities
for the critical
Key Performance Parameters (KPPSs)
("All requirements are tradeable”)

Concept of Operation
(CONOPS)

Trade Space
of mission
alternatives

Trade Space
of system
& subsystem
alternatives

Methods for
ldentifying
KPPs

Information Model
------ ° Capturing Cross-Domain ®
@--==-—-ooooo-- 0 Relationships ~©

Y \\——______— —————

Decision
Framework
(Performance
vs.

Cost
vs.
Time
vs.

” Risk)

Reasoning about completeness and consistency of information across domains

22




Visualizing Alternatives — Value Scatterplot
with Assessing Impact of Uncertainty*
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Legend
100
Long Term
5 i
Shape Viahility ag
‘ alt11
A High
g0 -3
D M edium — T
alts
70 ==
S| - " e 1
3 1 alt 18
d ak 13 alte
: > &0 -T- T It 17 == T
Estimated R&D w alts ] ‘ att1s
Duration W] A s I = =
= 50 altz J_
=L
Lesz than a year E alt 10 J_
: o -
Ear
¥ e 40 | T
v altils
2years TT] e
%
3 years 30 - I ats J_ !ahl
o L R
dyears =
20
5years
§years 10 =
T yEars 0
Eyears 0 100 200 300 400 500 600
- More than @ years LIFE CYCLE COST [5 I'I"Ii|]
Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,
Stevens Institute of Technology, Nov. 2015. 23
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Decision Support Model Construct

Force on Force

Identify -
KPPs

" yoasure Sc0ree™

Formalize Assessment Flow Diagram

N s =
-— e -— -
~— .'.- - = b -
e o
- \‘.._ F\ow D.Iag a“\
== = ent
~ Assessm

- A\A» ~ ‘\E\"‘-‘Tv‘"
A T e

Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,

Stevens Institute of Technology, Nov. 2015.

24



Formalize Assessment Flow Diagram of Decision
P S s Framework using ModelCenter/MBSEPak

e Can MDAO represent Assessment Flow Diagram?

e Does AFD characterize needed MDAO workflows?

Key Performance Function
(Key Performance Parameter [KPP])

MDAO Workflow for KPP ﬂ
[

9 -&I Ty ),
. - v
DLR_Vals
0“..1 0\
L
\. [ b
? SEr 0\ 0\' 0‘ r
- ® ® 0 0o & 0 e e [
Aerodynamics e o o o F o o
® ® e ®
v o o o o E >
. — e o o o o e o o o >
~ - e o o o »
R ==~ o o @ )
. o o
Propulsion e o & o o ®
e
[
[
D [ ®
L
° 0 [
*

? =

Performance | ==
7

RN
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e Describe the decision support model (DSM) conceptually
e Example of DSM in context of a surveillance drone
e Show how example can be mapped to a SysML model

e Demonstrate different ways to use SysML model with MBSEPak

John Dzielski and Matt Cilli 26



Steps to Formalize Decision Support Model
Construct using SysML and ModelCenter

Build Recommendation &
Implementation Plan

A
Communicate Tradeoffs . .
| — — : 4) Value scorecard provides basis to
AAMODATI™ synthesizo Resuits ! compare metrics as perceived by user
: c VaIlTe y :
----------------------------------------- ! Onceranty | :
i I 3) Measure scorecard contains the
I eight Swee I . . . .
: “"TF’“ ] Metrics of interest in the analysis
1 1 y
: ID Uncertainty & Conduct : Seekntapped Value
: Probabilistic Analysis : - mpar:::s
— —
1 Synthesize Results I
1 I 5 . .
: ] 2) Model as derived characteristics
Scatterplot ..
Define Weightsfor | iy | In SysML system decomposition
Additive Value Model ': o :
Y 1 Value 1
1 Scorecard (]
evelop Value .
“rincions (1 - ; 1) Model system structure in SysML
' ! Scorecad : /
| | |
v ! a 4
Captur\:,li.::s:irs Ltu:tured P Develop Objectives P Craft Measures Assessmh::;:zt:::smross Create Alternatives g:‘:::'-(':{{':i:zf;:::'f: ﬂ Identifvs?:.;:;iripmduc‘
A A

