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Drivers Behind the DoD’s Shift Toward Digital Engineering

. . . . System-of-Systems Integration Need for Data-Driven Decision
Evolving Mission Complexity Challenge Making
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+ Joint operations increasingly

involve coordination across * Modern platforms (e.g., Sensors, * Operational environments are
multiple domains (space, land, air, comms, etc) must function as part of unpredictable; decisions must be
etc) a dynamic system-of-systems grounded in objective data
. Mission scenarios shift rapidly, + Siloed tools and inconsistent da_t:':l . Acce]erated a_cqyisiti_on timelines
requiring the ability to reconfigure standards |?re.vent clear traceability reql_nre earl_y ms_lght into h oyv
and re-evaluate system capabilities betwe_en mission need_s and design choices impact mission
technical implementation effectiveness

on short timelines

Digital Engineering enables the speed, insight and integration that today’s missions demand
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The Vision: Integrated Digital Engineering Environment

Collaborative Cross
Domain Modeling And Digital Twins AlI/ML Capabilities
Simulation

Reusable MBSE

Mission Engineering Model Libraries
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Integrated Digital Engineering Environment

A connected digital environment linking mission requirements, system models, and simulation enables
continuous verification and comprehensive assessment of mission effectiveness

Al: Artificial Intelligence
ML: Machine Leaming
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Challenges of Linking Mission to System to Simulation Models

Toolchain Fragmentation Limited Interoperability and Data Managing Model \{a!rlatlons and
Exchange Traceability

Game0
SYSTEMS MODELER

MATLAB 4
SSIMULINK

+ Mission and System models often
reside in Cameo, while high-fidelity
simulations are often built in
MATLAB/Simulink, creating
disconnected workflows

* While the two tools can natively be
integrated, passing more complicated
parameters between the two is
challenging

* Current SysML v1 standards lack
dynamic data linking needed for
seamless traceability

+ Simulation outputs have limited
integration back into system or
mission models, requiring manual
data handling and custom coding

traceability

* Multiple system design variants
exist, but linking each variant’s
simulation results back to mission
requirements is difficult

* Lack of bidirectional traceability
impedes automated verification and
slows decision making processes

We developed a framework that automates mission requirement flow through system models to
simulations, enabling continuous verification and comprehensive mission assessment
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Integrated Framework Overview

User Story: As the mission planner, | need to understand which variant of the Skyzer system will best satisfy mission
constraints (e.g. speed, weight, safety). By linking the mission model, system variants, and simulation data, | can
perform rapid, automated assessments of which configuration is most effective for a given mission

MagicDraw I MATLAB/Simulink

@

O UAV Package Delivery

Skyzer Mission Model Skyzer Mission Model R Model
| 1
| 1
F 3 1 |
| |
e e e e e e e e e e e e - - - | e e e e e e e e e e e e e e e e e o ———— J
. Import to System Composer: 2. Link to High-Fidelity Models: 3. Report to MBSE model in MagicDraw:
* Relevant environmental * Recorded simulation resuits

System Diagrams parameters

Interface Definitions Relevant system Parameters
System Parameters Relevant variants

System Variants

1
»+ System Requirements
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Model Overview: Skyzer Mission Model

* Serves as the foundation for linking mission- b kol 2 Weson S Syzer Sy
level objectives to system-level architecture oo
and behavior
* Leverage open-source model used by OMG “T
for SysMLv1 to SysMLvV2 transition efforts I ] ] ]
* Original open-source model was modified to
inCIUde: ablock» «blocks '
o Variant options for key system parameters
o Additional mission requirements to align with =
simulation model m%m v%f;r—;; Instances,
i Weight = 400.0 1 e which
o Test cases for verification of mission [ de'jotte
. variants
requirements
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Model Overview: Skyzer Mission Model