Frame Decision

Cilli, M. Seeking Improved Defense Product Development Success Rates Through Innovations to Trade-Off Analysis Methods, Dissertation,
Stevens Institute of Technology, Nov. 2015. 27



Decision Support Tool uses Spreadsheet Data to
Teseaencenier - Indicate Structure, Characteristics, and Alternatives

e Organization maps to a logical

Decision Support Tool decomposition of UAS system
developed with integrated worksheets . ) ]
into air vehicle and payload
m“ ‘! fx 2.5011:‘935525984, | h H | J K : Su bsystems

e First columns correspond to
attributes of alternatives

Sensor Engine EO Imager Pixels | EQ Imager Pixels IR Pixels
D Short name Group | Wit Type |Altimde ()| Horizontal Vertical EOFOV_| Horizontal _|IR Pixels Vertical| IR FOV
[ E_span 2.6 ali_300_sensor_grp | 1 E 300 100 100 100 100
E_span_$_alt_300_sensor_grp 2 2 300 120 100 100 100
E_span_ al1_300 sensor_grp 3 3 300 120 100 100 100 ]
e e — o Attributes correspond to
span 7.5 alt 300 sensor_grp 300 240 240 24 I
span B.1_alt 300 sensor_grp 300 360 360 24 ]
span_5.6_alt 3 300 400 300 360 At ]
E_span_10.5 3 8 300 480 360 5 300 300 4 ° . ° °
P _span 2.1 alt 31 300 320 240 3 160 120 3
=5 = design choices, characteristics
span_5.5_alt 300 780 600 320 )
span_ 6. 300 960 840 320
span_7. 300 960 720 480
span 8. 300 1280 840 320 . .
v T ; e derive from those choices
16 P _span 104 300 1280 15 360
17 E _span 29 500 100 00 3 00 100
13 E_span 4.2 500 120 00 3 00 100
15 E_span 3. 500 120 00 3 00 100
20 E_span 6 500 120 3 120
20 | E span 7 all 500 scnsor grp 5 500 240 & 240

e Rows correspond to
Armament Analytics Multiple Objective Decision Analysis . . .
(AAMODAT) alternative designs (instances)

(Excel-based Spreadsheet Instrument)

28



UAS System Decomposes into
" Hesearch canter Air Vehicle and Payload Subsystems

«block»
«block» Payload
Air Vehicle constraints
calcBallDiam: CalculateBallDiameter,

SR calculateBallWt: CalculateBallWeight
calculateEndurance : Mass2Endurance totalWeight: Add2Weights
calculateVelocity : Weight2Velocity
calculateLength : Wingspan2Length . " values
calculateWeight : Wingspan2Weight /Ea::dlaf?bif{m{umt = lﬂChis}

/ballwt : unit = pound
values /weight : Ibf{unit = pound}
/weight : Ibf{unit = pound} =
flength : ft{unit = feet} = Tvpe»
/airspeed : kt{unit = knot}
/endurance : hr{unit = hour}
commLink eoSensor | irSensor
«block» «block»
CommLink Imaging Sensor
airframe engine values values
el Al weight : Ibf = 0.5 Ibf {unit = pound} fov : degree = 3.0 deg {unit = degree}
) A horzPixels : Integer = 100
Airframe Engine vertPixels : Integer = 100
values values
wingspan : ft = 2.60114936595984ft {unit = feet}| |engine: Engine Type = Electric

altitude : ft = 300.0 ft {unit = feet}

Physical Design Choice - Air Vehicle Physical Design Choice - Payload
EO Imager Pixels|EO Imager Pixels IR Pixels
Wingspan Engine Type | Operating Altitude (ft.) Horizontal Vertical EQ FOV Horizontal _ |IR Pixels Vertical] IR FOV
2.0 B 300 200 200 3 200 200 3
3.0 c 300 200 200 3 200 200 3
4.0 B 300 200 200 3 200 200 3
5.0 L 300 200 200 3 200 200 3
6.0 B 300 200 200 3 200 200 3
7.0 = 300 200 200 3 200 200 3

Armament Analytics Multiple Objective Decision Analysis (AAMODAT)
(Current implementation in Excel-based Spreadsheet Instrument)
29



UAS System Characteristics Depend on
Thesacncene - Attributes and Characteristics of Subsystems

«block»

e PAR diagrams for characteristics

calculateWeight: AédéWeiths

o — should be at lowest possible

irSW : CalculateSwathWidth ‘

level of composition hierarchy

human : Human
| vehicle : Vehicle

/weight : Ibf{unit = p

e Use of directed composition
relationship ensures constraint
relations execute in both
i Bt MBSEPak and Cameo
el ll - Simulation Toolkit (CST)

totalWeight: Add2Weights calculgjeLength : Wingspan2Length
calcul@eWeight: Wingspan2Weight

commLink : Comr'ﬁLirnk

eoSensor : Imaging Sensor airffame : Airframe
irSensor : Imaging Sensor ejfine : Engine
{weight: Ibf{unit = pound)}

Pobability of Detection Intermediate Variables

/length : ft{unit = fee
fairspeed : kt{unit = knof
/fendurance : hr{unit = hour)

human |EON_human | EO N_human | EON_vehicle | EO N_vehicle | EO N_vehicle | IR N_human |I
‘Bound Expected Upper Bound | Lower Bound Expected Upper Bound | Lower Bound |
608 19.54 2247 95.65 112.53 129.41 16.61
608 19.54 2247 95.65 112.53 12941 16.61
6508 19.54 2247 95.65 112.53 129.41 16.61
95.65 112.53 12941 16.61

117 82 170 a1 14 &1

System Characteristics (Intermediate Measures)

Weight (Lbs., Total sSUAV) Length (Ft, Air Vehicle)

Sensor Ball Dia. (Inches) Weight (Lbs., Sensors) Weight (Lbs., Comm Link)

30
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Measures are the Performance Metrics

«block»
UASystem

uASystem

E] «block» ;

constraints
calcAISM : AvoidimpedingSoldierMobility
calcLTM : LaborToManufacure
calcUC : UnitCost
ElcalcDT : DwellTime
calcRAOIQ : ReachAreaOfinterestQuickly
calcPA : PerceivedArea
calcPD : PD
trts : TimeRequiredToScan

/avoidimpedingSoldierMobility: Ibfunit = pound}
/laborToManufacture : hr{unit = hour}
/unitCost : Real

/dwell Time : min{unit = minut:
/reachAreaOfinterestQuickly : Mgy inute}
El/perceivedArea : Real

/pdEOHuman : Real
/pdEOVehicle : Real

/pdIRHuman : Real

/pdIRVehicle : Real
/eoTimeToScan : min{unit = minute}

firTimeToScan : mi%

e

€
parts
e ) part
n50 : Np &
values

e Measures are calculated from design
variables attributes and characteristics of
UA System and its parts

e Measures can be represented by ranges or
distributions of values

1.2 Maneuver to, scan across, and dwell at area of inuwe. . *
1.2.1 Reach Area of Imterest Quicky 1.2.2 Search Area of Interest Quickly 1.2.3 Dwell at area of interest for extended period

EO T ed to scan Skm x Skm Search Box Using m gliired to scan Skm x Skm Search Box
‘RmhrSunFﬁghantmmntmupudnmaﬂngﬂﬂmd:‘ Using Raster Scan Flight Pattern at proposed

‘ime required to fly 10km (Mins)