2 2 Mame Text Satisfied By Werified By
The Skyzer system shall be able to execute the in-flight Wind Speed : Skyzer Mission Mo Td Sea State During Missior
1 CE 1.2.1.7 UAV High Sea States Operatic|portion of its mission in Sea State 7 conditions with wind
aloft not less than 20 knots
2 & 1.2.2.1 Fly Autonomously The Skyzer UAY shall be able to fly Autonomously T Successful Takeoff and |
3 [ 1.2.2.2 Autonomously navigate to st The SIv.:yze.r U;ﬂ'ﬂ.l.ur s.hall Autcnomeusly navigate to search area & Successful Takeoff and |
specified in missicn plan
a [3 1.2.2.8 UAV Fly Patterns The s.}r.ster."n shall a.utu.:unu:umu:uusly,rﬂ}r a search pattern ¥ Successful Takeoff and |
specified in the mission plan
5 CEl 1.3.1 Max Speed The UAY shall have a max speed of 200 knots max speed : Skyzer Mission Mod| Th Speed During Mission
6 Lol 1.4.3 Weight The Skyzer UAV shall weigh no more than 5,000 |b. Weight : Skyzer Mission Model::3| Td Weight During Mission

Skyzer Mission Requirements added for demonstration
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Model Overview: UAV Package Delivery Model

The UAV Package Delivery model provides
a representation of high-fidelity models
likely to be used for analysis and
verification.

Originally developed by MathWorks, it
serves as an example for users interested
in implementing a small multicopter
simulation.

The model includes realistic flight dynamics,
control systems, and test cases for
performance evaluation.

Selected due to its mission profile aligning
closely with that of the Skyzer Mission
Model, minimizing the need for extensive
modifications.

le Edit View Insert Tools Desktoj
NS de @ 08 RE
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Linking Models to Simulation

* Initial step is to bring in system model into System Composer via XMI

* This creates a representation for establishing digital thread

[ SkyzerSystem Variant ¥ [~ SkyzerSystem ¥

SkyzerSystem (Variant)

Skyzer Variant 1
< SkyzerSystem >

Skyzer Variant 2
< SkyzerSystem >

Component
Architecture  Ino

~ Main

Name Skyzer Variant 1

> Parformer Select

™ Parameters Select
maspeed 0 (defauit)
weight 400
x 0 ety
1 10 deautty
10 0 ety
it 0 ety
x12 (1 (defouity
3 00 (defauit)
w2 (0 deauity
x3 0 (defutty
x4 0 ety
x5 0 (deulty
x6 0 ety
7 0] (defauity
xe (0 (deutty
9 (0 (defautty

!-w-m-
Payload | [Recovery system | [conmu Station 4| [ air vehicle ’1
|Ports Ports | B

Ports. Ports

in UAVState: uavStateBus in ‘GCSCommands: <owned>

out GCSCommands in ‘OBCMsgs: <owned>
out  OBCCommands: <owned>
out  UAVState: <owned>

RAST UCARS

System Composer representation of Skyzer System model with variants

incose.org | 9
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| Linking Models to Simulation

* Next is to link system model (Skyzer) to simulation model (UAV Package Delivery)

* This is done by link the system model elements directly to their respective Simulink components

:lSk;ze-SwurH,Velmm ¥ skyzersystam ¥ v erbo;'\eﬂi- )
Architecture nio .
- SkyzerSystem_Variant.six
SkyzerSystem (Variant) ~ Main Simulink Model
Name Sheyzer Variant 1 )
oo i,
Performer Select
I ~ Parameters Salact
Skyzer Variant 1 maspasd 0 (default)
< SkyzerSystem > kgt a0
® 1] (default)
11 {default)
. — System
| 11 (default)
12 1 {setault)
| [ (defaulty Model
x2 11 {defoult)
C 11 ety SkyzerSystem.six
wa 11 Gty Simulink Model
5 1] (defaut)
®6 11 (default)
Skyzer Variant 2 = ; " [:“::]
< SkyzerSystem > :'n :} ;Ha:":
Simulation
GroundControlStation.slx MultirotorModel.slx
e Simulink Subsystem Simulink Mode! Model
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Verification and Capturing Results

* The UAV Package Delivery
Model includes test cases that
assess performance against
predefined criteria.