Dwell Time (Mins)

more detail to follow Assumes linear flight pattern Assumes linear flight pattern more detail to follow

Lower Upper Lower Upper Lower Upper Lower Upper
Bound | Expected | Bound Rationale Bound Expected Bound Rationale Bound Expected Bound Rationale Bound | Expected | Bound Rationale

9.08
834
7.1
7.17

6.70

10.44 12.28 5342.003 5451.02 5560.043 5342.003 5451.02 5560.043 369.74 443.01 515.32
9.59 11.28 4905.584 5005.70 5105.812 4905.584 5005.70 5105.812 401.82 480.10 557.49
8.86 10.43 4535.087 4627.64 4720.192 4535.087 | 4627.64 | 4720.192 433.59 516.92 599.43
824 9.70 4216.624 4302.68 4388.731 4216.624 | 430268 = 4388.731 465.13 553.54 641.19
7.70 9.06 3939.952 402036 4100.767 3939.952 | 402036 | 4100.767 496.47 590.00 682.82

31



Value Functions are
Monotonic Functions of Measures

*zz\ \ 1:2/ e Value functions characterize
: e the utility of a calculated

20 km x 5km
— = measure to one or more
x | ¥ ¥
walkaway point 50 1 60 1 60 1
marginally acceptable 40 10 50 10 120 10 ro u S Of Sta ke h O | d e rS
target value 25 50 40 50 180 50
stretch goal 10 90 30 90 240 90
meaningful limit 1 100 20 100 300 100

e In UAS demo problem, values
of the metrics correspond to:

«constraint»

«Script» J— i =
W Walkaway point (value = 1)
Ol mbles mussuradirection = input —Marginally acceptable (10)
le» value : Real{direction = output}
/ar WalkAwayMeasure : Real n ;', 1; _Ta rget (50)
n s pig —Stretch goal (90)

MarginalMeasure : Rea
o —Meaningful limit (100)

TargetMeasure : Real{d
StretchMeasure : Real{
LimitMeasure : Real{dire
le» WalkAwayValue : Real{c
MarginalValue: Rea
TargetValue : Real{d
le» StretchValue : Real{direction =

le» LimitValue: Real{direction = input)

e VValue function implemented
as linear interpolation
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* Value weightings reflect importance of
measures to stakeholders

e e ey e Different sets of weightings can reflect

eosaoiq : EOSearchArea

oo welvescnerey concerns of different stakeholders

avbsbe : AvoidBeingSeenByE
dhaid : DetectActivity
dvaid : DetectActivity
dhaan : DetectActivity
dvaan : DetectActivity

/avoidlmpedingSoldierMobility: éeal

e Uncertainty in measures and different value
ookl e g weights result in vaIues having ara nge

/lirSearchAreaOfinterestQuickly : Real
/dwellAtAreaOfinterest : Real

/avoidBeingSeenByEnemy: Real
/detectHumanActivityinDaylight : Real
/detecVehicleActivitylInDaylight: Real
/detectHumanAdctivityAtNight : Real

/detecVehicleActivityAtNight: Real E0TImereqied oo skm xSk IR Time required to scan Skm x Skm

Weight (Ibs) Time required t ﬂv 10km (M s) rch Box Usi g R S n Flight... Search Box Using Rasf S n Flight.. Dwell Time (M )

x vz PR | 3 x| x vz PR |

walkaway point 50 1 15 1 60 1 60 1 60 1

marginally acceptable 40 10 13 10 50 10 50 10 120 10

target value 25 50 10 50 40 50 40 50 180 50

stretch goal 10 90 7 90 30 90 30 90 240 90

meaningful limit 1 100 5 100 20 100 20 100 300 100

1.1 Be Transportable 1.2 Maneuver to, scan across, and dwell at area of interest

EO Time required to scan Skm x Skm Search| IR Time required to scan Skm x Skm Search
Box Using Raster Scan Flight Pattern at Box Using Raster Scan Flight Pattern at