* These test cases were mapped
to system requirements from
Skyzer Mission model

* Tests can be executed for each
system variant configuration

A=y
b

Obstacle Avoidance

Obstacle Avoidance

L= Obstacle Avoidance

Model | uavPac kageDelivery

.........

EmHRaC

Test Case Definition Example




{3 Requirements Editor

REQUIREMENTS

Lap

New
Requirement Set
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Tiilera

Classilie

= |':-_|5m - EL g Delete 6’3 = ‘9 7-m- Q E 33&
Open. 4 \POrt @ Profle Editor Add Add Show Show @ [[§ ~ Search | Traceability Traceability Moc
Requirement ~ Link ~ @ Preferences Requirements v Links Matrix  Diagram  Da¢
FILE PROFILE REQUIREMENTS LINKS - EDIT ANALYSIS &
Pass/Fail ©
1212 Ship Compatibility The Skyzer System shall be compata... [ )( rties
1215 Midflight Payload Dispersal The Skyzer UAV shall safely release a ... [ )( Status Functional
1216 UAV landing and recover in Hi... The Skyzer System shall launch and r... ( pf i oy 40
1214 Operational Life The Skyzer System shall have an oper. Gk IDY 1A
1217 UAV High Sea States Operations The Skyzer system shall be able to ex... —————)
1221 Fly Autonomously The Skyzer UAV shall be able to fly A ——7"—" Suminary:. VAV Hiph Ses Stoles Oparaiions
1222 Autonomously navigate to sea... The Skyzer UAV shall Autonomously ) Desaiption Rationale
1228 UAV Fly Patterns The system shall autonomously fly a —— ) By Do2v 10 vB 7 U @M E F »
134 Max Speed The UAV shall have a max speed of 2 | The Skyzer system shall be able to execute the
143 Weight The Skyzer UAV shall weigh no more | in-flight portion of its mission in Sea State 7
1223 Autonomously navigate to shi... The Skyzer UAV shall ; ditions with wind aloft not less than 80
1227 Autonomously hover at comm... The Skyzer UAV shall [ &L — - knots
1225 Autonomously loiter at comm... TheSkyzer UAV shall Autonomously I... j [ 4 )
1224 Autonomously execute lost lin... In case of severed communication b... )V 4 )
1226 Autonomously home on 406 ... The Skyzer UAV shall be able to auto... [ )
1234 Take off from a ship under UC... The Skyzer UAV shall take off from a ... [ % )
1233 Land on a ship under UCARS d... The Skyzer UAV shall land on a ship ... [ yAal ) Keyvods;
1235 Follow UCARS direction from h... The Skyzer UAV shall follow UCARS d... y AR ) » Revision information:

Shypzar System

Verification and Capturing Results

= u} X

% (2]

Filter: |7

WVerification Status;i [ Pass _ Feil

* Results from tests cases now
passed back into MagicDraw for
traceability

* A custom utility uses XMl
identifiers to update the Skyzer
model with pass/fail status,
maintaining synchronization
with.

. AZAREUS AT, fly aumnnaminsly - -
A Merriz 3 Weight @ lbs | O migsspead kool | - Boalean ~Of peclean = Ihy_puttern : Buoolean
1 = Slcy..'.cl Yariant 1 4000 200 n e E Lige u Liue
2 =1 Sl::.r.u:-l Warianl 2 cann 200 ﬂ e n Lige u Lige
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Conclusion

* Developed a framework that links mission models, system architectures, and simulations
to enable seamless end-to-end traceability

* Demonstrated how this integration supports continuous verification of mission
requirements across system variants

* Enables faster, data-driven decision making by connecting operational intent to technical
performance
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