Weight (Ibs) Time required to fly 10km (Mins) Dwell Time (Mins)

Value Space

more detail to follow ‘more detail to follow Assumes linear flight pattern Assumes linear flight pattern ‘more detail to follow

96.34 30.58 1.00 100 1.40
92.93 46.75 1.00 1.00 270
92.83 47.18 1.00 1.00 274
90.21 57.36 1.00 1.00 3.69 33

88.20 60.74 1.00 1.00 4.03
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Creating Instances in Magic Draw

e PAR diagrams and constraints are not evaluated during creation of

an instance

e Lists of a block type are used to update and save sets of instances

«block»
E_5.0-300 : Air Vehicle

airframe = air Vehicle.airframe1
airspeed = 31.626061939007922 kt
endurance = 1.5303542256204306 hr
engine = air Vehicle.engine1

length = 2.5854805997882555 ft

«block»
Air Vehicle

air Vehicle |1..*

weight = 7.363359577071486 Ibf «block»
Air Vehicles
«block» «block» B |
E_6.8-300 : Air Vehicle E_7.5-300 : Air Vehicle _I}l
airframe = air Vehicle1.airframe airframe = air Vehicle.airframe2 |
airspeed = 34.289533575511214 kt airspeed = 35.23702167011853 kt -
endurance = 1.6134349922636526 hr endurance = 1.6429896667743393 hr e
engine = air Vehicle1.engine engine = air Vehicle.engine?2 ’
length = 3.5644677632877606 ft length = 3.912727031183297 ft A
weight = 9.80691153716625 |bf weight = 10.67616666983351 Ibf y.
]
«SimulationConfig» & B «SimulationConfig» &0 o
Update Vehicle Instances | Update Vehicle Instance | S
«SimulationConfigs» wSimulationConfigs
animationSpeed = 95 animationSpeed = 95 /
autoStart = true autoStart = true
executionTarget = [Hair Vehicle Instances —executionTarget = (Z1E_2.6-300 o’
resultLocation = Hair Vehicle Instances resultLocation = =E_2.6-300 e
silent = true silent = true .
w n

|
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T Vi MBSEPak from within MagicDraw

Avoid Impeding Soldier Mobility

asatisfy»
[=R217 — CTE_ | [favoidimpedingSoldierMobility : Real 1
JowerBound = 50.0 § arequirements P Phoenix Integration MBSE Analyzer (1 = W o WL e . p————— Y L S
«PropertyBasedRequirement» - :
IreachAreaOfinterestQuickly : Real L — _gsalisfy»n __|Reach Area of Interest Quickly | _ File Edit View Tools Help i ) i |
arequirementy Id ="2.2" Welcome | Review Requirements | Manage Constraint Blocks | Manage Parts Catalog| Manage Parametric Diagrams | Evaluate Designs |Simulation |
«ProperyBasedRequirements § lowerBound = 50.0 B
A «satisfyn Pt
Avoid Being Seen By Enemy < — — — — — — | favoidBeingSeenByEnemy : Real ‘Design Exploration Analysis Case <none> ~ (¥ =
1d="2.3" arequirement» S =
lowerBound = 50.0 - «PropertyBasedRequirementy Trade Study |gaone E LA
‘ IdetectHumanActivitylnDaylight : Real L SS9 | etoct Human Activity In Daylight
s ity Id="24" Sjef‘ E‘j‘;"im i Property Units Original New Margin
«satisfy» . Jrod
«PropertyBasedRequirements & — — — — — IdetecVehicleActivityAtNight : Real (== S R B E1-0 Value Space || &- = Values
Detect Vehicle Activity At Night = 1] AvoldBeingSeenByEr B3 ' aism
Id="25" «requirements B AvoidimpedingSoldi avbsbe
- B 2 1 = AvoidimpedingSoldi dazol
= PropertyBasedRe b t
et Ho L 00,0 IdetecVehicleActivitylnDaylight : Real | | csarisfy» “D:‘:‘“’I::mg A:’;:’:T: Bl jnmﬁtnmwh{m dhaan
T = — N L - - DwellAtAreaOflntere dhaid
- Daylight B EOSearchArealflnte * dvaon
B ¥ iimort (2 B IRSearchAreaOffnter dvaid
Py = N lowerBound = 50.0 - Reach AreaOf Interest) & @
EO Search Area Of Interest csatisfys . 1 5 ReachAreaOfinterest + eosaoiq
F-—-——-=--F ‘IeoSearchAreaOllmeusmuu:kly:Real‘ 1-1 Value Definition Arra irsaoiq
ld="27" £l Value Definitionx measures
EerBound iS00 B erere B0 Value Instances + raviq
lirSearchAreaOfinterestQuickly : Real <satisfy» “IR";T V:: D"“I’”:'"e". CER=]Values] - |- =» avoidBeingSeenByEnemy  Real 0.0 97.4508486036732 /47,451 Real
- ey arch Area Of Interest ‘ m » - =+ avoidimpedingSoldierMobility Real a0 £95.7570114939700  +#45.757 Real
T Quickly - = |- =+ detectHumanActivityAtNight ~ Real 0.0 4 99.9999995990933 50,000 Real I
o evyg::z;e"m’emem Id="2.8" b rﬁ*‘;-"”";"":'m - detectHumanAdtivityInDaylight Real 0.0 4 99.9999999099933  + 50.000 Real I
A «watisfy lowerBound = 50.0 arametric Diagrams == detecvehicleActivityAthioht ~ Real 0.0 % 100.0 50,000 Real I
— reaOfinterest L "7 _ _ _I/dwellAtAreaOfinterest : Real 75 values == detecVehicleActivityInDaylight Real 0.0 4 100.0 +50.000 Real I
Id="29" 1 Values = == dwellAtAreaOfInterest Real 00 £ 1.39613811661762 X 48.604 Real I
lowerBound = 50.0 T = eoSearchAreaOflnterestQuickly Real 00 1.0 X 40,000 Real I
«PropertyBasedRequirementy B @Caism 1+ = irSearchAreaOflnterestQuickly Real 0.0 1.0 X 40.000 Real I
- [ i I
TastoctumARACTVIANGHE: Real | _ [fosys | Detoct uman Actvity A - MChavbsbe reachAreaOfnterestQuikly  Real 0.0 30.5751510595 319425 Real :
'9 | B~ /77 daaoi 5 I
1d="2.10" ) I
lowerBound = 50.0 Refresh | | Restore Defaults Design: | saveas | Analysis:[ Run || Export | |
Done. 0|
. —

MBSEPak from within Model Center
Cameo Simulation Toolkit G Do

| File Help
e [g [g a !!me(lﬂe: 2:\jed_home \Work\Stevens\SERC \UASdemo Models \UAS_Model.mdzip Load...
Name Value Saacts bl b oulye Property s Ongnal New Margn
. - q oM DwelAtAreaOfinterest * || 2 valves
2 & values {avoidimpedingSoldierMaobility ... |Va|ues@2 a29f00e || 6B cosearcharea0nnterestauicy 3 ssm

| | B RsearchareaOfinterestQuicdy
B ReachAreaOfinterestQuickly
ReachAreaOfinterestQuicdyx

/avoidBeingSeenByEnemy : Real 97.4508 i ottt
/avoidimpedingSoldierMobility : Real 95.7570 b v
= vaes |

S EEEOOEEEEE
o
§

/detectHumanActivityAtNight : Real  100.0000 ey ey
/detectHumanActivitylnDaylight : Real 100.0000 B ver : e
X . A 1 vaes - avodBeingSeenByEnemy Real 00 4 97.45084860... off 47.451Real
/detecVehicleActivityAtNight : Real 100.0000 & BDaen |- =+ svodinpedngsodetabbty  Rel 0.0 4 95750119... o 35757 Red
B [71C0 avbsbe b~ me detectHumanActivityAtight  Real 0.0 A 99.99999999... off 50.000Real
. - . : _ R F i enisacacaihy . 59995955 o 50
/detecVehicleActivitylnDaylight : Real 100.0000 [ dctmmitn i R P o
[T dhaan L - ehicleActvitylnDay o . X § s0.
/dwellAtAreaOfinterest : Real 1.3961 ) e St gy
) Z we eoSearchAreaOfinterestQuicly Real 0.0 410 X 49.000 Real
/eoSearchAreaOfinterestQuickly : Real 1.0000 - W o |- e rsearchreaOfinterestQuckly Real 0.0 § 10 X 5.000Rea
& WD dvad ws reachiveaOfinterestQuicdy  Real 0.0 4 305751510595 ¥ 19.425Real
/irSearchAreaOfinterestQuickly : Real 1.0000 [ |8 B eosaca
| | & [¥)Dirsa0iq
/reachAreaOfinterestQuickly : Real 30.5752 | 14 B messres -
Lo B o [ A B I P . R O D Ao _t M _ Ot /1t aa_ Lt AAAA L _AsS Reset Vaues ( Run [ savess...
[Run model complete.
— — === —




Analysis Model of UAS in Model Center:
Workflow Can be a Constraint in SysML

SYSTEMS ENGINEERING
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Independent Variables (are Design Variables)

ay
2

* File Edit View Tools Component Project Window Help

CH. mipl - |EBEL. OO.
Mo odd

= o Vaue  Waight Goal
omponent Tree 107322 1 minemze v
Lower Upper =
nstraint Vae  gound Bound
ol Values Values irSearchAreaOfinterestQuickly 1 50 1=
00t Values Values (6achAreaOfinterestQuickly 560317 50 1
Values Values eoSearchAreaOfinterestQuickdy 1 50 1
Values Values avoidBeingSeenByEnemy 520563 0 1
el Values Values detecVehicdeActutyAtNight 100 50 1
o1 Valus Values detoctHuma 100 50 i
0 ’
Stat
Vi Lower -
Type  Vabe eodat Bound Bound  SiE
valug)
cntn. 715 260115 2 2
discrete 100 100 v
discote 100 100> -
0 »
~ | Choose
Etapsed Time: 000227 View Oulpul
Show More
Add 1o Model Run Oplions. | Help. |
‘File €dit ChartDptions Help
©u| -0 | i) SSwndard Pigll- 1= Dota Visualizer= | w Plug-ins % @ # - - Templates - - e
©
E
G s B ; - % S X s -
: I o Y ad o L A 2. | & PR KR TR S ) P ) Y
1 Abaya d ANEYS Cata Carvwger Database DOE Ted Bl FLANES Arwon | - =
i Sv ik v
5 Mo + 'R 36 & T
g & i | ] |
£ 70 \t
L 2] |
= & & A 2 L d oM 1
S et g 2 ¥ 2 4. 2 2) = |
: { : "
- f e o T 5 %
Quvie  FTes sang Umtes  oives o “© i ¢
T - &= a5 *
»
=~ — e = 2
=
@ 2 .
g %
r 10 & St 1 3 2
2 5 0
'g [
= 0 50 100 150 200 250 300 350 400 450 500 550
g Run Number
o
& P— s R = e OO, = mp—
g - gy 5 emy +— detec s . S
i ) < detec WA 4
<
P 5
oo For Help, Ji 4 71

Dependent Variables -- Values (are Constraints/Objectives)
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MBSEPak Used to Perform Trade-Stu
Design of Experiments & Save Results to

dies &
Model
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e Edit View Layout Diagrams Options Tools Analyze Collaborate Window Help x
DEB-088 -9 - & EE « @ By - Perspedive: Full Featured | View Readme (Windows) ¥ [> B [3Create Diagram | % Run AssembleUAS... v [>
TR C (éﬂ Diagramsr%g SUUC[IJTEI |8 Value Requirement " |2, Vehicle x ‘ R
Containment 2B x [E% B dk . ~ ~ : @ @ Q Q 100% - B X
= é}Mucdlel a; Selection b Packagel Vetige [Venide ] =
- Relations Z
B[] Analysis Tools “<dlocks
([ Detection 2= T B vohoke
t5-Eg Enolsh uns ibrary engishunts.mezp]| | Seeee) e . S —
B[] Measure Space OO calulteLength - ingspanzLenoth anc e NESAnayzer ks fhere s 3
D =3 Note calculateWeight : Wingspan2Weight mr‘mg‘!‘r"rﬂfg?‘i; "Th‘»s z;celrshw‘rmg‘ Wk
§ L Reauirements e b B oo
s [ Comment e e S S =
4/ Relations = problem lendurance : Ar{unt = hour} -7 A ke
[ Instances = N PR
£ Payload 52| Block Definitio... - Pk
-] Vehide [] Package - L~
.9 Relations = | &Block =
Instance_Air Vehicle_Parts airframe engine, MBSEAnalyzer uses the first value of
%Vehicle - - Elinterface .. - I=g cvalueTypes Feoerdies of waet e S0 o B
Airframe. Engine Type | _ _ _ When using an Engine Type as an -
B ar ghide T - 5= e e
\ [ERequirements ., | T SRR
[®] Requirement
3
g : UAS::Vehid [ Extende... -
|85 uAsystd Tmr
] uasystem & Phoenix Integration MBSE Analyzer = @] x
B[] Value Space . -
B [ MBSEAnalyzer [MBSEAnalyzer.mdzip. Edit View Tools Help

g Code Engineering Sets | Manage Constraint BIm:ksl Manage Parts Catalog | Manage Parametric Diagrams‘ Evaluate Designs ‘ i

Phoe

Integration

ProcessExplis

A

Parametric Diagrams | Selection Filter

[¥]C8 Air Vehicles.air Vehicle.air Vehicle[0] -~
72§ CalculateEndurance
(/&% CalculateLength
(/¥ CalculateVelocity
(/8§ CalculateWeight

or

a

ve results to blocks

instances.

Refresh ] l Restore Defaults

Run failed.

o ‘ Analysis Case | <none> v
Zoor [ Notification Window | {2} Sif | Tt Gy [ =il
Notification Window
X
i B9 Select a Subject to And Units. Original New Margin

com.phdy| B-5 Vehicles e

(TaskLig) ¢ B = air VehiO®

com.ph f 2w air Vehicle[0]

4 airframe

com.phdy| 4 engine

com.phdy| X (] = airspeed kn 28.277728651565095 28.277728651565095

com ph A = air Vehidle Instances = endurance h 1.425910801975425 1.425910801975425

' = air Vehidle.airframe =+ length ft §6529477075 1.35476529477075

= air Vehide airframel =+ weight Ib 429199 4.2014941757477925
= air Vehide.airframe2
= air Vehide.airframe3
= air Vehicle.engine .
Create new instances.
= air Vehicle.engine2
= air Vehide.engine3 i

Design:

Save SaveNAs Analysis: Run

Export
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e Use case #1 shows method for using ModelCenter to create and
MDAO workflows for assessing Key Performance Parameters at
system-level

e Use case #2 shows method for integrating ModelCenter with
Graphical CONOPS to do analysis of alternatives at mission-level

e Use case #3 shows approach to formalize a Decision Framework
process in SysML with the MBSEPak to transform into workflows
for ModelCenter

—Lessons—learned: It is important to use appropriate method to model in
SysML in order to get best results from MBSEPak transformation into
ModelCenter
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